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AUTHOR'S     PREFACE. 


This  Text-book  of  Botany  is  intended  io  inlroduce  the  student  to  the 
present  state  of  our  knowledge  of  botanical  science.  Its  purpose  is  not  only 
to  describe  the  phenomena  of  plant-life  which  are  already  accurately  known,  but 
also  to  indicate  those  theories  and  problems  in  which  botanical  research  is  at 
present  especially  engaged;  the  arrangement  of  the  material  and  the  mode  of 
Irealroent  of  the  separate  subjects  are  adapted  to  this  purpose.  Detailed  dis- 
cnssions  of  questions  of  minor  importance  have  been  avoided,  as  these  would 
only  mar    clearness  of  outline  in  the   design ;    critical  remarks  have  been  intro- 
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EDITOR'S    PREFACE. 


When  I  undertook,  about  a  year  ago,  to  prepare  a  new  English  edition  of  this 
important  work,  based  upon  the  German  edition  of  1874,  I  found  that  it  would  be 
necessary  to  make  considerable  alterations  and  additions  if  the  work  were  to  main- 
tain in  any  degree  its  high  reputation  as  adequately  representing  the  attainments  of 
Botanical  Science.  It  is  with  the  object  of  maintaining  this  reputation  that  1  have 
ventured,  not  without  considerable  diffidence,  to  add  to  and  to  alter  Professor  Sachs' 
work ;  but  I  have  been  careful  to  distinguish  my  alterations  and  additions  either  by 
enclosing  them  in  brackets  or  by  quoting  my  authority,  so  that  the  reader  will  have 
no  difficulty  in  recognising  them.  I  cannot  flatter  myself,  however,  that  I  have  been 
altogether  successful  in  my  attempt.  Complete  success  could  only  have  been 
attained  by  rewriting  a  considerable  portion  of  the  work,  but  this  did  not  come 
within  my  province. 

I  found  also  that  nearly  the  whole  of  Book  I.  had  already  been  for  some  time 
in  print,  and  that  consequentlj'  a  number  of  important  recent  discoveries  had  not 
been  noticed  in  it.  In  order  to  meet  this  difficulty  I  suggested  to  the  Delegates 
of  the  Clarendon  Press  that  the  first  thirty-two  pages  should  be  revised  and  re- 
printed, and  that  the  additional  notes  necessary  for  the  completion  of  Book  I.  should 
be  incorporated  in  an  Appendix,  a  suggestion  which  met  with  their  approval.  An 
opportunity  was  thus  afforded  me  of  adding  some  further  notes  and  references  on 
the  remainder  of  the  work.  As  it  also  contains  the  Corrigenda,  the  Appendix  has 
come  to  be  an  important  feature,  and  I  therefore  especially  recommend  it  to  the 
notice  of  the  reader. 

I  have  no  doubt  that  many  errors  of  omission  and  of  commission  will  be 
detected ;  for  these  I  would  beg  the  reader's  indulgence,  in  so  far  as  I  am  respon- 
sible for  them.  They  would  have  been  much  more  numerous  but  for  the  valuable 
criticisms  and  suggestions  of  many  friends,  among  whom  I  may  especially  mention 
Mr.  W.  T.  Thiselton  Dyer,  Assistant  Director  of  the  Royal  Gardens,  Kew,  Mr.  D. 
H.  Scott,  Assistant  Professor  of  Botany  in  University  College,  London,  and  Mr.  F. 
O.  Bower,  Lecturer  in  Botany  at  the  Normal  School  of  Science,  South  Kensington. 
To  my  friend  Mr.  A.  E.  Shipley,  Scholar  of  this  College,  I  am  much  indebted  for 
his  kindness  in  assisting  me  in  the  serious  labour  of  preparing  the  Index. 

S.  H.  V. 
Christ's  College,  Cambridge, 
Augusl,  18S3. 
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BOOK     I. 

GENERAL    MORPHOLOGY. 


CHAPTER    I 

MORPHOLOGY   OF   THE    CELL. 

Sect.  i.  Prellmmary  Inctuiry  into  the  Hature  of  the  Cell. — The  sub- 
stance of  plants  is  not  homogeneous,  but  is  composed  of  smail  structures,  generally 
indistinguishable  by  the  naked  eye.  Each  of  these  is,  at  least  for  a  time,  a  whole 
complete  in  itself,  being  composed  of  solid,  semi-solid,  and  fluid  parts  which  differ 
in  their  chemical  nature.  These  structures  are  termed  Cells,  For  the  most  part, 
large  numbers  of  them  are  in  close  contact  and  firmly  united;  and  they  then 
form  a  Cellular  Tissue.  But  in  every  plant  which  completes  its  term  of  life  there 
is  at  least  one  period  in  which  certain  cells  or  groups  of  cells  separate  at  definite 
points  from  the  union,  and,  after  isolation,  begin  for  themselves  an  independent 
course  of  life,  as  spores,  pollen -grains,  oospores,  gemmte,  &c. 

Like  the  shape  and  size  of  the  whole  plant,  the  form,  structure,  and  size  of 
its  individual  cells  are  subject  to  regular  changes ;  and  the  nature  of  these  cannot  be 
ascertained  from  the  study  of  a  single  phase,  but  only  from  the  entire  series  of 
changes  which  may  be  called  the  life-history  of  the  cell.  And  as,  moreover,  each 
cell  fulfils  its  own  definite  part  in  the  economy  of  the  plant,  i.  e.  is  specially  intended 
for  certain  chemical  or  mechanical  purposes,  so  also  cells  exhibit  a  diversity  of 
form  corresponding  to  their  different  functions.  These  differences,  however,  do 
not  usually  arise  until  the  cells  have  passed  through  their  earlier  stages;  the 
youngest  cells  of  a  plant  differ  only  slightly  from  one  another. 

The  general  morphological  laws  which  prevail  in  all  cells  are  also  more  clearly 
evident  in  the  young  state ;  the  more  the  developing  cells  adapt  themselves  to  the 
special  purposes  which  they  have  to  fulfil,  the  more  difficult  it  becomes  to  recognise 
in  them  these  laws,  which  we  will  now  expound  more  in  detail. 

By  far  the  largest  proportion  of  cells  in  the  living  succulent  parts  of  plants, 
such  as  young  roots,  leaves,  internodes,  and  fruits,  are  made  up  of  three  con- 
centrically-disposed parts.     First  is  an  outer  skin,  firm  and  elastic,  the  Cell-mall, 
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2  MORPHOLOGY    OF    THE    CELL. 

consisting  of  a  peculiar  substance,  which  we  call  Cellulose  (Fig.  i,  B,  C,  h).  Close 
to  the  inner  side  of  this  membrane,  which  forms  a  closed  envelope,  is  a  second 
layer,  also  entirely  continuous,  the  substance  of  which  is  soft  and  inelastic,  and 
which  always  contains  albuminous  matter;  to  this  substance  H.  v.  Moh!  g'ave  the 
distinctive   appellation  of  Protoplasm''.     In  the  cells  now  under   consideration    it 

forms  a  sac  enclosed  by  the 
cell-wall,  in  which   sac  other 
—  portions    of   protoplasm    are 

also  usually  present  in  the 
form  of  plates  and  threads 
(Fig.  I,  B,  C,  p).  Absent 
from  some  of  the  lo"e  t  or 
ganisms  but  present  in  all  the 
higher  plants  without  e\cep 
tiDn  there  lies  imbedded  in 
the  protoflasm  a  roundish 
body  the  substance  ot  which 
IS  lerj  similar  to  that  of  the 
prolophsm  the  Au  I  us  {4 
C  k)  The  ca^  it(  enclosed 
by  the  protoplasm  sac  is  filled 
with  a  water}  flmd  the  Cell 
sap  {B  C  s)  In  iddition  to 
these  there  are  al  o  very  com 
monlj  found  in  the  interior  of 
the  cell  granular  bodies  which 
however  miv  be  pas  ed  over 
for  the  present 

Cells  in  the  stage  of  deve 
lopmentnow  de'scnbed  consist 
therefore  of  a  firm  membrane 
semi  solid  protoplasm  (includ 
ing  the  nucleus),  and  fluid  cell- 
sap.  At  first,  however,  the  celi- 
Sfl>^c»f';£.'pi'c^I^B%T«r^Xtr"?'p"^^^^  sap  is  wanting.     If  the  same 

cells  are  examined  in  a  very 
early  stage  of  their  development  they  are  smaller  (A),  their  cell-wall  thinner,  and 
the  protoplasm  forms  a  continuous  mass,  in  the  middle  of  which  lies  the  nucleus,  at 


re  plaKs  of  proLoplesm  ;  i 


'  H.  V.  Mohl,  Ucher  die  Saftbewegungeii  im  Irneren  der  Zellen,  Bot.  Zcitg.  18+6,  p.  73.  The 
importance  of  this  substance  to  the  life  of  the  cell  was  recognised  at  the  same  time  by  Nageli. 
who,  in  conjunction  with  Schleiden,  termed  it  'Schleim.'  (Zeitichr.  fur  wissensch.  Bol.  von 
Schleiden  u.  ISTageli,  Heft  III,  1846,  p.  53.)  [The  -nucleus'  was  figured  by  F.  Bauer  in  1830  in 
the  stigmatic  cells  of  Bletia  TaniervilUa  from  a  sketch  made  in  1802.  Meyen  in  the  former  year 
iadkated  it  in  his  '  Phylotomie.'  It  was  first  described  by  Robert  Brown  (see  Misc.  Bot.  Works,  vol.  I. 
p.  512)  in  1833.  Schwann  in  1R39  applied  the  term  ■  nucleolus  '  to  the  body  previously  discovered 
by  Schleiden  (Schwann  and  Schleiden's  Researches,  p.  3).  Colin  in  1850  pDirled  out  the  analogy 
of  the  '  protoplasm '  of  botanists  with  the  '  sarcode '  of  zoologists.] 


vGooqIc 


PRELIMINART  INQUIRY  INTO   THE  NATURE   OF   THE   CELL.  3 

this  time  relatively  very  large  (^),  The  cell-sap  first  appears,  when  the  eel!  is  grow- 
ing quickly  {£),  in  the  form  of  drops  (Vacuoles)  in  the  interior  of  the  protoplasm 
{£,  s) ;  at  a  later  period  these  drops  usually  coalesce,  and  form  a  single  sap-cavity 
(C,  s),  which  is  enclosed  by  the  now  sac-like  hollow  substance  of  the  protoplasm. 

In  their  earliest  state  the  cells  of  the  wood  and  cork  of  irees  show  conditions 
of  development  which  correspond  essentially  to  those  represented  in  Fig.  i.  In 
these  cells,  however,  a  new  condition  follows  very  soon  after  the  appearance  of  ihe 
cell-sap ;  the  protoplasm  containing  the  nucleus  disappears,  leaving  the  cell-cavity 
filled  either  with  air  or  with  water.  Older  wood  and  cork  thus  consist  of  a  mere 
framework  of  cell-walls. 

An  important  difference  exists  between  the  further  behaviour  of  those  cells 
which  enclose  protoplasm,  and  of  those  from  which  it  has  disappeared.  The  former 
only  can  grow,  develope  new  chemical  combinations,  and,  under  certain  conditions, 


form  new  cells.  The  latter  are  never  capable  .of  further  development ;  in  the  case 
of  wood,  they  are  of  service  to  the  plant  only  from  their  firmness,  power  of  absorbing 
water,  and  peculiar  form ;  in  cork,  by  forming  protecting  envelopes  which  surround 
the  living  succulent  cellular  tissue. 

Since  then  no  further  development  can  take  place  in  cells  which  no  longer 
contain  protoplasm,  it  may  be  concluded  that  the  latter  is  the  proximate  cause  of 
growth.  We  shall  see  hereafter  that  the  development  of  each  cell  begins  with 
the  formation  of  a  protop!asm-mass,  and  that  the  cell-wall  is  also  generated  from 
it;  but  the  relation  of  the  protoplasm  to  cell -formation  is  still  more  striking  when 
it  .exists  for  some  time  in  the  free  state  as  a  mass  of  definite  form,  which  eventually 
clothes  itself  again  with  a  fresh  cell-wall,  and  takes  up  cell-sap.  We  have  an 
excellent  example  of  this  in  the  reproduction  of  the  Fucacere.  On  the  fertile 
branches  of  these  large  marine  AlgEC,  of  which  we  may  take  Fucus  resuulosus  as 


vGooqIc 


4  MORPHOLOGY   OF    THE    CELL. 

an  example,  large  cells,  the  oogonia  (Fig.  2,  /,  Og),  are  formed  in  peculiar 
recepiacles;  the  space  enclosed  by  the  cell-wall  is  densely  filled  with  fine-grained 
protoplasm,  which  is  at  first  homogeneous,  but  subsequently  breaks  up  into  eight 
portions  (oospheres);  these,  completely  filling  up  the  cell-cavity  of  the  oogonium, 
press  against  one  another  and  become  polygonal.  The  wall  of  the  oogonium 
consists  of  two  layers;  the  outer  one  splits,  and  the  inner  one  protrudes  in  the 
form  of  a  sac,  which  becomes  distended  by  absorption  of  water ;  in  this  enlarged  sac 
■the  oospheres  become  globular 
(Fig.  2,  IF);  when  this  bursts, 
the  oospheres,  now  completely 
spherical,  escape.  By  the  fertilis- 
ing action  of  other  smaller  proto- 
plasm-masses, the  antherozoids, 
these  balls  of  protoplasm  or  oo- 
spheres are  excited  to  further 
development ;  on  the  exterior  of 
each  fertilised  oosphere  or  oospore 
a  colourless  substance  makes  its 
appearance,  which  hardens  into 
a  continuous  cell- wall.  The  newly - 
formed  cell  now  grows  in  two 
different  directions  in  different 
modes,  and  produces,  after  further 
transformations  (Fig.  2,  V  and 
IV),  a  young  Fucus-plant. 

Still  more  clearly  does  the  inde- 
pendence of  the  protoplasm  of 
a  cell  show  itself  in  the  formation 
of  the  swarm-cells'  (zoogonidia) 
of  Alga,  and  of  suwie  Fun^i  In 
manj  cases  as  m  Sttgeodomum 
inn^ne  (Fig  ^  B  c^  the  proto 
platm  of  a  cell  filled  v.  th  cell  sap 
contracts  e\pels  the  cell  sap  and 
forms  a  round  sh  ball  which, 
escapng  through  an  opemng  m 
pi'^'u!d'™uKi™ii'^^%"i!Ii^r^™.'^^'°"''"'"°"'"°^"''  the  eel!  will  swims  ibout  m  the 
water(C)  While  ptssmg  cut, 
the  protoplasm  shows,  by  its  motions  and  changes  of  form,  th-it  it  is  soft  and 
extensible ;  but,  once  freed,  it  assumes  a  definite  form  Usually  after  some  hours, 
the  swarm-cell  comes  to  rest;  if  killed  by  proper  meins  the  protoplasm  contracts 
{E,  F,  p),  and  a  delicate  cell-wall  may  now  be  recognised,  which  it  did  not 
possess  at  the  time  of  its  exit,   when  it  began  to  swim  about       When  once    it 

'[For 
The  term  ' 
proloplasra 


the  exact  meaning  of  this  terra  see  Book  ii.  i_nap. 
swarming'  is    applied    to   any  apparentlv  spoiilatie< 
c  body  by  vibratile  cilia.] 

us"' 

notion    imparted   \o    a   nak 

vGooqIc 


DIFFERENCE   IN  TBE  FORM   OF   CELLS'  JJ 

rest  It  also  changes  its  form  and  increases  m  volume  cell  sajj  collect  na:  n  tbe 
interior  The  cell  formed  in  this  way  now  grows  in  a  manner  dependent  on  the 
specific  nature  of  the  pUnt  — in  our  example  it  elongates  itself  (Fig  3  D  and 
H)~~Ani  new  changes  {m  th  s  case  cell  divisions)  begm 

These  examples — and  man)  more  might  be  added — show  us  that  the  proto- 
plasm constitutes  the  cell  the  ceil  in  the  sense  defined  above  is  evidently  only  a 
furder  development  of  t  the  formative  f>rces  proceed  from  it  It  ha'i  hence 
become  u  ual  to  consider  a  protopUsm  m\si  ol  this  kind  as  a  cell  and  to  designate 
It  as  a  naked  membrineless  or  Pitmordial  Cell 

The  development  of  a  sviirm  cell  hke  thit  of  the  oosphere  of  Fu  us  shows  — 
as  does  also  the  case  of  ever)  other  cell — that  the  substance  of  the  cell  viall  vias 
already  contained  m  the  protoplasm  m  some  form  or  other  which  could  not  be 
recognised  the  formation  of  the  cell  wall  must  be  regarded  as  1  sepirition  of 
matter  alread)  existing  m  the  protoplasm  In  the  same  manner  the  water  of  the 
cell  sip  althou},h  taken  up  from  without  must  nevertheless  pass  through  the  proto- 
pla'im  and  whle  it  collects  nsidc  it  is  cell  sap  it  takes  up  from  it  soluble  '-ub- 
stances  so  fir  the  formatim  of  the  cell  sip  is  ilso  a  separation  of  matter  h  therto 
contained  m  the  protoplasm  The  nucleus  is  probibl)  to  be  regarde  1  as  a  differen- 
tiated portion  of  the  protoplasm  Tf  is  the  mature  cell  provided  viilh  cell  \sall, 
nucleus  and  cell  sap  is  the  result  of  a  difterentiation  ot  matter  already  contained  in 
the  protoplasm  The  essential  point  is  this — that  this  differentiation  ainais  leads 
to  the  formation  of  concentrically  disposed  layers  the  outer  of  which  the  cell  wall, 
IS  firm  and  elastic  the  inner  the  protorlasm  sac  sofl  and  inelastic  If  the  cell  as 
IS  usuall)  the  case  is  at  fhst  without  an)  sap  cavitv  the  protoplasm  is  less  firm  and 
more  watery  in  the  centre  or  a  nucleus  is  in  this  case  formed  which  at  lea  t  m 
young  cells  is  always  more  waterj  than  the  surroundii  g  f  rotoplasm  \\  hen  at  last 
the  cell  sap  makes  its  appearance  the  cavity  of  the  cell  is  alv^ays  filled  with  actual 
fluid  in  wh  ch  the  nucleus  often  fakes  up  a  central  position  surrounded  bv  proto- 
plasm or  more  usually  apj  roaches  the  circumference  of  the  sap  cavit)  and  becomes 
parietal  So  long  as  the  phase  of  cell  deieiopment  in  which  the  cell  appears  as 
a  sap  cavit)  bounded  by  a  membrane — certainly  the  one  most  comn  only  seen — had 
alone  been  observed  it  was  cor  ect  enough  to  define  the  cell  as  i  vesicle  but  t  is 
obvious  that  this  view  does  not  appl)  to  many  true  cells  e  g  lo  joung  cells 
which  form  component  parts  of  a  tissue  (as  Fg  i  A)  of  the  true  natu  e  of 
which  vie  should  get  but  an  ili  defined  concepton  were  vie  to  regard  them  as 
vesicles       The   teim    apj-hes   still    le  s    to   sviarm  cells    and    to    the    oosj  herts  of 

Sect.  2,  Differenoe  in  the  Form  of  Cells. — The  development  of  the  indi- 
vidual cell  by  no  means  always  results  in  the  forms  just  described ;  further  changes 
of  form  usually  take  place  in  the  separate  parts  of  the  cell.  The  volume  of  the 
entire  cell  generally  increases  for  a  considerable  lime,  with  corresponding  increase 
of  the  cell-sap ;  not  unfrequently  it  amounts  to  a  hundred  or  even  a  thousandfold 
the  original  volume.  During  this  increase,  the  form  commonly  changes ;  if  it  was 
at  first  roundish  or  polyhedral,  it  may  become  filiform,  prismatic,  or  tabular,  or 
branch  into  a  number  of  arms.     The  cell-wall  may  increase  very -considerably  in 
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however  assist  the  whole  by  continually  giving  rise  to  new  cells  by  division,  which  then, 
on  their  part,  undergo  a  further  development.  Such  ceils,  which  serve  exclusively  for 
the  purpose  0/  producing  new  ones,  are  found  at  the  extremities  of  all  roots  and  branches, 
and  between  the  bark  and  wood  of  exogenous  trees  and  shrubs.  The  cells  p  d  d  i» 
these  positions  undergo  a  different  development  according  to  their  situation,  and  u  lly 
in.  such  a  way  that  aggregations  of  them  into  layers  or  strands  follow  simul  u  ly 

the  same  mode  of  development.     Some  grow  quickly  in  all  directions,  their  w  11      m    n 
thin,  the  great  bulk  of  their  protoplasm  becomes  transforraed  into  chlorophyll  g  a     1 
they  are  rich  in  cell-sap,  and  serve,  as  we  shall  see  hereafter,  for  assimilatio  th 

production  of  new  organic  substance  which  is  formed  out  of  the  elements  of  th  b  Id 
nutrient  material.  In  other  parts  of  the  same  plants  the  cells  extend  greatly  1  ngtl 
their  diameter  remains  small,  they  form  no  chlorophyll ;  a  certain  number  re 
culent  and  serve  to  convey  assimQated  substances ;  other  cells  of  the  same  stra  d  th  k  n 
their  walls  rapidly  in  many  ways,  their  septa  become  absorbed,  numerous  c  11  th 
same  row  combine  into  a  long  tube  (vessel),  from  which  the  protoplasm  and  th  li  p 
disappear;  they  serve  then  as  organs  of  conduction  for  the  plant.  In  their  n  ghb  u 
hood  are  formed  the  wood-cells;  these  are  mostly  prosenchymalous,  extended  in  length, 
their  wall  greatly  thickened  and  ts  substance  chemicallv  changed  (lign  fied)  they  form 
collectively  a  firm  frame  work  which  supports  the  rema  ning  b^sues,  lends  firmness  and 
elasticity  to  the  whole  and  is  espetially  adapted  lor  the  rapid  conduction  of  water 
through  the  plant  In  the  t  ssue  of  tubers,  bulbs,  and  seeds  most  of  the  cells  remain 
thin-walled;  they  become  filled  in  the  nterior  with  albuminous  substances  starch, 
oil,  inulin,  &c  ,  which  afterwards  "Ahen  new  organs  are  being  foimed  sene  as  material 
for  the  construction  of  nen  cells.  In  the  same  manner  a  considerable  series  of  other 
forms  of  tissue  could  be  named,  cork,  the  testa  of  seeds,  the  stone  of  stone-fruit,  &c., 
which  all  alike  attain  their  needful  firmness  and  strength  by  a  peculiar  development  of 
their  cell-walls,  in  order  to  serve  as  protective  envelopes  for  other  masses  of  cells  which 
are  still  capable  of  further  development;  their  contents  disappear  as  soon  as  the  cell- 
wall  has  assumed  these  properties,  and  their  purpose  has  thus  been  fulfilled. 

■  Each  of  the  forms  of  cell  just  spoken  of,  occurring  in  the  same  piant,  serves 
principally  or  even  exclusively  for  one  purpose  only ;  in  correlation  with  this,  either 
the  cell-wall,  the  protoplasm,  the  chlorophyll-granuies,  the  cell-sap,  or  its  granular 
deposits,  is  specially  developed.  Very  commonly  these  specialised  cells  lose  the  power 
of  reproduction  and  of  multiplying  by  division;  when  they  have  fulfilled  their  function, 
they  disappear,  or  their  iignified  cell-wall  alone  remains.  The  whole  plant,  of  which 
these  cells  form  a  part,  continues  no  less  to  live,  since  at  special  points  it  possesses  cells, 
which,  at  the  proper  time,  again  produce  new  masses  of  cells  capable  of  fulfilling  in  their 
turn  the  same  functions. 

Sect.  3.'  Formation  of  CsIIb  '.  ^  The  formation  of  a  new  cell  always 
commences  with  the  re -arrangement  of  a  protoplasm -mass  round  a  new  centre ; 
the  material  required  is  always  afforded   by  protoplasm   already  present,  aad  the 

'  H.  von  Mohl,  Vermischte  Schriften  botanischen  Inhalts  Tiibingen  1845,  pp.  67,  84,  361 
[Anatomy  and  Physiology  of  the  Vegetable  Cell,  traoskted  by  Henfrey,  London  1853].— Schleiden 
in  Miiller's  Archiv,  1838,  p.  137  [Taylor's  Scient.  Mem.,  vol.  "II.  pp.  181-313,  and  Sydenham 
Society,  1847].— Unger,  Bot.  Zeit,  1844,  p.  489;  H,  v.  Mohl,  Bot.  Zeit.  1844,  p.  173.— Nageli, 
Zeitschrift  fiir  wisa.  Botanik,  vol.  1, 18^4,  p.  34,  vols.  Ill,  IV,  1846,  p.  50.~A.  Braun,  Verjiingung  in 
der  Natur,  Freiburg  1850,  p.  129  el  sej.  [Ray  Soc.  Botanical  ai)d  Physiological  Memoirs,  1853]. — 
Hofmeister,  Vergleichende  Untersuchnngen  iiber  die  Embryobildung  der  Kryptog.  u.  Conif.,  Leipiig 
1851  [Ray  Soc.  1862]. — De  Bary,  Untetsuchungen  iiber  die  Familie  del  Conjugaten,  Leipzig  1858  — 
NSgeli,  PflaDZenphys.  Untersuch.  Ileft  1.— Pringsheim.  Jabrb.  fiii:  wiss.  Botanik,  vol,  I,  1858,  pp.  1, 
384,  vol.  II.  p.  I,— Hofmeister,  Lehre  von  der  Pflanzenzelle,  Leipzig  1867.  [Strasburger,  Ueber 
ZellbiWung  und  ZelUheilung,  Jena  iSSo.-W.,  Slndien  iiber  Proloplasma,  Jena  jS?'!.] 
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newly  constituted  protoplasm- mass  clothes  itself,  sooner  or  later,  with  a  cell-wall.  . 
All  processes  of  cell-formation  a^ee  in  these  points  ;  but  a  description  which  goes 
more  into  detail  requires  a  distinction  to  be  drawn  between  different  cases  in  which 
the  process  now  varies  in  many  different  ways. 

It  must  first  be  noted  that  the  formation  of  new  cells  does  not  always  result  in 
an  increase  in  the  ictual  number  of  cells.  Three  types  may  be  distinguished  in  this 
espe  — (  )  T  R  n  al  or  Rejuveneuerue  of  a  cell;  that  is,  the  formation  of  a. 
s  n^le  ne  v  cell  f  on  he  whole  of  the  protoplasm  of  a  cell  already  in  existence ; 
(  )  Tl  e  r  _;  ^a  (ire  o  Coalescence  of  two  {or  more)  protoplasm -masses  in  the 
forn  TO  of  a  ne  V  cell  (3)  The  Mulliplkation  of  a  cell  by  the  formation  of  two 
or  mo  p  o  opiasm  masses  out  of  one.  Each  of  these  types  shows  a  series  of 
a  a  on  a  d  an  ons  into  the  others.  The  greatest  diversity  is  exhibited  in 
the  mult  pi  ca  on  of  eel  s  ;  two  cases  must  be  distinguished,  according  as  part 
only  of  1  e  p  o  oplism  of  the  mother-cell  is  applied  to  the  formation-of  the  new 
eel  s  o  a  1  e  1  ole  mass  is  converted  into  daughter-cells.  The  latter,  by 
H  he  mo  e  comn  on  c  se,  again  exhibits  variations,  according  as  the  protoplasm- 
mas  es  \  ch  oil  a  ound  new  centres,  expel  water,  contract  and  become 
globula  a  CO  d  ng  as  he  cell-wall  is  secreted  during  division  or  after  its  com- 
plet  n  and  final  a  cording  to  the  way  the  cell-sap  and  nuclei  make  their 
appe      nee 

The  different  processes  of  cell -formation  are  in  turn  brought  into  play  throughout 
the  life  of  the  plant; — Rejuvenescence,  Conjugation,  Free  cell -for  matiori,  and  Cell- 
division  Tvith  contraction  and  rounding  off,  are  the  forms  connected  with  repro- 
duction ;  while  in  the  growth  or  increase  in  volume  of  an  organ  by  the  formation 
of  new  cells,  cell-division  only  comes  into  play,  and  almost  invariably  by  division 
of  one  cell  into  two  without  any  considerable  contraction  and  rounding  off  of  the 
new  cells ;  the  multiplication  of  cells  in  growing  tissue  may  therefore  be  described 
as  a  biparlition  of  those  already  in  existence.  In  the  formation  of  reproductive 
cells,  the  tendency  to  isolation  and  rounding  off  is  most  strongly  displayed ;  while 
in  ceil-formation  accompanying  growth,  the  mother-cells  are  divided  by  partition- 
walls  in  such  a  manner  that  the  resulting  daughter-cells  resemble  their  mother- 
cells,  or  are  able  to  develope  into  any  required  form. 

The  more  important  modes  of  cell-division  must  now  be  examined  in  a  few 
examples. 

A.  Cell-formation  in  relation  to  Beproduction. 
1.  Cell-form ati on.  by  lUguvenesoenoe. — A  good  example  is  afforded  in  the 
formation  of  the  swarm-cells  of  Stigfodonium  iniigne  (Fig.  3,  p.  4).  The  protoplasm 
of  a  cell  of  a  filament  contracts,  and  expels  a  portion  of  the  water  of  the  cell-sap  ;  the 
arrangement  of  the  differentiated  protoplasm -mass  is  changed,  and  the  chlorophyll- bodies 
become  indistinct ;  its  form  alters  as  it  escapes  from  its  cell-wall ;  from  almost  cylindrical, 
the  protoplasm -mass  becomes  ovoid,  with  a  broad  green  and  a  narrower  hyaline  end; 
after  its  movement  has  ceased,  the  latter  becomes  the  base,  and  the  green  end  alone 
grows  when  the  new  cell  clothes  itself  with  a  cell-wall.  The  pbservations  of  Pringsheim 
on  (Edagonium  also  show  that  the  direction  of  growth  of  the  renewed  cell  is  at  right 
angles  to  the  original  direction  of  growth  before  the  renewal;  for  the  hyaline  or 
radicular  end  of  the  swarm-cell,  which  afterwards  becomes  the  point  of  attachment,  is 
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formed  on  the  side  (Fig.  4,  j1,  B),  not  at  one  end  of  the  protoplasm-mass.  The  arrange- 
ment of  the  entire  protoplasm  of  the  cell  is  therefore  entirely  changed;  the  trans^ 
verse  becomes  the  longer  diameter  of  the  cell  and  of  the  plant  arising  from  it.  The 
material  remains,  as  far  as  can  be  seen,  the  same,  but  its  arrangement  is  different. 
This  is  the  point  of  morphological  importance,  that  every  formation  of  a  new  cell 
depends  essentially  on  a  fresh  arrangement  of  protoplasm  already  in  existence.  Hence 
the  reji:venescence  of  a  ceil  not  only  may  but  must  be  regarded  morphologically  as  the 
formation  of  a  new  one! 

2.  Cell-fcrmation  by  Conjugation. — The  protoplasm  of  two  or  more  cells 
coalesces  to  form  one  common  protoplasm-mass,  wfiieh  surrounds  itself  with  a  cell-wall 
and  becomes  endowed  with  Ihe  other  properties  of  a 
cell.  To  study  this  process  whith  present)  man) 
variations,  we  may  take  one  of  our  commonest  fila-- 
mentous  Alga;,  Spirogyra  lemmata  (Figs  5,  6)  Each 
filament  (Fig.  5)  eonsi'its  of  a  row  of  similar  cylin- 
drical cells,  each  of  which  contains  a  protoplasm  sac , 
this  encloses  a  relative!)  large  quantity  of  cell-sap  in 
the  midst  of  which  hangs  a  nucleus  enveloped  in  a 
small  mass  of  protoplasm  iud  attached  to  the  sac 
by  threads  of  the  same  substance,  in  the  sat  lies  a 
spirally  coiled  chlorophyll  baid  with  thicken  ngs 
(ehloroph)ll  granules)  at  intervals  which  contain 
starch  ^ams  The  conjugat  on  always  takes  place 
between  opposite  cells  ot  two  more  or  less  pinllel 
filaments  The  first  sta[,e  is  the  formation  ot  lateral 
protubci  luces  (Fig  3  a}  which  continue  to  gro  v 
until  they  meet  (&)  The  protoplasm  of  each  cf 
the  two  cells  concerned  then  contracts^  detaches 
itself  from  the  surrounding  cell-wall,  rounds  itself 
into  an  ellipsoidal  form  and  contracts  still  more  bj 
expulsion  ol  the  mter  of  the  cell  sap  This  may 
occur  simultineously  in  the  two  conjugating  cells 
Next,  the  cell  wall  opens  between  the  two  protuber 
ances  (Fig  6  a),  and  one  of  the  two  ellipsoidal 
protoplasm  masses  forces  itselt  into  the  connect  ng 
channel  thus  formed  gliding  slowly  through  it  into 
the  other  cell-cavity  and  as  sooi  as  it  touches  the 
protoplasm  mass  tontained  in  it,  they  coalesce  (Fig 
6, «)  After  complete  union  (Fig  6  i)  the  unted 
body   IS   again  ellipsoidal    and  scarcely  larger  than  y  c  1.   ^  £«  jpeotiheswanncciisof 

one  of  the  two  Irom  which  it  wis  formed     during     '^•'"g"'  u»   c  on^  lee  1   tna  on: /'the tamo 
the  union  a  contraction  has  evidently  tiken  place      oitadi  ng  disc  cescapeofiiieah^epj^pias,^ 
with  expulsion  of  water      The  coalescence  gnes  the     °wiC"Jf'^?^^iJ^M^"e!J;  ^^'^ 
impreasicn   of  a   union  of  two  drcps  of  fimd     but     "'™  bol.oIi  pi  i| 
the  protoplasm  11  never  fluid  m  the  phjsicU  sense  of 

the  word  The  conjugated  protoplasm  mass  clothes  itself  with  a  cell-wail  and  forms  a 
Zj^oipore  which  germinates  after  a  period  of  repose  of  some  months,  and  then  developes 
a  new  filament  ot  cells  With  greater  or  smaller  dev  ations  from  this  plan,  conjugation 
takes  place  in  a  large  group  of  AlgsE  the  Lonjugatse  among  which  the  Diatons  must  be 
included  and  in  bcme  Fungi  the  Zjtomycetes  In  the  latter  more  considerable  de- 
viations occur      In  Spirog^ia  nitidu  It  also  happens  (De  Barj,  Conjugaten,  p   6)  that  one 
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cell  conjugates  with  two  others,  and  takes  up  both  their  protoplasm- masses  ;  in  these 
eases  the  zygospore  is  the  product  of  three  cells.  In  the  Myxomycetes  the  awarm-cells 
(Myso-amtebie),  which  are  endowed  with  a  peculiar  motion,  coalesce  gradually  in  great 
numbers,  and  finally  form  large,  motile,  naked  protoplasm -masses,  the  Plasmodia,  which 
only  at  a  subsequent  period  are  transformed  into  a  number  of  cells. 

In  the  cases  hitherto  considered  the  uniting  protoplasm- masses  are  of  equal  size ; 
the  process  of  fertilisation  in  many  Cryptogams  differs  from  them  only  in  the  fact 
that  the  two  protoplasm -masses  which  coalesce  are  of  unequal  size,  and  otherwise 
of  different  properties.  In  Book  II.  we  shall  treat  in  detail  of  the  reproduction  of 
Cryptogams;  here  we  need  only  state  that  the  male  fertilising  bodies  (antherozoids) 
of  Cryptogams  are  usually  motile  naked  protoplasm -masses,  that  is,  primordial  cells ;  the 
female  organ  of  these  plants  usually  opens  outwardly,  and  _coiitalns  a  primordial  cell 


(oosphere)  which  is  fertilised  by  the  antherozoids.  In  cases  which  have  been  accurately 
observed  ((Edogonium,  Faucberia)  these  coalesce  with  the  former,  and  the  new  cell 
results  from  this  coalescence.  As  with  the  Conjugate  and  some  Fungi,  the  cell  formed 
in  this  manner  is  always  a  reproductive  cell ;  with  it  begins  the  growth  of  a  new 
individual  plant. 

3.  Free  Call-forEiation.— In  the  protoplasm  of  a  cell  new  centres  of  formation 
arise,  round  each  of  which  a  portion  of  the  protoplasm  collects,  and  forms  a  cell. 
A  portion  of  the  protoplasm  may  remain  and  represent  the  protoplasm-raass  of 
the  mother-cell  which  persists  for  a  longer  or  shorter  time.  [The  new  centres  of 
form.itioir  are  indicated  by  the  previous  appearance  of  nuclei  formed  by  the  repeated 
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bipartition  of  the  nucleus  or  nuclei  of  the  cell.]  Generally,  the  number  ot  diughter-eells 
which  arise  in  this  manner  is  considerable;  as  an  instance  may  be  mentioned  the 
formation  of  spores  in  Ascomycetes  (Pexixa'},  (Fig  7).  The  tubular  mother-cells  of 
the  spores  (asci)  (a)  are  at  first  densely  filled  with  protophsra,  and  contain  onlj  one 
small  nucleus.  [This  divide?  into  two,  and  this  proceis  is  repeated  until  eight  nuclei 
are  formed :]  the  protoplasm  becomes  frothy,  and  roundish  drops  of  sjp  inal.e  their 
appearance  in  it  (i,  c).  The  first  stage  in 
the  formation  of  the  spores  is  the  conden- 
sation of  the  protoplasm  in  the  upper  part 
of  the  ascus,  while  it  remains  frothy  in  the 
lower  part  (e,/).  In  this  case  eight  spores 
are  always  formed  in  each  ascus  within  the 
upper  dense  protoplasm ;  i.  e.  round  each  of 
the  eight  nuclei  an  ellipsoidal  protoplasm- 
mass  collects  {d} ;  each  consists  at  first  of 
coarse-grained  protoplasm  surrounded  by  a 
clear  space;  a  portion  of  fine-grained  pro- 
toplasm forms  the  matriit  in  ivhich  the 
spores  are  imbedded.  Afterwards  each 
spore  becomes  more  sharply  defined ;  the 
clear  space  disappears  (e) ;  its  substance 
becomes  more  fine-grained  and  clearer; 
and  in  one  of  its  foci  is  formed  a  vacuole, 
i.e.  a  transparent  drop  of  fluid.  Finally, 
each  spore  surrounds  itself  with  a  firm 
membrane,  the  vacuole  disappears,  and  in 
the  centre  is  formed  a  large  strongly  re- 
fractive oil-drop,  as  well  as  numerous 
smaller  ones. 

An  example  is  afforded  by  the  forma- 
tion of  the  oospheres'  of  ^  iify  {Fig  8) 
of  a  somewhat  differe  t  m  d  f  fr  ell- 
formation.  The  prot  plas  11  t  t  the 
end  of  a  hypha  or  of     b        If  the 

larger  end  itself  swell  p 
form  (A,  B),  and,  afte  th 
septum  (C),  becomes  d  p 

(the  oogonium).     [Num  m 

are  present   in  the  p     t  pi 
The  nuclei  multiply  b>  b  p 
whole    protoplasm    b      k 
three,  four,  or   more   p    t 
quietly  round  themsel  fl 

fectly  spherical   form      [ 
several  nuclei   are   uniformly  distributed.] 
The  parts  thus  formed  [e,  e  in  D)  contract 
greatly  during  their  separation,  and  their     inwiuchiierstiiffaiioiea, 
protoplasm   becomes  "denser  by  expulsion 

of  water ;  after  they  have  become  fertilised  by  the  antheridial  tubes  (a,  i  in  D), 
they  become  invested  with  a  cell-wall,  [and  the  nuclei  in  each  coalesce  to  constitute 
the  nucleus  of  the  oospore]. 
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This  form  of  free  eel  I -formation  is  distinguished  from  the  preceding  by  the  circum- 
stance that  the  whole  protoplasm  (and  not  a  part  only)  collects  round  several  centies. 
If  the  whole  protoplasm,  in  its  contraction,  were  to  form  only  one  mass,  which  some- 
times happens,  the  case  would  be  analogous  to  Rejuvenescence, 

There  occurs  also  in  Achlja  a  variation  of  this  process,  when  it  forms  its  swarm-cells 
or  zoogonidia  (Fig.  9).  The  protoplasm  in  the  club-shaped  swollen  end  of  a  hypha 
[contains  a  number  of  small  nuclei  which  multiply  by  bi parti tior ] ;  it  breaks  up 
into  a  large  number  of  small  portions  {A),  [each  including  a  nucleus,]  which  become 
completely  rounded  off  {a)  after  their  escape  from  the  cell  in  which  they  are  produced 


(B),  and  then  clothe  themselves  with  a  delicate  membrane,  which  they  abandon  ( 
when  their  movement  commerces  {e). 

4.  Formation  of  Keproductive  Cella  by  Diviaion  of  the  Mother-Cell. — In 
the  protoplasm  of  a  cell  new  nuclei  are  formed  by  division ;  round  each  of  these  a 
portion  of  the  protoplasm  collects  and  becomes  rounded  off  with  a  greater  or  less 
amount  of  contraction,  in  order  to  form  3  new  cell ;  in  this  manner  the  entire  proto- 
plasm of  the  motiier-cell  is  completely  used  up ;  its  cell-wall  alone  remains,  if  it  possess 
one,  which  is  not  always  the  case. 

The  formation  of  the  spores  of  Mosses  and  Vascular  Cryptogams,  and  of  the  pollen- 
grains  of  Phanerogams,  always  takes  place  by  the  division  of  the  mother-cell  into  four 
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arep    tdbp    tt  I     th      pe      Idt    I      f    ell-division, 

[The  first  stage  is,  in  all  ca        th     d  f  th  1  f  th     m  ther-cell  into 

two.     This  may  be  at  once  foil        d  by  th  It  ft  t       cell-wall  in 

the  plane  of  the  cell-plate  (see     /      Th     B  h  f    1      N     1        d        g  Division), 

as  in  the  development  of  the  poll      gr  f  n     t  RI  tyl  d  d     fthe  micro- 

spores of  Ijoetei ;  a  repetition  ot  th        p        ss  h    f  tl      tw     d     ght    -cells  leads 

to  the  formation  of  the  four  p  II      g  p  M  m         1    tl  e  cell-plate 

between  the  two  nuclei  underg  b    rpt  th     tw  1      tl         d     de,  and  the 

missing  cell-plates  are  reconstit  t  d         11  1  11  1  ly  formed  in 

the  cell-plates  so  as  to  divide  thptplmtf        pt  h         t         ga  nucleus, 

which  constitute  the  spores  or  th    p  II      g 

The  division  of  the  two  seco  d  ry         1      t  k      pi  t  se    (pollen-grains 

of  most  Monocotyledons)  in  on     pi  d  th     pi  t     ght       gl      t     that  of  the 

division  of  the   nucleus  of  the         th  11      A    th  It     f  th      th     f     ■  spores  or 

pollen-grains  formed  lie  in  one  pi  d  h  d  d  f    m     tl    y  said  to  be 

bilateral.    In  other  cases  (pollen  g  £D      t)l  d       ,   p  fj^^  m)  the  division 

of  each  secondary  nucleus  takes  place  in  a  plane  which  is  at  right  angles  to  that  of  the 
otlrer  and  to  that  of  the  nucleus  of  the  mother-cell ;  as  a  consequence  the  four  spores 
or  pollen-grains  do  not  lie  in  one  plane  but  are  arranged  tetrahedrally,  and  have  more- 
over a  somewhat  tetrahedral  form;  they  are  said  to  be  radial.  In  some  plants  the 
spores  or  pollen-grains  are  formed  sometimes  In  one  way  and  sometimes  in  the  other, 
and  are  therefore  either  bilateral  or  radial.  This  is  the  case,  for  instance,  in  Liverworts 
and  Mosses:  amongst  Ferns,  whereas  in  the  Hymen ophyilaceie  and  Cyatheacese  only 
radial  spores,have  as  yet  been  observed,  radial  spores  have  been  found  in  some  and 
bilatei*al  spores  in  others  of  the  genera  of  PolypodiacciC,  and  this  is  probably  also  the 
case  in  the  Schizsacete  and  Gleicheniaceic :  in  the  Marattiacere  and  in  Ophhglojsum 
radial  and  bilateral  spores  may  be  produced  in  the  same  sporangium  :  this  last  condition 
also  obtains  in  Psilotum  and  in  Lycopodium  Selago  and  inundatum:  finally,  these  two  . 
modes  of  the  development  of  the  pollen-grains  have  been  observed  by  Strasburger  in 
Allium  Moly  among  Monocotyledons.  • 

In  the  following  paragraphs  a  detailed  account  is  gi\en  of  the  coirse  of  de\elopment 
in  certain  cases  iliustratmg  the  two  modes  above  mentioned 

a.  No  c^tl-iuall  ii  produced  until  after  four  nuclei  ba-ne  been  formed  by  diiision  the 
resulting  cclti  are  arranged  teirahedrally  \ 

De'velnpmeHt  of  the  spores  of  Equtsetum  At  first  the  mother  cells  =wim  in  the  flu  d 
which  fills  the  cavity  of  the  sporangium,  in  groups  ot  two  or  four  together  (tig  10, 
a,h).  Each  mother-cell  consists  at  first  of  a  Hrge  sphercal  nucleus  (including  nu- 
cleoli), surrounded  bj  fine-grained  protoplism,  with  a  sharply  dchned  outhne,  but  is 
without  a  cell-wall  ^.  [The  first  indication  of  dii  ision  is  the  coalescence  of  the  granules 
in  the  nucleus  to  form  fibriUic ,  it  becomes  elongated  in  form,  aasum  ng  a  spindle  shape 
A       gg    g  t  f  g    nules  now  makes  its  appearance  in  the  equatorial  plane 

f  th      p   dl  t     t    g  the  n  iclear  disc     this  spl  ts  into  two  discoid  halves,  and 

e  pole   cf  the   nucleus  and  there  forms  a   new    nucleus 
n  les  now  appears  in  the  equatorial  plane  of  the  spindle, 
this  extends  quite  across  the  protoplasm  of  the  cell.    The 
w  nuclei  with  the  cell-plate  now  disappear,  and  then  the 
I  ne  the  two  nuclei  have  begun  to  divide  in  the  same  way 
planes  at  right  angles  to  each  other  and  to  that  of  the 
t  th      p    m  ry         leus.     Six  cell-plates   are  now  formed  between   the   four 
d  b       m  t  d  with  them  by  the  formation  of  fibrillK.     In  the   cell- 

II  1  se        11  formed  and  the  division  is  complete.     The  protoplasm 

f  th     y       g    P  ounds  itself  off,  and  its  nucleus  assumes  a  central  position 

[A        d    g       S  rasburger  {Inc.  cil.)  a  delicate  cell-wall  is  present.] 
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and  a  rounded  form.  The  e^t  tep  ^  the  bso  pton  f  the  cellul  se  wall  and  the 
setting  free  of  the  younj,  po  e  as  p  ord  dl  cells  \h  ch  soon  lee  me  clothed  v  th 
a  cell-wall.  This  cell-wali  bubseq  ently  becomes  dflerentated  u  a  nanner  wh  ch  is 
described  in  detail  on  paf;e  403 

In  other  cases  the  wall  ot  tl  e  mother  cell  presents    ngrow  hs  at  po  nts  correspond 

ing  to  the  lines  along  which  the  cellulose  wall    aretormed  mdth     conve)";  the  erroneous 

impression  that  the  wall  ot  the  mother  cell  grows  mwards  constricting  the  protoplasm 

d  d    g  p  A  good  example  of  this  case  is  afforded  by 

h  P  PS  Dicotyledons.     Fig.  it,  taken  from  TropKo/uOT 

IS  In     four  nuclei  are  present,  which  have  been  formed 

h  nn      d      nb  d  ab         w    h  ence  to  Equhetum :    they  are  connected  by 


fibrillae,  and  six  cell-plates  are  present  in  the  equatorial  planes  of  tlic  groups  of  fibrilte 
which  connect  the  nuclei.  The  wall  of  the  mother-cell  is  thickened,  especially  at  two 
parts  of  its  surface,  but  it  presents  no  ingrowths ;  but  now  (*)  g  tt  b  g  n  t  be 
formed  at  points  which  correspond  to  the  superficial  ends  of  the  ell  pi  t     {/  g  I  t) 

Their  growth  does  not,  however,  proceed  so  as  to  cause  the  c       tn  t  f  th     p     t 

plasm  Into  four  masses:  it  is  soon  arrested;   the  cell-walls  ar     1     m  d  It  n     usl> 

in  the  six  cell-plates  and  are  attached  externally  to  the  ingro  th  f  th  11  II  f 
the  mother-cell.     Later  each   mass  of  protoplasm  forms   a  p    pe     w  II  d 

itself,  which  is  the  wall  of  the  pollen-grain ;  the  thick  cell-wail        rr       d    g  th  e 

absorbed,  and  the  four  pollen-grains  are  set  frte.     (See  also  p.  55    ) 

i.  A  celi-ivalt  Is  farmed  qfier  each  nuclear  di-vis  ion  ;  the  reiul     g     11  i  b  ^  d 

either  tetrahedrolly  or  In  one  plane. 

This  mode  of  cell-division  closely  resembles  that  which  f  1.      pi  g  g 

tissue.     It  may  be  very  clearly  observed  in  the  formation  of  tl      poll      g  f  m     t 

Monocotyledons.     Fig.   12   shows  the   process   in  Funkia  a-uat        1      I  I 
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present  alith  ha^e  been  forned  b)  the  division  of  the  nucleus  ot  the  mother  cell 
The  ne\t  sta^e  la  that  represeDted  in  //  where  3  lamella  of  celluloie,  »hich  has  been 
formed  in  the  cell  plate  between  the  two  nuclei,  completely  divides  the  mother-cell 
Thckening  takes  place  at  the  junction  of  this  partition  wall  with  the  wall  of  the 
mother  cell  and  the  protoplasm  of  th^  two  daughter  cells  becomes  rounded  off  In 
jrthe  nicleus  of  each  daughter  cell  is  seen  to  hive  divided  into  two  sometimes  this 
dwisiondoes  not  taLe  place  n  one  of  the  cells  (^ )  \  cell  wall  is  now  formed  simul 
taneous!)  between  eich  pair  ot  nuclei  a  proper  cell  wall  is  subsequently  formed  round 
eich  miss  ot  protoplasm  the  thick  investing  cell  wills  undergo  ibsorption,  and  the 
pollen-grains  are  =et  free  ] 

7  he  four  canities  into  wh  ch  the  mother  cell  is  divided  in  the  development  of  spores 
and  pollen  grams  were  at  one  time  deiij, 
nated  the  Special  molhei -cells  cf  the 
poUen  grains  in  which  the  grams  them- 
selves were  formed  The  term  s  however 
because   the  tour  protoplasm- 

■   themselves  the  essentnl  parts- 

w  cell's    becoming  subsequently 

n  cell  walls     It  the  contents  of 

e*  are  termed  speciil  mother- 
e  identical  with  the  daughter 
cells,  i.e.  the  poilen-grains ;  if,  on  the  otl  er 
hand,  the  term  is  applied  to  the  wa  1  of 
the  cavities,  this  is  not  in  accordance  w  h 
the  present  cell-theory.  The  e  n  s  n 
fact  altogether  superfluous. 

c.  Cell-formation  by  Budding  and  Ah 
striction.  Among  Fungi  certain  k  nds  of 
reproductive  cells,  conidia,  stykspo  es  and 
basidiospores,  are  produced  by  small  art 
like  protuberances  on  a  mother  cell,  which 
then  swell  out  and  become  rounded.  The 
daughter-cell  thus  formed  retains  however 
at  first  its  connection  with  the  mother- 
cell  at  its  base,  the  contents  of  the  two 
being  connected  by  a  channel  through  this 

narrow  portion.  A  septum  is  eventually  jonm'ot  'p^^'a'i^aTr^'^  °*i^  "ii'rvRe"^\"S  ih^ 
formed  across  this  channel  which  spliis  iSj"iiiiito-"  h^  absmbed  w,  a- 1  u  1  has  bu  5  pr  to- 
into  two  lamellfe,  an^d  in  this  manner  the  rounded  oir 
separation  of  the  spore  from  its  mother- 
cell  is  effected.  The  production  of  these  spores  therefore  commences  bj  a  budding  and 
is  completed  by  division;  and  the  whole  process  ma>  be  termed  AbsiiicUon  It 
occurs  in  a  typical  form  in  the  reproduction  of  the  yeist  fungus  {Saccharom-,cti). 
A  wart-like  out-growth  from  which  several  spores  n  a>  be  abstncted  one  after  another 
is  called  a  Surigma ;  when  the  mother-cell  bears  several  stergmata  as  in  the  Basi- 
diomycetes,  it  is  termed  a  Baiidium.  Intermediate  processes  between  cell  torn  ation 
by  abstriction  and  ordinary  cell-division  occur  when  the  protuberince  is  broid  and 
the  diughter-cell  therefore  attached  to  the  mother  cell  b>  a  broid  ba'^e  and  separated 
from  it  by  a  broad  septum,  as  in  the  branching  ot  Ciadoplora  ( r  on  the  other  hand, 
when  the  terminal  portion  of  a  hypha  is  divided  by  septa  and  the  resulting  cells 
become  rounded  off  and  detached,  as  in  the  formation  ot  the  spores  of  C  topus, 
jEcidium,  and  other  Fungi.  [When  the  budding  cell  contains  a  single  nucleus  this 
probably  divides,  and  one  of  the  new  nuclei  goes  to  the  bud  when  the  cell  conti  ns 
several  nuclei  some  of  these  travel  into  the  bud.] 
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B.    Cell-formation  in  Growing  Organs:   Vegetative  Cell-formation. 
This  mode  of  celi-formation  consists  almost  invariably  in  the  bipartition  of  a  mother- 
cell;  there  is  no  or  scarcely  any  perceptible  rounding  off  or  contraction  of  the  dividing 
protoplasm ;  the  two  daughter-cells  entirely  occupy  the  place  of  the  mother-cell. 

r,  Ihe  partithn-'vjall  is  formed  gradually.  The  protoplasm  of  the  mother-cell  projects 
in  the  plane  of  division  as  a  circular  protuberance,  and  a  ridge  of  cellulose  is  formed 
in  it  which  linally  devolopes  into  a  complete  septum. 

A  clear  and  well-studied  example 
is  aiTorded  in  the  stouter  species  of 
the  gertJis  Sp'irogyra^.  In  order  to 
observe  the  divisions,  it  is  necessary 
to  place  filaments  that  are  in  active 
growth  in  very  dilute  alcohol  after 
midnight,  that  they  may  be  exam- 
ined by  day,  the  divisions  taking 
place  only  by  night.  Fig.  13  j1 
shows  a  living  cell  of  a  filament  of 
S.  longata  by  day ;  B\a  E  the  stages 
of  division  at  night;  the  protoplasm 
of  the  cells  is  contracted  by  the 
alcohol. 

[The  phenomena  of  division  fall 
into  two  groups  namely  those  which 
atlend  the  d  vision  of  the  nucleus, 
ind  those  which  are  connected  with 
the  ingrowth  of  the  partition  wall 
The  nucleus  ot  a  cell  nhich  is  abcut 
to  dvide  becomes  broader  assum 
ing  the  form  ot  i  biconcave  lens 
and  Its  nucleolus  breiks  up  into 
irregular  tranules  which  together 
with  iti  other  granular  contents 
beg  n  to  form  a  nueleir  diac  m  the 
equatornl  plane  K  delicate  stria 
tion  IS  now  apparent  in  what  is 
becoming  the  long  axis  ot  the  nu 
cleus  at  rifcht  angles  to  the  nuclear 
t  t  nuclear  spmdle  is  gradually  produced  The  nuclear  disc  splits 
Ij  ng     de  by  side  each  of  which  travels  to  the  corresponding  pole  of 

tw    n  w  nuclei  are  constituted  which  are  connected  I  y  fibrilli 

d      t        of  the  formation  of  the  partition- wall  is  the  accumulation  of 

b     t  th     middle  of  the  length  of  the  cell,  so  as  to  form  a  slight  annular 

t     th        p-cavity:   this  takes  place  about  the   same  time  as  the  first 

1  Within  this  protuberance  a  rim  of  cellulose  is  formed  which 

i  j,   before   it   the  spiral  chlorophyll-band  (Fig.   13,  E  and  C)  ■ 

phjil  b  nd   is   cut   through,  and   margins   of   the   ring  of  protoplasm 

ddl      o  as  to  form  a  plate,  to  which  the  fibrillie  connecting  the  two 

1         b         formed  in  the  meantime,  become  attached;   in  this  plate  the 

:h         11  I  "ie  wall  is  formed.     The  nucleus  of  each  ceU  now  travels  to 


Til      ca  h     fi        of  all  the  processes  of  cell-formation  that  was  accurately  cKan 

H.  von  Mohl  first  described  it  in   1835  in  C-xifirva  glomeraia.     Mohl,  Vermischle  Schiiflci 
Inhalts,  Tiibingen  1845  :  [Stiasburger,  Zellblldung  und  Zelllheilung,  1880.] 


ined: 
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its  centre,  and  the  protoplasm  surrounding  it  throws  out  psendopodia  which  attach 
themselves  to  the  chlorophyll-granules  in  the  green  ba.jid  and  suspend  the  nucleus  in 
the  sap-cavity.] 


2.  Tiv  partithn-ivall  ii  formed  all  at  on 
a  thin  membrane  of  cellulose  stretching  ac 
the  protoplasm-masses  of  the  two  daughtei 


f;  that  is,  when  first  visible  it  appears  as 
■OSS  the  whole  interior  of  the  mother-cell; 
-cells  lie  in  the  two  cavities 'of  the  mother- 


cell  thus  produced.    This  mode  of  cell-division  is  usual  and  perhaps  even  universal  in 
the  formation  of  tissues,  especially  in  the  ease  of  more  highly  organised  plants. 

[The  nucleus  divides,  and  between  the  two  new  nuclei  a  cell-plate  is  formed  in 
which  the  cellulose  wall  is  simultaneously  produced.]     (See  Figs.  14  and  15.) 

[Tie  Behaviour  of  the  Nucleus  during  Division.  The  general  rule  is  that  the  division 
of  a  cell  is  preceded  by  that  of  its  nucleus,  but  to  this  there  are  certain  exceptions. 
Strasburger  has  found  that,  in  the  mother-cells  of  the  spores  of  jlnthoceros  and  of  the 
macrospores  of  Isoetes,  the  protoplasm  divides  into  four  parts  before  the  nucleus  shows 
any  signs  of  division,  and  that  in  rare  instances  cells  of  Spirogjira  had  divided  without  any 
division  of  the  nucleus  having  taken  place. 

In  the  process  of  division  into  two  the  nucleus  usually  goes  through  a  series  of 
changes  which  are  designated  by  the  term  Karyokiaesii :  but  in  order  that  the  descrip- 
tion of  the  more  complicated  forms  of  karyokinesis  may  be  intelligible,  some  account 
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must  be  given  of  the  structure  of  the  nucleus  Id  a  state  of  rest '.  The  nucleus  consists 
of  a  ground-iubitance  which  is  homogenous,  but  sometimes  presents,  after  careful  pre- 
paration and  staining,  a  finely  punctuated  appearance :  it  is  denser  towards  the  periphery, 
and  thus  constitutes  a  sort  of  membrane  which  gives  to  the  nucleus  its  sharply-defined 
contour.  In  the  ground-substance  a  more  solid  substance  is  present  either  in  the  form 
of  granules,  the  larger  of  which  are  the  nuthoU,  or  in  the  form  of  fibrilliE  united  into 
a  network,  the  points  of  junction  of  the  fibrillse,  the  nodei,  being  somewhat  thickened. 
Since,  witen  the  tissue  is  carefully  stained  with  certain  colouring-matters,  the  granules 
or  the  network  become  coloured  more  readily  than  the  ground-substance  of  the  nucleus, 
Flemming  has  designated  the  former  cbrmnatin  and  the  latter  acbmmath. 


Win         ladfc              botttkpl        th 

d        p         t    a             ly 

gra     1       pp    ra           th     gr       1      th             1          t     f  n 
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t  g  th          th  th    fib  Use     f  th          i           t       L     h   h 

ha^     bee  m     f          rra  g 

th  m    1       p      11  1  t    th    1     g            t  th        w    I    g  t  d 

u  1          At  th     t        tl 

nu  1       h            11)  1    t  (St  asb    g     m    t        Sp    g_ 

d        d  th    m  th          11      t 
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corresponding  pole  along  the  hbrilla:  which  cause  the  stria 

Ur.^  r.f    .1,B  =.,.HI«     ^^A   P„.h 

then  constitutes  a  new  nucleus  at  the  pole.  The  few  librillie  which  now  connect  the 
two  nuclei  are  augmented  by  the  formation  of  new  ones,  and  the  whole  complex  of 
fibrillEE  assumes  the  form  of  a  biconvex  lens  and  extends  across  the  cell.  A  row  of 
granules  now  makes  its  appearance  in  the  equatorial  plane  of  the  fibrillic  consisting, 
according  to  Strasburger,  of  starch  or  of  a  substance  allied  to  starch  and  cellulose'; 
this  is  the  cell-plate,  and  in  this  the  cell-wall  is  simultaneously  formed.  If  the  complex 
of  fibrilliB  does  not  enteniJ  across  the  cell,  so  as  to  be  in  contact  with  both  its  lateral  walls, 
the  new  wall  is  formed  in  contact  with  one  lateral  wall,  and  the  complex  gradually  grows 
towards  the  other  wall  by  the  formation  of  new  libriliEc  in  which  additions  to  the  new  cell- 
wall  are  deposited.  The  new  wall  is  clothed  on  each  side  with  a  layer  of  protoplasm,  the 
nucleus  assumes  its  normal  position  in  the  cells,  and  the  process  of  division  is  complete. 

The  above  description  applies  to  the  most  complicated  form  of  karyokinesis,  as  it 
occurs  in  relation  to  the  development  of  the  reproductive  cells  and  to  the  reproductive 
processes  of  ihe  higher  plants.  In  the  cell-division  of  the  vegetative  organs  of  these 
plants  the  process  is  usually  simpler;  thus,  according  to  Schmitz,  in  the  meristematic 
cells  of  Phanerogams  the  nucleus  becomes  elongated,  the  ends  being  swollen  and  the 
middle  connecting  part  remaining  narrow  and  presenting  a  longitudinal  striation ;  the 
swollen  ends  become  defined  ^  new  nuclei,  and  a  cell-plate  appears  in  the  narrow 
portion  in  which  the  cell-wall  ii  soon  formed ;  the  narrow  portion  gradually  loses  its 
striated  appearance  and  assumes  the  appearance  of  the  cell-protoplasm.  In  the  cell- 
division  of  Spirogyra,  as  we  have  already  seen,  no  cell-plate  is  formed.  Strasburger 
draws  attention  to  the  fact  that  in  those  Thallophytes  (excluding  the  Characes)  in  which 
karyokinesis  has  been  observed,  the  cell-plate  is  not  formed,  as  in  the  higher  plants,  in  a 
complex  of  fibrilla;  which  connect  the  two  new  nuclei,  but  in  a  bridge  of  protoplasm 
which  connects  the  two  nuclei  and  extends  across  the  cell  in  the  plane  of  division.] 

•  [This  account  is  taken  from  the  above-quoted  work  of  Strasburger,  and  from  those  of  Schmit; 
(Sitzber.  d,  niederrheio.  Ges.  in  Bonn.  iSSo)  and  Flemming  (Arch.  f.  micr.  Aiiat.  vol.  i8)  ] 

'  [According  to  Schmilz  (loc.  cil.)  the  granules  in  ciueitiou  arc  mki-osomatn,  i.e.  constiluent 
elements  of  Ihe  protoplasm.] 
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Sect.  4.  The  Cell- Wall '. — The  substance  of  the  cell-wall  is  secreted  from 
the  protoplasm.  In  what  form  it  is  previously  contained  in  the  protoplasm  is  not 
yet  certainly  known.  The  substance  capable  of  forming  cell-wall  always  consists 
of  a  combination  of  water,  cellulose,  and  incombustible  materials  (ash-constituents), 
but  may  afterwards  undergo  further  chemical  changes. 

By  the  continual  secretion  from  the  protoplasm  of  the  substance  out  of  which 
the  cell-wall  is  formed,  ana-  its  intercalation  between  the  micella  (see  Bk.  III. 
Sect.  1)  of  the  cell-wall  already  in  existence,  this  grows  in  both  surface  and  thickness. 
The  mode  of  both  processes  of  growth  is  dependent  on  the  specific  nature  of  the 
cell,  and  on  the  function  which  it  has  to  fulfil  in  the  life  of  the  plant;  it  therefore 
varies  almost  infinitely.  Generally  the  surface-growth  first  preponderates,  afterwards 
that  in  thickness.  Neither  the  one  nor  the  other  is  uniform  over  all  points  of  a 
cell-wall ;  hence  each  cell  during  its  growth  also  changes  its  form.  The  growth  of 
a  cell-wall  continues  only  so  long  as  it  is  in  immediate  contact  on  its  inner  side 
with  protoplasm. 

The  want  of  uniformity  in  the  surface-growth  at  different  points  causes  cells 
which  are  at  first,  for  example,  spherical,  ovoid,  or  polyhedral,  to  become  subse- 
quently cylindrical,  conical,  tubular,  tabular,  bounded  by  waved  surfaces,  &c. 
The  want  of  uniformity  in  the  growth  in  thickness  usually  brings  about  a  sculpture 
of  the  surface  which  is  very  characteristic.  The  thickened  parts  may  project  either 
outwardly  or  inwardly.  The  former  occurs  commonly  m  the  surface  of  the  cell  wall 
which  is  exposed,  the  latter  in  the  p'^rtltlOn-l^aIls  of  adjommg  cells  The  thickenmgs 
which  project  outwards  may  take  the  form  of  knots,  humps,  spines,  or  ndges ,  but 
those  which  project  on  the  inside  are  much  more  \anous  In  this  cise  conical 
protuberances  occur  but  seldom ,  annular  ndges  or  spiral  bands  are  much  more 
common;  these  latter  may  be  united  m  a  reliLulite  manner,  so  that  the 
thin  interstices  are  polygonal;  or  the  thickened  part  of  the  wall  may  be  broader, 
and  the  thin  parts  then  appear  m  the  thick  wall  aa  fissures  or  roundish  pits  If 
the  wall  is  very  thick,  the  latter  become  channels,  which  pass  entire!)  or  partially 
through  the  wall.  Not  unfrequentlj  the  thm  portion  of  the  will  which  at  first 
closes  such  a  channel  on  the  outside  becomes  absorbed,  and  the  cell-wall  is  then 
perforated.  But  as,  when  contiguous  cells  are  united  into  a  tissue,  the  partition- 
wall  usually  becomes  thickened  in  the  same  manner  on  both  sides,  the  pits  and 
pit-canals  on  the  two  sides  meet,  and  the  intermediate  thm  jiortion  of  membrane 
(sooner  or  later)  becomes  absorbed ,  a  channel  thus  arises  uniting  two  cell  cavities 
(Bordered  Pits,  perforated  septa  of  vessels) 

During  the  increase  of  the  wall  both  m  surface  and  thickness  by  the  inter- 
calation of  new  substance  between  the  micellte  already  in  existence,  a  further 
interna!  structure  usually  becomes  \isible,  which  is  termed  Slrilificihon  and  S/tta- 
lion.  Both  are  the  result  of  a  different  regularly  alternating  distiibutiofi  of  water 
and  solid  material  in  the  cell-wall ,    at  every  point  water  is  combined  with  cellulose, 


■  H.  von  Mohl,  Veimischte  Schnften  bot  liihalts  Tubingen  1845  (numertus  memoirs)  — 
Sehacht,  Lehrbuch  der  Anaf.  und  Phys  der  (je»ai,h5e  iR;6  — Nagel  bitziin^ibeni-hte  dcr  Munch 
Akademie,  1864,  May  and  July.— Hofmeister  Die  Lehre  ^on  der  I flaniLUZcUe  Leipzig  1867 
Alflo  numerous  memoirs  in  the  Botanisi^he  Zeitung 
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but  111  diGerent  proportions,  porlions  ie=s  and  more  \iiteri  den=;er  ind  less  dense, 
alternate  Thus  in  ciery  cell  wall  ufticientlj  thick  a  sj'.tem  of  concentric  la>ers 
becomes  \isible  of  which  the  outermost  ind  mnermost  are  always  denser  while 
between  them  alternate  more  and  les<i  watery  lavers  The  stratification  is  visible 
on  the  transverse  and  long  tndinal  sections  of  the  cell  « all  the  stnation  on  the 
surface  as  well,  it  is  usuall}  most  e\ident  there  but  is  in  general  less  e-isily  seen 
than  the  stratification  it  depends  on  the  pre'ience  of  alternately  more  an  1  less  dense 
lajers  in  the  cell  wall  meeting  its  surfice  at  an  angle  Generally  two  such  systems 
of  hjers  maj  be  recogmsel  mutuallj  intersecting  one  another  There  are  thus 
altogether  three  '(jstems  of  lajers  present  in  a  cell  wall  one  concentnc  isith  the 
surface  and  two  vertical  or  oblique  to  it  mutuaily  intersecting  like  the  cleavage 
planes  of  a  crystal  sphtt  ng  m  three  directions  (Mageh)  and  just  as  this  cleavage 
IS  sometimes  more  evident  m  one  direction  sometimes  in  another,  so  is  it  also  with 
the  stratification  and  strntion 

Independently  of  this  internal  structure  chemical  changes  arise  m  the  cell  wall 
which  never  affect  the  whole  mis*;  uniformh    but  usualiv  mark  out  the  thickened 


cell  wall  mto  concentric  layers  differing  from  one  another  chemicall)  and  phy 
sically  These  chemical  changes  whch  are  always  attended  by  an  alteration  of 
physical  properties  are  very  \anous  but  can  conveniently  be  reduced  to  three 
categories  — Suhr  us  or  Cultcular  chang  L  "ruow:  h^wt  an!  Mucilagm  la 
chang  The  first  const  ts  in  the  chaige  of  the  oiter  layers  of  the  cell  wall  into 
an  e\tensble  very  elast  c  sibstance  whch  water  s  ui  able  or  nearly  so  to  penetrate 
or  cause  to  swell  as  the  outer  cell  wall  layer  of  the  ep  dermis  (cuticle)  and  of 
pollen  grajns  and  spores  an  1  cork  Ligmficalion  increases  the  hardne  s  of  the 
cell  wall  diminishes  (s  extens  bility  and  renders  it  more  easily  permeable  to  water 
without  considerable  swelling  The  coi  vers  on  nto  n  ucilage  renders  the  cell  wall 
capable  of  al  "lOrbing  great  quant  ties  of  water  so  as  to  increase  its  volume  and 
give  t  a  Kelatmous  consistence  In  the  dry  state  such  cell  wills  are  hard  brittle 
or  flexible  like  horn  as  the  cell  walls  of  manv  Al^K  the  so  called  intercellular 
substance  of  the  endosperm  of  Ceralonia  Sthqua  linseed  ani  quince  mucilage 
Several  of  these  changes  may  occur  simultaneously     n    a    cell  wall    so    that    for 
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instince    the  outer  lajers  become   wood*    anl  the  mntr  muc  laginous    as  m  the 
wood  cells  of  the  root  of  Phastolus 

Be&ides  tliese  changes  in  the  substance  of  the  cell  w^ll  \\h  ch  ire  not  unfre 
quently  correlated  with  peculiar  colourings  changes  m  its  chemico  physical  behiviour 
also  arise  from  the  interposition  between  its  micellie  of  considerable  quant  ties 
of  incombustible  substances  especially  !ime  and  sihca  If  the  deposition  of  these 
substances  take  place  in  sufficient  quantities  thej  remain  behind  ifter  tl  e  cotnbus 
tion  of  the  orgamc  groundwork  of  the  cell  wall  as  an  ash  skeleton 

fa)  Ihf  S  rface  groivth  causes  not  only  in  i  icrease  m  the  s  ze  of  the  cell  but  also 
changes  in  its  form  when  t  tikes  place  irreguHrly  at  diffeicnt  ponts  ot  the  circum 
lerence  Hence  cells  of  onginally  dissim  lar  form  may  become  sim  lar  by  unequal 
gro  vth  but  it  IS  much  more  common  tor  cells  originally  alik"  in  form  to  become 
entirely  unlike  This  is  most  usually  the  case  in  multicellular  organs  of  the  higher 
pHnts,  such  as  leaves  stems  and  roots  in  their  earliest  state  their  cells  are  often 
scarcely  distmguishable  from  one  another;  whereas  in  the  completely  developed  organ 
the  most  various  forms  are  juxtaposed  (Fig.  16).  It  is  only  rarely,  as  in  the  growth  of 
some  spores  and  pollen-grains,  that  the  surface-growth  is  so  uniform  that  the  original 
form  is  nearly  retained  even  after  considerable  increase  in  size  {e.g.  pollen  of 
Cticurbiia  and  Ahh(Fa).  But  even  in  these  cases  the  uniformity  is  only  temporary; 
for  the  pollen-grains  subsequently  emit  their  pollen-tubes,  or  the  spores  germinate,  in 
both  cases  by  the  local  growth  of  the  inner  layer  of  the  cell-wall.  This  also  shows 
at  the  same  time  that  the  surface-growth  of  a  cell-wall  may  be  very  different  at 
different  times ;  and  this  indeed  is  usually  the  case.  From  the  infinite  variety  of  the 
surface-growth  of  cell-walls,  it  is  convenient,  for  the  sake  of  arrangement,  to  reduce 
the  different  cases  to  classes,  and  to  bestow  names  upon  them'.  Thus  it  is  usual  to 
distinguish  between  Intercalary  and  apical  groiMth  of  the  ceU-tuaH.  Apical  growth  takes 
place  when  the  surface-growth  attains  a  maximum  at  any  one  spot  (by  interposition 
of  new  micellae  of  cellulose),  while  its  intensity  decreases  in  all  directions  from  it, 
and  at  a  definite  distance  reaches  a  minimum,  so  that  this  portion  of  the  cell-waU 
projects  as  a  point,  or  appears  as  the  rounded  apex  of  an  excrescence  or  of  a  cyhndrical 
tube,  as  in  hairs  or  filamentous  Alg^.  If  several  points  of  apical  growth  occur  in  a  cell 
which  was  originally  round,  it  may  become  star-shaped;  if  new  points  of  growth  are 
formed  behind  the  continuously  growing  end  of  a  tubular  cell,  it  branches,  as  in  many 
filamentous  Algae,  hyphse  of  Fungi,  Faucberia,  Bryopsii.  Hofmeister"  distinguishes  as 
a  peculiar  form  of  apical  growth  the  case  in  which  the  maximum  of  growth  is  localised 
li      ■  d    f         p  '  1  '    m      oc  he  line  of  intersection  of  two  curved 

ry  g         h  urs  in  a  typical  form  when  the  de- 

pos  w      b  d  of  the   cell-waU;   this  zone  extends, 

d  h     ec  alated  between  the  old  ones.     Very 

m  h         m  g     wth  in  the  whole  of  the  side-wall  of 

cub  al  mpie,  in  the  cells  of  Sp'irogyra,  and  the 

p  h  g         ng    oots       d  of  Phanerogams  (see  Fig.  1),     <Edo~ 

g    tun  pe  surface- growth  {Fig.  17).    Below  a 

p    m  -^  formed;   at  this  place  the  cell-wall 

p  ts  b  d  these  separate  from   one  another, 

b  m  d  w        B  lii)   formed   by  the   extension   of  the 

us  ^      A  h  h     n  w    one,  cell-division  follows ;  and,  since 


I  been  done  in  this  direi 
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this  is  repeated  many  times,  the  appearance  is  presented  which  is  figured  at  jf,  c  (the 
formation  of  a  so-called  cap  '). 

(b)  The  Growth  in  Tkicknejj  of  a  Cell-wall  is  usually  strictlj'  localised,  so  that  the  . 
thicker  parts  appear  as  very  abrupt  projections  on  the  thinner  parts  of  the  cell-wall, 
either  outside  or  inside.  The  general  effect  produced  by  the  sculpture  depends  on 
whether  the  thick  or  thin  portions  occupy  the  greater  extent  of  surface.  If  the  thicken- 
ing is  strongest  at  certain  points  only,  it  takes  the  form  of  knobs  or  spines  projecting 
outwardly  (Fig.  19)  or  inwardly  (Fig.  18,  C,  D)\  if  it  occurs  most  strongly  in  linear 
or  ribbon-shaped  portions  of  the  cell-wall,  projecting  ridges  or  bands  are  formed 
on  the  'nner  o  outer  s'de  Theae  r'dge  l"ke  p  oject'ons  mav  form  reticulate  figures 
(Fig.  18  B  F  g  o  /)  or  g  r  sp  al  bands  an  appeannce  especially  frequent  in 
certd  n  tl  ckened  t  sue  ells  If  the  r  ngs  or  spiral  bands 
h  ch  project  nwa  d  are  th  ck  and  fi  m,  and  the  inter- 
n  ed  ate  port  ns  of  cell  all  th  n  and  eisily  destructible, 
thee  th  cken  ngs  may  becone  detached  even  within  the 
plant  a  d  rema  n  ly  ng  as  olated  th  eads  of  cellulose  in 
cl  annels  of  the  t  s.ue  as  n  the  annular  vessels  in  the  fibro- 
scula  bundles  of  Equ  setaceie  Ma  ze  &.c. ;  but  the  spiral 
th  cken  ng  may  often  also  be  drawn  out  to  a  considerable 
length  as  olated  fibres  \  er)  str  k  ng  examples  are  found 
n  the  rach  of  the  nflo  escen  e  of  ft  lUJ  communii  and 
n  the  lea  es  oi  Agapa  h  If  the  th  ckening  aifects  the 
hole  surface  of  the  cell  ill  no  e  co  npletely,  the  small 
port  ons  nhch  ren  a  n  thn  w  II  appear  as  Pits  of  very 
ar  ous  outl  ne  e  tl  er  round  sh  or  fiss  re-like,  or,  when 
the  th  eke  ng  of  the  cell  vail  s  very  considerable,  as 
Canah  h  ch  perforate  them  Tl  cken  ngs  of  this  kind 
most  frequently  ifect  the  nne  s  de  of  the  cell-wall ;  the 
canals  thereto  e  n  n  f  om  tl  e  cavit)  of  the  cell  outwards, 
nd  a  e  the  e  closed  b)  a  tl  n  en  b  ane  ^,  When  the 
cell  loses  ts  p  otoplasn  and  d  es  th  s  membrane  is  m 
many  cases  dest  ov  d  and  he  p  t  or  the  canal  then  be- 
c  mes  open  a  for  n  ance  n  Sphagnum  and  m  many 
mood  cells  The  p  ts  e  pec  ally  m  elongated  cells,  are 
-     ,^1  generally  arranged    n    p  ral    o   s ;  but  in  other  eases  they 

«i  i  ^iQI  ai'e  pecuhaily  g  ouped  (F  g  2     A).    A  remarkably  strikmg 

form  IS  the  Siev   I  k    o    La         like  marking  ■■nhKh   occurs 
m  the  6(CTJ£  tubei  of  fibro- vascular  bundles,  generally  in  the 
septa,  but  il^o  in  the  side-walls.     In  the  simplest  case  the 
Fic  I  -intsicijii   surfM     o«ih  of    f""  spots  (pits)   are   densely  crowded,  only  separated  by 
tEJogi^imm  thicker  ridges,   and  polygonal  in  shape ;   they  very  often 

appear  as  sharplj  circumscribed  groups  of  numerous  dots. 
In  many  cases  the  thin  parts  of  such  an  area  become  ibwrbed,  and  the  protoplasmic 
contents  of  adjoining  cells  enter  into  communicition  through  these  narrow  channels. 
Sometimes  the  structure  of  these  Steve platei  (eg  m  Cucarbila  Pepo)  becomes,  when 
old,  very  peculiar  and  complicated,  from  furtlier  thickening  ind  swelling  of  the  thickened 

■  For  further  details  nf  these  somewhat  LOmplicafed  processes  see  Pringsheim,  Jahrbuch  fur 
wissen.  Bot  \ol  I  Hofmeister  Handbuch  der  phya  Bot  lol  I  p  154;  and  Nagefi  imd  Schwen- 
dener,  Das  MikrosLop  vnl   II   p  549 

'  Sometimes  strongly  thickened  cell-walls  with  branched  pit-canals  have  a  very  complicated 
strnctnre,  e.  g-.  in  the  hard  testa  of  Serthollitia.  (See  Millardet  in  Ann.  des  Sciences  Nat.,  fifth  series, 
vol.  VI.) 

'  CompareNageli,  UetjerdieSiebrohren  von  Cucurbila,'ui  the  Sitzungsheriehtederk.  bayerischen 
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One  form  of  internal  thickening  which  is  extremely  common  id  wood-cells  and 
vessels,  viz.  the  formation  of  Bordered  Fits ',  deserves  3  fuller  exposition. 

The  formation  of  Bordered  Pits  takes  place  as  follows.  When  the  cell-wall  begins 
to  thicken,  comparatively  large  spaces  remain  thin  (Fig.  aj,  (;  Fig.  24,  B,  t);  but,  as 
the  thickening  augments,  it  reaches  even  the  thin  spaces  of  the  wall  (Fig.  23,  a-e;  Fig, 
24,  C~F).  The  outline  of  the  thin  spaces  of  the  wall  in  the  wood  of  Piniu  lyliieslris 
appears  circular  on  a  front  view ;  the  edge  of  the  thickening-mass  which  arches  over 
it  grows  also  in  a  circular  manner,  and  gradually  contracts  the  opening;  thus  the  front 
view  of  such  a  pit  shows  two  concentric  circles,  the  larger  of  which  corresponds  to  the 
original  thin  space  (Fig,  ij, ;),  and  the  smaller  to  the  inner  edge  of  the  thickening 


(Fig.  2},  a-e;  Fig.  24,  C,  i))  Now  ^mce  this  process  takes  place  on  both  sides  of 
a  partition-wall  of  two  cells  a  lentii-ular  ^pace  \s  enclo-ied  by  the  two  overarchings, 
divided  in  the  middle  by  the  orij,mal  thm  cell  wall  (Fig  24,  F,  ie),  each  half  of  rhis 
pit-cavity  communicating  with  the  cell  cavity  bj  a  circular  opening.     When  the  wood- 

Akad.  der  Wissenschaften,  W  mchen  i«6i       On  the  actual  perforation  of  sieve-plates  see  Sachs 
in  Flora,  1863.  p.  68,  and  H^nstein    Die  N!ilch'iartfeef^i=e  Berlin  1864,  p.  23  et  seq. 

'  The  development  of  these  was  I    at  ic<,uritely  ret  i."i  «1  ^)  "n-hacht,  De  maciilis  in  plantarum 
va^s,  Sic,  Bonn  i860. 
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cells  lose  their  protoplasm  and  become  filled  with  air  and  water,  the  thin  cell-wall  dis- 
appears (as  in  Fig.  24,  E),  and  the  two  pits  form  a  single  cavity,  which  is  bounded 
by  the  over-arching  thickening- masses,  and  is  united  with  the  adjoining  cell-cavities 
by  a  circular  opening  (Fig,  24,  A,  D,  E).  In  Pinus  syl-vestris  the  pits  are  large  and 
distant  from  one  another,  and  the  whole  process  may  be  easily  traced  step  by  step. 

The  process  appears  somewhat  different  when  pits  lie  very  near  to  one  another, 
as  in  Pitted  Fesseh.  In  this  case  the  thickening  first  appears  in  the  form  of  a  net-wort, 
of  which  the  thin  parts  of  the  cell-wall  occupy  the  polygonal  meshes,  as  may  be  very 
easily  seen  in  young  Maize-roots,  for  instance.  Fig.  25,  A,  represents  a  portion  of  the 
side-wall  of  an  already  mature  vessel  ^  of  the  root-tuber  of  the  Dahlia.  The  ridges 
which  first  appear  on  the  cell-wall  are  indicated  at  a,  and  are  left  white;  they  enclose 
elliptical  spaces  pointed  at  both  ends.  As  the  thickening  continues,  the  free  edge  of 
each  ridge,  as  it  grows  further  inwards,  spreads,  and  becomes  arched  over  the  thin  parts 
of  the  cell-wall.  In  this  case,  however,  the  overarchings  do  not  grow  uniformly,  but 
in  such   a  manner  that  their  edges  form   at  length  a  narrow  fissure   (c,  in  J  and  S). 


H         Iso  wh      t         ml         II      dj  th    sam    p            t  k      pi  ce  on  both  sides 

fth     p    tt             II       d  i     t      1  p                 t          d  by  th                  hings ;   these  are 

t  first  b  se  t  d  by  th         g     I  th         li  w  11   wh   h     ft           Is  d  appears,  and  the 

t           il        tes          pli  t          t        hbodedpt;the  canal  or 

b    d      d  p  t      h    h         t      th  m  w  d          th     m  ddl          dp          nto  each  cell  by 

rr      fi          (F  g     5  S  C)  It          th       th      h     d            "^l    f  this  kind  adjoins 

p         hj      t            II  wh    h  Iw  y    f  11     t      p      d    I  sed,  the  thickening 

d               h    g     fth     ptoc  ly        th        d       f  th         ss  I  (F  g   26,  T),  the  thin 

p  rts    f  th        II      II                 g  t  ct         d  th    b    d      d  p  t      m   ns  closed ;   from 

'  For  the  definition  of  a  vessel  see  Chap.  ii. 

'  These  thin  pieces  of  cell-wall  which  close  up  bordered  pits  may,  by  rapid  surface  growth, 
form  bag-like  protrusions,  whieli  grow  through  the  pores  of  Ihe  pits  inlo  the  vessels,  spread  Ihem- 
selves  out  there,  becoiae  divided  by  septa,  and  thus  form  a  thin-walled  tissue,  which  not  unfre- 
qiienlly  fills  up  the  whole  of  the  cavity.  These  formations  are  known  under  the  name  of  'Tullen' 
or  '  Tylo«^5 1 '  they  are  abundantly  and  easily  seen,  for  instance,  in  old  roots  of  Cuciirbita,  and  in  the 
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the  Cell-cavity  of  the  vessel  a  narrow  fissure  (c)  opens  between  the  expanded  thickening- 
masses  (S)  into  a  wider  cavity,  which  is  hounded  on  the  sides  by  the' narrow  part  of  the 
tliickening-masses  {a),  on  the  outside  of  the  primary  cell-wall.     These  processes  can 

.  only  be  seen  in  sections  of  estraordinary  tenuity ;  but  these  are  easily  obtained  if  good- 
sized  pieces  of  the  parts  to  be  studied  are  allowed  to  lie  for  months  in  plenty  of 
absolute  alcohol,  taken  out  before  the  preparation  is  made,  and  the  alcohol  allowed  to 
evaporate;  in  this  manner  pieces  of  sufficient  hardness  are  obtained  to  cut  extremely 

,  well  with'a  very  sharp  knife. 


In, the  walls  of  scalariform  vessels,  which  are  developed  with  peculiar  beauty  in 
the  higher  Cryptogams,  the  bordered  pits  are  iissure-like ;  they  often  stretch  across 
the  partition-wall  of  two  adjoining  cells,  but  are  very  narrow  in  the  longitudinal 
direction.  In  Fig.  27,  A,  is  shown  the  lower  half  of  a  vessel  of  this  kind  with  fissure- 
like  pits,  separated  by  thicken ing-ra asses  like  rungs  of  a  ladder;  the  larger  white  spaces 


wood  of  Robinia  psii 
Zeitg.  1868,  pp.  l-ii 


.la.  &c.      [See  Joum 
;  idso  vifia.  Book  ii 


1x6;  and  Reess,  Bot. 
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are  the  gles  f 
begins  by  th  gro  Ih 
ridges  I  )  1  h  t 
angle  of  II       11      C 

pleteiy  d      1  p  d   th    th 
have  o  h  d    so  th  t 

still  furth  d    th 

adjoin!  g  Is         tl 


tgu  \L 


dg 


b  d  ( 
(B  d) 


t  db) 


be     f  1 


Th 


sc  1  iform  Ihictening 
is  1  (C  j'),  of  transverse 
h  h  Iways  lies  at  the 
1  se  t  on.  When  eom- 
I)  th  thicfeening-ridges 
b  t  een  their  margins ; 
t  r  cavities  of  two 
(B,  s) ;  the  frame- 


work ot  the  ladder  is  formed  of  peculiarly-shaped  rungs,  which  may  be  seen  in  B  at 
c  r  in  section,  at  e  in  front  view.  Where  the  wall  of  a  vessel  bounds  a  parenchymatous 
cell  {E),  the  scalariform  thickening  takes  place  only  on  one  side  of  the  vessel  {g),  and 
is  absent  from  the  other  side  (p).  In  this  case  also  the  thin  original  wall  remains, 
closing  externally  the  space  of  the  fissure-like  pit. 

The  variety  in  the  formation  of  pits  is  by  no  means  exhausted  by  these  examples; 
but  all  the  processes  cannot  be  described  here;  we  can  only  indicate  a  few. 


In  the  formation  of  vessels  in  the  Dahlia  [Fig.  25)  the  pit  occupies  at  first  a  large 
round  space,  while  the  edges  of  the  overarching  thickening  enclose  a  fissure.  By 
a  modification  of  this  process  of  growth  the  fissure  may  attain  a  length  much  greater 
than  the  diameter  of  the  pit,  which  then  appears,  on  a  front  view,  as  a  roundish  opening 
crossed  by  a  fissure  (Fig.  26,  F).  It  also  sometimes  happens  that  the  pit-fissure  changes 
its  direction  as  ihe  thickening  increases;  in  this  case,  on  a  front  \iew,  two  fissures 
appear  as  if  they  cross  one  another  (Fig.  28,  J  and  B,  it).  But  in  order  to  be  certain 
that  this  takes  place  within  the  layers  of  the  wall  of  a  single  cell,  the  celis  must  be 
isolated  by  maceration.  Similar  appearances  are  also  often  seen  if  the  partition-wall 
of  two  cells  is  observed  from  the  front.     If  the  fissure  inclines  to  the  left  in  the  one 
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cell,  the  corresponding  fissure  may  incline  to  the  right  in  the  other ;  viewed  one  over 
the  other  they  then  appear  crossed  '^. 

In  cells  which  form  a  tissue,  the  partition-wall  is  always  at  first  a  very  thin  lamella; 
as  the  thickness  increases,  the  thickening-masses  project  into  the  adjoining  cell-cavities. 
Generally,  as  we  have  already  seen,  the  thickenings  on  either  side  of  a  partition -wall 
correspond;   and  this  is  very  evident  in  the  formation  of  pits,  inasmuch  as  the  pit- 


■  a  cell  often  adjoins   cells  of 
'  cell  may  show  different  forms 


canals  of  adjoining  cells  meet  one   another, 
a  very  different   character,  different  sides  of  the  sar 
of  thickening  and  different  descriptions  of  pits.  The 
total  growth  in  thickness  may  also  be  very  different 
on  different  sides ;  thu    f         t  p  d    m  I     II 

are  mostly  strongly  th    k       d        th        t  P      d 

wall  (cuticle);    the  in  II       h         th  y     dj 

parenchymatous  ceils,  h      g     th  ry  th 

responding  in  form  to  th  t    f  th     dj         g     II 

The  correspondence        th     growth     f  th    thi  k 
enings  is  less  evident     h       th  y  h  d  t      tly 

spiral  structure,  or  wh      th  y  th     f 

of  strong  spiral  band      as  pi  If 

this  case,  in  each  adjo       g      U  m  P  ral 

hands  wind  In  the  sam    d       t         th  y  ra  -it 
sarily  cross  on  the  comm      p  rt  t       w  1! 

(c)  Stratification   and   S  f   I     Cell  w  It 

When  the  cell-walls  have  attained  a  certam  thick- 
ness and  extent  of  surface,  stratification  and  stria- 
tion  become  more  or  less  evident.  In  consequence 
of  stratification  the  cell-wail  appears  as  if  composed 
of  very  thin  membranes  enclosed  one  within  another 
and  fitting  very  closely  together ;  the  stratification 
is  seen  both  in  the  transverse  and  the  longitudinal 
section  of  the  cell-wall.  The  striation  is  generally 
to  be  seen  most  plainly  from  the  front ;  it  may  be 
observed  in  the  form  of  two  systems  of  lines  (some- 
times apparently  more)  marked  on  the  surface.  The 
one  system,  consisting   of  parallel   stris  Iw  > 

intersected  by  the  other  system  which  al  n     t 

of  parallel  striie.     A  closer  investigation    h         th  t 
the  appearance  of  striation  does  not  bel    g  t    th 
surface  only  or  to  one  layer  of  the  cell  w  11   b  t      iiiaiiiierj.^iuUf  ofaT«sei,  uuutcdbyschuiM'i 
that  the  striation  rather  penetrates  the  nh  I    th    k  "Va^'i^f^'^^,^^''^a^B^ 

ness  of  the  cell-wall,  and  that  the  stri^  are  due  to  ajSwT'io™^'^  »^  ri^'°™^°^^( 

layers  which  intersect  the  surface  obliquely,  and  all      ihe  ™aii  of  uie  vMsds  iroini.icii'i>ii  tcTcnitai 
other  layers  concentric  with  it.     If  the  striation  is      naiitpf  a«ssei!  D'us-enicsTsMioB;  c'^SJS 
very  strongly  marked,  and   nearly  parallel  to  the       ^u^n'T^ii*S°'^t^h'kkS^!riSe«  "f"iS 
longer  axis  of  the  cell.  It  may  be  recognised  in  a       vbmiixsk.). 
transverse  section  in  the  form  of  lines  crossing  the 

concentric  layers ;   in  a  longitudinal  section  only  those  systems  of  striation  are  easily 
seen  which,  viewed  on  the  surface,  cut  the  longer  axis  nearly  at  right  angles. 

'  A  representation  of  a  twisted  pit-canal,  whose  outer  and  inner  fissure  (within  the  same  cell- 
wall)  cross,  may  be  seen  in  Nageli,  Betichte  dec  Miinchener  Akademie,  i86y  (July  9),  t.  v.  fig.  45, 

"  H.  von  Mohl,  Bot.  Zeitg.  1858,  pp.  i,  9.— Nageli,  Ueber  den  iniieren  Bau  der  vegetabilischen 
Zellenmembran,  in  the  SitzuoEsberichte  der  Miinchener  Akad.  der  Wissenschaften,  1864,  May  and 
July. — Hofmeiiter,  Lehre  von  der  Pflanienzelle,  p,  197. 
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Ej-yt        Ittfit  tt  tflyrsfblthkssd 

f  d  ff        t      f ra  t       p  th  t  t       gly      f      t        ]  y  t         Iw  y 

It       t         th       1        t      gly      f     t  Th     d  ff  f      f     t  It 

fmdfftdtbt  ft  dfldptl  hllllthl 

t       gly      f      t        1  y  t         m         w  t  d   I  11  1  d  th      f 

I  ss  d  th    m  gly     f     t  d  d  I  >  t       I  t         dm 

11  1  H  t    t  fi  d    t     t         t  th       11       1!  d  ^pp       b  th     h 

mpl  t  ly    hm      (  d        d     Is        h        t    bso  b  h        t         b      us  th     first 

aseth  tjlyrs  Idtth  dt  fthls.        t>  a, 

tl     latt  h    1  ss       t    y  b      m       m  I      t     th      th  O     th      th      h    d 

tfi  d  tbm  t  p  ht  hptlppo 

t  t       t  th         11       11  th      ]  ff  b  t  th    d  d    h         t    y  1  > 

gr    test.    I     m    J  th      nay  b    b      gl  t    b     t  b)    dd  t         t       d  Ik  I 


which  occasion  a  moderate  swelling.  But  if  the  dense  layers  are  very  dense,  and  the 
others  very  watery,  as  is  the  case  with  some  wood-cells  {e.g.  Pimii  lyliKstrh),  the  stria- 
tion  becomes  more  evident  through  desiccation,  because  this  brings  out  the  dense  layers 
and  effaces  the  less  dense  ones. 

The  systems  of  striation  and  stratification  of  a  cell-wall  intersect  one  another,  like 
the  cleavage-planes  of  a  crystal  splitting  in  three  directions.  But  since  the  striation  and 
stratification  are  produced  by  layers  of  a  measurable  thickness,  composed  of  alternately 
denser  and  less  dense  substance,  the  cell-wall  appears  to  he  composed  of  parallelopipedal 
pieces,  distinguished  from  one  another  by  the  proportion  of  water  contained  in  them. 
If  we  for  a  moment  disregard  the  stratification,  and  assume  that  we  have  two  inter- 
secting systems  of  striation;  then,  where  two  dense  strJK  intersect,  the  densest  or  least 
watery  places  are  always  to  be  found;  where  two  watery  ones  intersect,  the  least  dense 
or  most  watery,  and  where  places  of  greater  and  less  density  intersect,  areola:  of  inter- 
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mediate  denaty  are  found.     The  inters     t    g     y  t  f    t     t  t  ±  p 

which  stand  vertically  or  obliquely  upon  th         t  f  th       II       11      If  th  t 

stratification  is  very  strongly  developed,  e)  fthsepnmistb         tpt 

more  and  less  dense  sections  parallel  wth         bsefth  t         ttfit 

feebly   developed,  the  prismatic   structu       m  y  p    d  t         Th     pi  t  m  1 

structure  of  the  epispore  of  Rhizocarpex  (tS3P       )         dthytm  us 

structure  of  Che  extine  of  many  poUen-g  m  y  pe  h  ps  b      esol  ed  i  t       furth 

development  of  this  kind  of  process ;   b  t  p 

does  not  permit  us  to  pursue  this  quest  d  t  il 

The  layers  which  produce  the  external  pp 
of  striation  may  possess  the  form  of  dosed  rings,  i.e. 
may  be  similar  to  thin  sections  of  the  cell,  or  may 
run  in  a  spiral  manner  round  the  axis  of  the  cell,  A 
distinction  must  accordingly  be  drawn  between  annular 
and  spiral  striation ;  It  is  often,  however,  very  difficult 
to  decide  which  of  the  two  is  present ;  sometimes  both 
are  developed  at  different  parts  of  the  same  cetl-wali. 
Sometimes  one  system  of  striation  is  very  obscure,  the 
other  all  the  more  strongly  marked ;  or  one  system  may 
be  the  better  developed  in  one  layer  of  the  cell-wall, 
the  other  system  in  another  layer;  and  this  is  genetically 
connected  with  the  above-mentioned  twisting  of  the 
pit-fissures.  The  striation  is  mostly  clearest  in  cells 
with  broad  uniform  thickening-surfaces,  as  Valenia 
utricularh,  hairs  ofOfiuntia,  pith-cells  of  the  root-tubers 
of  the  Dihlia  (in  the  latter  case  remarkably  plain) ;  but 
it  may  also  be  recognised  when  the  sculpture  of  the 
cell-wall  is  complicated ;  e.  g.  in  the  walls  of  very  wide 
vessels  of  Cucurbita  Pepo  provided  with  densely  crowded 
small  bordered  pits  (after  Schulze's  maceration,  espe- 
cially in  vessels  of  the  root,  where  the  crossed  spiral 
striation  is  very  clear).  The  striation  may  itself  give 
occasion  to  differences  of  elevation ;  sometimes  the 
denser  layers  project  a  little  on  the  inner  side  of  the 
cell-wall  (Fig.  3*  S)\  or  individual  denser  layers  of  one 
system  of  striation  alone  become  prominent;  thus,  for 
instance,  a  fine  spiral  band  makes  its  appearance  on 
the  inner  sides  of  the  wood-cells  of  the  Yew,  which  is 
not  unfrequently  crossed  by  one  running  in  the  opposite 
direction.  When  elongated  iissure-like  pits  are  ar- 
ranged in  spiral  lines  on  the  cell-wall,  a  system  of  stria-  siruiionscimsic,  Jfront'vie 
tion  is  generally  found  in  a  corresponding  direction.  ™i^'fe?™S}M™i,^tjon 

This  slight  sketch  must  suffice  to  explain  the  nature       '""■ 
of  stratification  and  striation,  and  their  relation  to  the 

sculpture  of  the  cell-wall;  further  detail  would  exceed  the  limits  of  this  work', 
(d)  Inti/iJiuceftion  lite  came  of  growth  of  the  Cell-ivall  in  surface  and  thicknt 


'  See  also  Book  II,  RhizocarpeBe. 

'  The  Etriation  may  easily  be  seen,  even  with  slight  magnifying  power,  on  the  large  pith-cells  of 
the  root-tubers  of  Dahlia,  on  the  hairs  of  Opunlla,  and  on  Valonia  utricalaris,  but  only  with  very  high 
magnifying  power  on  isolated  wood-eells  of  Pinus,  bast-fibres,  &c. ;  one  of  the  examples  longest 
known  are  the  bast-cells  of  Apocynacere  possessed  of  alternate  dilatations  and  constrictions.  (Mohl, 
Veget,  Zelle,  Fig.  27.) 
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surface-growth  of  the  cell-wall  can  be  regarded  only  as  an  intercalation,  between  its 
already  existing  particles,  of  new  particles  which  force  the  old  ones  asunder.  It  is  very 
probable  that  the  stviation  has  a  genetic  connection  with  this  process,  similar  to  that 
which  Nageli  has  shown  to  exist  between  the  stratification  of  starch-grains  and  their 
growth.  It  was  long  thought  that  the  growth  in  thickness  of  the  cell-wall  arose  from 
the  repeated  deposition  of  new  concentric  layers  on  its  inner  side ;  in  which  case  the 
innermost  layer  would  always  be  the  youngest.  This  appeared  to  be  an  extremely 
simple  explanation  of  the  stratiiication  of  the  cell-wall ;  and  the  chemical  differentiation 
of  thick  cell-walls  appeared  entirely  to  support  this  idea.  But  the  increased  powers  of 
the  microscope  revealed  a  fact  quite  fatal  to  the  theory  of  apposition ;  the  stratification 
of  thickened  cell-walls  was  shown,  as  we  have  seen,  to  be  not  a  contiguity  of  similar,  but 
an  alternation  of  dissimilar,  layers.     For  reasons  which  cannot  here  be  d 


be  concluded  that  these  alternate  deposits  of  more  and  less  watery  layers  must  be  the 
result  not  of  an  apposition,  but  of  an  internal  differentiation  of  the  cell-wall  already 
formed.  The  fact  Is  decisive,  that  on  the  inner  side  of  every  cell-wall  there  always  lies 
a  dense  layer  containing  but  little  water;  if  growth  in  thickness  took  place  by  successive 
deposition  of  layers,  the  innermost  and  youngest  layer  would  be  alternately  more  and 
less  dense,  which  is  not  the  case.  The  growth  also  of  such  thickening-masses  as  project 
externally,  like  the  crests  and  spines  of  pollen  g  n  S.  a  only  be  explained  by  in- 
tussusception, not  by  apposition. 

Growth  by  intussusception  can  be  rej,  ded  onl)  a  the  d  ft  m  of  an  aqueous 
solution  from  the  protoplasm  between  the  n  lis  of  the  ell  w  II  What  this  solution 
is,  cannot  at  present  be  said  with  certainty  p  obabiy  t  conta  ns  ome  carbo-hydrate 
which  is  easily'transformed  into  cellulose  Th  b  tan  e  then  forms  between  the 
miceiliE  of  the  cell-wall  new  solid  micellEe  of  cellulose.  The  actual  process  of  growth, 
the  internal  structure  of  the  cell-wall  already  described,  and  certain  phenomena  which  it 
exhibits  with  polarised  light,  as  well  as  the  swelling  of  the  cell-wall,  lead  to  the  conclusion 
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that  it  consists  of  solid  micellEe  of  definite  form,  each  of  which  is  surrounded  hy  an  en- 
velope of  water,  and  is  thus  separated  from  the  adjoining  micellse ;  the  more  watery  a 
cell- wall-layer,  the  smaller,  according  to  the  principles  laid  down  by  Nageli ',  are  the  solid 
mieellic,  the  more  numerous  and  the  thicter  their  aqueous  envelopes.  From  this  it 
follows  that  a  certain  quantity  of  water  is  as  indispensable  to  the  growth  and  to  the  in- 
ternal organisation  of  the  cell-wall  as  is  cellulose  itself.  This  water  may  be  designated 
zvater  of  organisation,  in  the  same  sense  as  we  speak  of  '  water  of  crystallisation;'  and  as 
the  latter  is  indispensable  to  the  formation  of  many  crystals,  so  is  the  former  to  the 
structure  of  the  cell-wall.  It  is  moreover,  as  we  shall  see,  a  peculiarity  of  all  organised 
structures  to  contain  this  water  of  organisation,  at  least  as  long  as  they  continue  to  grow, 
because  they  all  alike  grow  by  intussusception. 

From  what  has  been  said  it  will  easily  be  seen  that  the  concentric  formation  of 
layers  of  a  cell-wall  growing  by  intussusception  differs  essentially  from  the  repeated 


formation  of  a  cell-wall  round  one  and  the  same  protoplasm-mass ;  cell-watls  enclosed 
one  within  another  may  be  produced  in  this  manner;  but  these  cannot  be  considered  as 
layers  of  one  cell-wall  *.  Such  a  process  is  very  common  in  the  formation  of  the  pollen- 
grains  of  Phanerogams;  within  each  of  the  four  cells  formed  by  the  division  of  the 
mother-cell  the  protoplasm  forms  round  itself  a  new  cell-wall,  before  the  mother-cell- 
wall  has  disappeared  (Fig.  34). 

But  the  renewal  of  a  cell-wall  may  also  he  brought  about  by  the  internal  layers  of 
the  cell-wall  increasing  by  intussusception,  while  the  eiiternal  mass  of  layers  undei^oes  no 
further  growth.     Thus  the  cell-wall  of  spores  and  pollen-grains  originally  grows  as  a 

'  The  theory  of  the  growth  of  the  cell-wall  (as  of  all  organised  structures)  by  intussusception 
was  first  originated  by  NSgeli  in  his  great  work  on  Starch  (1S58).  Compure  also  Sachs,  Handbuch 
der  Expeiimental-physiologie  der  Piianzen,  §  114. 

'  [A  striking  instance  of  such  a  multilaminated  cellulose  envelope  is  afforded  in  the  remarkable 
organism  described  by  Archer  under  the  name  of  Chlamydomyxa,  Quart.  Jour.  Micr.  Sci,  i87£, 
P-  '29.] 
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whole,  increasing  by  intussusception ;  by  subsequent  internal  differentiation,  masses 
(shells)  of  layers  are  formed,  differing  in  their  cliemical  and  physical  properties ;  the 
outer  firm  cuticularised  shell  (exospore,  extine)  remains  unchanged,  and  is  thrown  off  as 
an  envelope,  while  an  inner  mass  of  layers  (endospore,  inline)  begins  a  new  growth  with 
the  germination  of  the  spores  or  the  development  of  the  pollen-tubes.  A  similar  process 
occurs  with  many  filamentous  Algse  (RivulariesE  and  Scytoneme^),  where  a  large  number 
of  cell-wali-layers  are  successively  formed  one  within  another,  while  from  time  to  time 
the  older  masses  of  layers  cease  to  increase,  and  are  broken  through  by  the  growing 
filament,  which  now  forms  new  cell-wall-layers  (see  Niigeli  und  Schwendener,  Das 
Mikroskop,  and  ed.,  p.  547).  It  need  scarcely  be  mentioned  that  these  facts  do  not 
contradict  the  theory  of  growth  by  intussusception,  but  only  correspond  to  particular 
modifications  in  the  life  of  the  cell. 


i^t^-! 


(e)  D'^erentiation  of  the  Cell-wall  inlo  Systems  qf  layers  {SMIj)  nvitb  differetii  chemical 
and  physical  properties. 

Very  young  and  thin  cell-walls,  while  still  in  rapid  growth,  as  also  many  older 
ones,  are  composed  throughout  their  whole  thickness  of  what  has  been  termed  pure 
cellulose;  i.e.  they  are  easily  permeable  by  water,  only  slightly  extensible  or  capable 
of  swelling,  very  elastic,  colourless,  and  soluble  in  sulphuric  acid;  with  iodine  and 
sulphuric  acid  they  assume  an  intense  blue  colour,  as  also  with  Schultz's  solution,  rarely 
with  solution  of  iodine  alone  (as  the  asci  of  Lichens).  Together  with  these  common 
properties,  they  may,  according  to  the  nature  of  the  cell,  possess  many  other  peculiar 
reactions.  Among  older  fully  developed  cells,  succulent  thin-walled  parenchymatous 
cells  of  the  higher  plants  behave  for  the  most  part  in  this  manner,  many  thick-walled 
cells  of  AlgK,  and — with  the  exception  of  the  blue  colour  produced  by  iodine  and 
sulphuric  acid,  and  by  Schultz's  solution— most  hyphse  of  Fungi  and  Lichens. 

With  more  strongly  thickened  cell-walls  (rarely  with  moderately  thin  ones,  as  some 
cork-cells),  whole  masses  of  layers  behave  in  a  different  manner  chemically  and  physically; 
in  consequence  of  this  the  cell-wall  is  at  once  seen  to  consist  of  two  or  more  Shells  ',  each 

'  It  is  desirable   to  employ  the    expression  'layers'  (Schichten)  only  in  the  sense  mentioned 
In  paragraph  (d),  where  it  implies  a  regularly  allernatitig  difierenqe  in  the  proportion  of  water. 
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of  which  may  again  exh  b  t      m 
case  of  exposed  cells  wh    h      q 
which  themselves  serve  as      p    t 
(of  greater  or  less  thi  I       )     f 
When  the   cells  are  dest      d  t     f 
masses  of  layers  becom    1  g    fid 
rarely  the  inner  ones,  are  t        f  n 
remains    unchanged    in      U    tl 
reactions,  while  the  sub        d     d 
lignified    shells   of  the    cell-wall 
may,    after    previous    treatment 
with  alkalies  or  with  nitric  acid, 
also  eshibit  these  reactions;  the 
layers  which  are  transformed  into 
■   mucilage  are  the  most  refractory. 

Some  of  the  morphological 
relations  here  treated  of  find 
their  explanation  only  when  we 
study  the  formation  of  tissues; 
but  I  cannot  here  discuss  the 
chemical  behaviour  of  the  cell- 
wall  ;  the  reactions  must  properly 
be  regarded  not  as  chemical  tests, 
but  only  as  the  means  of  recog- 
nising a  morphological  differen- 
tiation. The  description  of  some 
examples  will  be  sufficient  to  guide 
the  beginner. 

The  pollen  of  Thunbergia  alata 
(Fig.  36)  shows  that  the  different 
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dy  d  sc  b  d.     In  the 

po      (     r  of  those 

t  rmost  shell 

t  k  or  cuticle. 

d      11  )   the  outer 

d  th         ter  layers, 

1  y        f  the  cell-wall 

t        d    ceUulose 
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t      then  assumes  a  very  beautiful 
:  1         n  the  second  case  swells  a 

I  f  many  spores  {e.g.  Splragyra, 
pi  tely  separated  and   stripped 

I  p      both   shells,   however — cor- 

II  g     n — consist,   in   their   actual 
1       II  possessing  different  chemico- 


as  in  the  stiise;  another  term  mnst  be  employed  for  the  atractt 
ihe  expression  'shells'  l,Schalen)  appears  to  answer  the  purpose. 
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in  the  epidermal  cells  the  cuticulari'iition  either  affects  a  shell  of  the  outer  wall, 
or  it  attacks  the  iide  wall';  as  miy  be  well  seen  for  instance,  on  the  under-side  of 
the  leaf  leins  of  the  hollj  If  a  lerj"  thin  transverse  section  (Fig.jy,  A)  is  treated  with 
Schultz  s  solution  and  submitted  to  a  verj  high  magnifying  power  (800),  each  cell-wall 
of  the  epidermis,  appears  to  be  <.omposed  of  two  sht,lh  ot  which  the  inner  one,  which 
is  softer  and  more  capabi  of  swelling  (c)  becomes  dark  blu^,  while  the  outer  shell 
does  not  But  this  latter  shows  itselt  to  be  further  composed  of  two  chemically  different 
laj^rs,  an  inner  (i)  which  assumes  a  jellow  colour  and  penetrates  laterally  between 
the  cells  (i)  and  an  outer  one  which  remains  colourless  (a),  and  extends  continuously 
over  the  cells  (the  so  called  true  Cuticle)  Between  these  two  may  he  observed  yet 
another  boundary  zone  which  when  the  microscope  is  focussed  to  it,  passes  over  the 
field  of  view  like  a  shadow  The  inner  shell  which  assumes  the  bhie  colour,  as  well 
as  the  outer  cuticularised  ut  tante  arc  each  composed  of  a  system  of  layers.  In 
the  latter  moreover  the  radial  stria- 


tion  IS  more  evident,  as  is  shown 
ml'ii,  J7,  ji,  a,  A;  these  radial  lines 
are  not  as  was  formerly  thought, 
pores  but  are  the  transverse  sec- 
tions of  la>er»i  which,  in  a  front 
uew  of  the  cuticle  (Fig  57,  B,  1), 
appear  as  stri^,  and,  following  the 
leins  of  the  leaf  lengthways,  pass 
ler  the  septa  of  the  cells  [q). 
An  example  of  strongly  ilgnified 
cell  walls  split  up  into  three  shells 
occurs  m  the  dark-brown- walled 
sclerenchymatous  cells  which  com- 
pose the  firm  bands  between  the 
iihro  vascular  bundles  in  the  stem 
of  Pteris  aquUina  (Fig.  ;8).  The 
lery  thick  wall  between  two  cells 
c<ntains  a  hard,  dart-brown  lamella 
fa)  in  the  centre  of  the  double  cell- 
wall-  this  is  followed  on  each  side 
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a8,  p.  j8);   the  two  other  shells  of  the  cell-wall  (i 

maceration,   except  that  they  lose  their  colour;    adh  thhil  h  t 

be  composed  of  different  layers,  some  more  and  soi      1  ss       t    y  (F  g     8   C     )      Th 
three  shells  also  show  a  different  behaviour  on  treatm    t      th  t    t  d      \\h 

acid;  a  becomes  a  dark  reddish  brown  and  does  n  t         II  ly    I  ghtly     b         11 

in  the  radial   direction  and  becomes   thicker;  whil  11  th         d    1  t     g     t    1 

and  longitudinal  directions  (see  Fig.  38,  C,  c,  and  D     )  t  rse        t  b      ks 

away  from  b  and  curves  in  a  vermiform  manner  (C)  1     git  d      1  =e  t  t       b     t 

in  a  wavy  manner  (D), 

In  true  wood-cells,  e.g.  in  Finus  syl-veitris  (Fig.  24,  A,  p.  25),  three  shells  are  likewise 
generally  to  be  distinguished ;  one  in  the  centre  of  the  double  cell-wall  {A,  m),  nest 
3  thicker  one  (a),  and  then  an  innermost  (i) ;  the  two  first  turn  yellow  on  treatment  with 
solution  of  iodine  or  iodine  and  sulphuric  acid,  the  innermost  blue  with  the  latter 
reagent ;  «  and  i  are  dissolved  by  concentrated  sulphuric  acid,  while  the  central  lamella 
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OT  remains.  Here  also  the  possibility  of  isolrting  the  cell  depends  on  the  circumstance 
that  the  central  lamella  m  may  be  dissolved  by  boibng  in  nitric  acid  with  potassium 
chlorate;  and  thus  the  walls  of  the  isolated  cells  consist  tnlj  of  the  two  mner  shells. 
In  many  wood-cells  (the  'Liiriform  Fibw'  of  Sanio)  the  mner  thictenmg-ia)ers 
form  a  shell  of  cartilaginous  or  gelatinous  consistence,  as  in  the  wood  of  many 
Papilionacese. 

When  the  outermost  layers  of  the  walls  of  cells  whith  are  combined  into  t^sues 
become  gelatinous  or  mucilaginous,  their  boundary-line  disappears  and  the  cells, 
enclosed  by  the  inner  shell  which  is  not  muciKginous  ippear  to  be  imbedded  in  a 
homogeneous  jelly ;  this  appearance  gave  rise  to  the  theory  of  '  In tei  cellular  Sub- 
stance,' to  which  we  shall  recur.  This  behaMour  occurs  m  the  tissue  ot  some  FucaceK, 
and  also  in  the  endosperm  of  Ceratonia  Siliqua  {Fig   39)  >  cc  are  the  outer  layers  of  the 


wall  of  the  cells  a,  which  have  become  entirely  converted  into  mucilage  and  rendered 
indistinguishable,  their  innermost  system  of  layers  [b)  appearing  as  a  strongly  refractive 
shelL  In  the  dry  state  the  mucilaginous  mass  is  almost  horny ;  It  swells  up  strongly 
in  water  with  potash  solution;  with  iodine  and  sulphuric  acid  it  does  not  become 
coloured,  but  the  sharply  defined  inner  shell  *  turns  blue. 

In  isolated  cells  numerous  cell-wall- layers  may  also  form  a  mncilagiiious  shell 
which  is  most  beautifully  develop.'d  in  the  spores  of  PUuIariu  (Fig.  33,  p.  3^)  and 
Mariilea.  In  the  sporocarp  of  these  plants  arc  certain  masses  of  parenchyma,  the 
cell-walls  of  which  become  mucilaginous  on  the  inner  side;  when  dry  the  mucilaginous 
masses  are  lirm  and  homy,  but  can  absorb  so  much  water  that  they  increase  in  bulk 
several  hundred-fold,  and  burst  the  wall  of  the  sporocarp  (Boot  II.,  Rhizocarpes). 
A  similar  transformation  into  mucilage  of  inner  layers  rf  cell-wall,  while  an  outer, 
thin,  and  cuticularised  shell  resists,  occurs  with  linseed  and  quince-seed.  The  inner 
thickening-masses  of  the  epidermis  of  the  seed,  transformed  into  mucilf^e,  absorb  the 
surrounding  water,  swell  up  violentlyj  and,  bursting  the   cuticle  which  is  incapable 
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of  swelling,  appear,  in  the  presence  of  a  small  quantity  of  water,  as  a  hyaline  layer 
enveloping  the  seed ;  with  more  copious  addition  of  water  they  become  more  and  more 
diluted  into  thin  mucilage.  A  similar  process  occurs  in  some  other  seeds,  as  those 
of  Teeidatia  nudicaulii  and  Planlago  Psyllium,  in  the  seed-hairs  of  Ruellia,  and  the 
pericarp  of  Salvia.  Gum-tragacanth  consists  of  the  cells  of  the  pith  and  medullary 
rays  of  Astragalus  creticus,  A.  Iragacaatba,  and  other  species,  transformed  into  mucilage^. 
When  the  walls  of  these  cells  become  mucilaginous,  and  swell  up  on  copious  addition 
of  water,  they  force  themselves  through,  cracks  in  the  stem  as  viscid  masses,  and  dry 
up  on  the  outside  into  a  homy  substance  capable  of  swelling  in  water.  Vegetable 
mucilage  i.vn,  however,  arise  in  other  ways' 

(f)  Incomhaslible  Deposits  occur  in  every  cell-wall  The  presence  of  lime  and  silica 
can  bt  directly  proved,  and  it  can  scarcely  be  doubted  thit  potash,  soda,  magnesia, 
iron  sulphuric  aLid,  &c ,  also  occur  in  small  quantities ,  the  lime  wits  and  ailica 
increase  with  age  The  deposLlLon  may  take  place  in  two  wajs  Usually  onl)  ex- 
tremely small  pirticles  of  incombustible  lubstince  are  deposited  regularly  between 
the  molecules  of  the  organised  substance  of 
the  cell  wall,  ind  this  may  be  recognised  by 
the  ash  remaining  behmd  after  ignition  in 
the  form  ot  the  organised  cell  wall  {as  a 
skeleton)  But  lime  salts  may  also  be  con 
tamed  in  the  cell-wall  in  the  form  of  nu 
merous  very  small  crjstals,  they  then  lie 
imbedded  m  the  substance  ot  the  cell- 
wall  Itself,  sometimes  in  the  toiai  of 
'  growths  which  project  into  the  cell  cavitj 
(Cyjtohtbs) 

Skeletons  composed  of  a  substance'  soluble 
m  weak  acids  (generally  thought  to  be  lime) 
are  obtained  bv  combustion  of  very  thin 
layers  of  tissue  on  glass  or  platmum-fbil , 
Ihey  occur  so  generally  that  it  is  unneces 
'  \3scular  cells  1  obtained  m  the  case  of  Cucurbita 
Pepo,  beautiful  hme-skeletons  Silica  skeletons  are  obtained  most  abundjntlv  trom  epi 
dermal  cells  and  from  Diatom':;  but  sihciiied  cell  walls  occur  also  in  the  interior  of 
tissues,  as  in  the  leases  ot  Ficus  Stcomarus,  Fagus  syhatica,  Quercas  saber,  Deutzia  scabra, 
Pbragmites  commums ,  Ceraioma  Siliqua,  Magnolia  grandtjioia,  &c ,  according  to  Mohl' 
The  silicification  does  not  generally  affect  the  whole  thickness  of  the  cell-wall,  but 
only  an  outer  shell,  as,  for  instance,  in  the  case  of  epidermal  cells,  the  cuticulari^ed 
portion  only.  In  order  to  obtain  fine  skeletons,  it  is  necessary  prenously  to  soak  the 
removed  epidermis  or  thin  sections  of  it  in  nitric  or  hydrochloric  acid,  and  then  to 
burn  them  on  platinum  toil  I  have  found  another  method  much  more  convenient 
I  place  larger  pieces  of  the  tissue  (e  g  of  leaies  of  grass,  stems  of  Bqmsftum,  &c  )  on 
platinum-foil  in  a  large  drop  ot  concentrated  sulphunc  acid,  and  heat  over  the  flame. 


o  adduce i 


'  [H.vonMohl  Bot  Ze  Ig   1857  p  33,  Pharmaceit  T 

'  Compare  further  Fraik  Ueber  die  anatomisi-he  Bede 
bilischen  Schleime,  in  Jahrb.  fin  wisscii.  Bot.  vol.  \    ibSG 

'  The  salts  found  in  the  ash  are  pardy  productb  jf  Ci 
duced  by  the  combustion  of  salts  of  vegetable  ai-ils  E 
for  complete  combustion,  easily  volatile  chlorides  (jotassiui 
from  the  ash. 

•  H.  von  Mohl,  Ueber  das  Kieselslielet  lebciidt  Pfianze 
(ey. — Rosanoff,  Bot.  Zeitg.  1871,  n05.  44,  45. 


tung  uni  d  e  Eiitsti,hui  f,    Ic    \egetT 

nbuation  Carbonates  may  be  pro 
1  e  a  trong  red  hi.at  is  necessary 
or  sodium  chloiidi;)  maj  disappear 
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the  ma'^  immediately  turns  black  and  a  \Klent  formdtLon  ot  gis  klloi  the  heit 
must  be  continued  unt  I  only  tin,  pure  white  ash  reimui';  This  is  soon  etfected  by  this 
means  wlereas  other  i  ae  the  reduction  to  ^sh  is  generally  \ery  tedious  and  often 
does  not  afford  an  eitreli   coiou  Icis  ■iLeleton' 

Sf'-t  g  Protoplasm  and  Nucleus  — Now  that  the  significance  of  prcCo 
plasm  as  the  peculiir  liiing  essence  of  the  cell  has  been  sufficiently  brought  out 
we  need  onlj  -idd  what  is  absolutely  essei  inl  toth  a:,  re  pects  its  chemical  and 
physical  nature  and  its  tructuic  and  movements  Protoplasm  consists  of  a  com 
bination  of  (apparenilv  different)  albuminous  substances  (proteids)  with  iviter  and 
small  quantities  of  incombustible  materials  {asl )  In  most  cases  it  also  contains 
■\&  may  be  concluded  on  ph^sological  grounds  coisderable  quantities  of  other 
organic  compounds  Ijelon^ing  probably  to  the  series  of  carbo  hidrates  ind  oils 
These  admixtures  are  distribited  through  its  mass  m  an  \n\  sible  form  but  it 
not  unfrequenlly  includes  granules  of  starch  and  drips  of  oil  which  at  a 
subsequent  period  mtj  either  entirely  disappear  or  miy  increase  m  bulk  Verj 
commonl)  the  rapidlj  increasing  proto^ksm  in  itself  colourless  and  hjaline  is 
rendered  turbid  bj  numerous  small  j,ranules  cons  stmg  probabh  of  minute  drops 
of  oil  The  protoplasm  as  it  is  generally  met  w  th  ought  therefore  to  be  con 
sidered  as  true  protoplasm  with  var)ijig  admixtures  of  different  formative  materials 
(Mttaplasm.  of  Hinstein)  The  consistence  of  protoplasm  varies  greatlj  at  difterent 
times  and  under  ("ifferent  circumstances  e\en  in  the  same  protoplasm  mass  It 
ccmmonlj  appears  sofl  plastic  tough  inelastic  and  very  extensible  in  other 
cases  it  IS  more  gehtinous  sometimes  stiff  bnttle  (in  the  embrios  of  seeds  before 
germination)  but  lery  commonly  it  gnes  the  impression  of  being  a  fluid  All 
these  properties  depend  essentially  on  the  quantity  of  water  it  has  absorbed  But 
however  great  may  be  the  quantitj  of  water  and  its  consequent  similarity  to  a 
fluid  Iht  prolo/hsm  u  neiei l/idess  «s<.  r  2  flmi  even  the  mucilaginous  or  gelatinous 
conditons  of  other  bodies  can  only  be  verj  superficially  compared  with  it  For 
the  Jivng  and  life  g  ving  protoplasm  is  endowed  with  interna]  forces  and  as  the 
result  of  this  with  in  internal  and  external  variability  which  is  wanting  in  every 
o  her  known  structure  its  active  molecular  forces  cannot  in  short  be  compared 
with  tl  ose  of  an)  other  substance'  The  capacity  which  protoplasm  has  m 
consequence  of  the  forces  which  become  manifested  in  it  of  assuming  varjmg 
definite  external  forms  as  well  as  its  capacity  of  secreting  substances  of  different 
chemical  and  ph)eical  properties  accoriing  to  definite  laws  is  the  immediate  cause 
of  cell  formation  and  of  every  process  of  organ  c  life 


'  On  the  crystals  sometimes  deposited  in  the  cell-wall,  see  Sect.  1 1. 

=  H.  von  Mohl,  Bot.  Zekg.  1844,  p.  2;j,  and  1855,  p.  689  ;  [Ann.  des  Sci.  Nat.  iSsj,  vol.  VJI. 
P-  2S3]' — Unger,  Anatomie  und  Phyaiologie  der  Pflanzen  p  274.  i8i;ii  — Nageli  Pflinzenphysiol. 
Untersnchimgen,  Heft  I.  Ziirich.— Briicke,  Wiener  akad  Beticlile  p  408  U  seq  1861.— Mas 
Schultie,  Ueber  das  Protoplasma  der  Rhizopoden  dnd  Ptknzenzellen  Leipzig  1863  -De  Bary, 
Die  Mycetozoen,  Leipzig  1864. — Hofmeister,  Die  Lehre  von  der  Pflanzenzelle  Le  pzig  1867.— 
Hanstein,  Sitzungsberichte  der  niederrheinischen  Ce  ellschaft  111  B  nr     Dtc    ij    1S70 

'  For  further  details  on  this  point,  see  Book  III  1]  n  my  Hal  dbu  h  der  Lxperimciital- 
Pbysiologie  der  Pilanzen.  J  I16,  Leipzig  1865. 
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The  protcplism  5f  plants  when  in  a  state  tf  \jh!  ictivily  is  generallj  very 
watery  on  one  hand  it  etl  ibits  an  internal  difFerentntion  of  its  sibslance  into 
lajers  and  portions  diffenng  in  their  consistence  and  chemical  nature  on  the  other 
hind  it  assumes  definite  outhneb  and  becomes  bounded  bj  surfaces  of  determinate 
and  mostlj  very  v-inablc  form 

Ihe  interna!  differentiation  of  protoplasm  usually  manifests  itself  by  the 
formation  of  an  external  hyaline  firmer  but  lery  thin  layer  surrounding  the  inner 
mass  with  which  it  remams  in  the  most  intimate  contact  Every  portion  of  a 
protoplasm  mass  immediately  surrounis  itself  when  it  btcoraes  isolated  with 
such  a  skin  In  the  inter  or  a  quantit)  of  fluid  sap,  wheh  permeates  its 
substance  throughout  becomes  separated  in  the  form  of  drops  [Vtcuolts)  when 
the  protoplasm  is  contained  in  a  ^r"i«mg  cell  these  iicuoles  increase  as  the 
eel!  grows  and  the  protoplasm  mass  becomes  a  sac  filled  with  wattrj  sap 
One  of  the  most  common  interna!  differentiations  of  the  young  protoplasm 
misb  while  constituting  it  elf  a  scpa  ate  individuil  is  the  fcrmaton  of  the 
Auc/tus  The  substance  of  the  nucleus  is  at  first  indistmgmshable  from  the 
rest  of  the  protopUsm  and  its  formation  is  CBsenliallj  the  accumuhtion  of 
certain  particles  of  protoplasm  round  a  centre  vihich  la  also  usuallj  the  centre 
of  the  whole  protoplasm  mass  Once  formtd  the  nucleus — whose  chemical 
nature  as  far  as  observation  goes  is  altogether  similar  to  thit  of  the  protopUsm 
—becomes  more  sharply  defined  it  maj  itself  become  tnvdoped  in  a  skin, 
and  vacuole-)  and  granules  (the  ^uckoli)  may  become  separated  in  it  But  the 
nucleus  alwajs  remains  a  part  of  the  protcplasm  mass  it  is  always  imbedded  in 
it  very  commonlj  it  becomes  again  absorbed  after  a  short  existence  in  the 
protoplasm  f  ^  m  cells  which  divide  f re quenlh  see  p  14,  m  the  elongated  cells 
of  the  Charace'e  the  nucleus  disappears  altogether  whtn  the  circulating  motion  of 
the  protoplasm  begins  Another  verj  common  differentiation  of  the  substance 
of  the  protophsm  consists  in  portons  of  it  becoming  separated  n  a  definite 
form  and  assuming  a  green  colour  forming  the  CUmphxIl b  dies  which  hke  the 
nucleus  not  onlj  arise  out  of  the  protoplasm  but  alwajs  remam  portions  of  the 
protO]  hsm  mass  But  since  these  require  more  mmute  in\  estigation  the  nest 
section  will  be  devoted  to  them 

The  external  configuration  of  the  protoplasm  as  a  mass  of  defin  te  form  can 
be  reduced  to  two  cases  —either  all  its  most  minute  pirticles  group  themselves 
conccntricallv  round  a  common  centre  or  an  internal  motion  tike  pUce  which 
cau  es  thp  protoplasm  mass  to  become  elongated  in  some  one  directun  and 
disturbs  the  centripetal  arrangement  The  formei  occurs  commonlj  m  the  for 
mation  of  new  cells  the  Utter  during  their  growth 

The  movements  of  the  minute  particles  of  protoplasm  wliich  determine  its 
groupmg  and  configuration  diring  the  formation  and  growth  of  cells  are  generally 
so  slow  as  not  Co  be  vi  ible  even  when  subjected  to  a  verv  high  magnif)ing  power 
Much  quicker  movements  even  appeinng  rapid  under  a  very  high  magmfpng 
power  occur  m  cells  either  before  their  growth  as  m  swarm  cells  or  when  it 
IS  nt-a  1}  completed  Merely  having  regird  to  external  appearar  ce  the  following 
kinds  cf  movements  of  this  nature  may  be  distinguished  — 

(\)  Movements  of  naked  protoplasm  masses      (i)  Swimming  of  swarm  cells 
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and  antherozoids.  This  is  characterised  by  the  naked  protoplasm -mass — swarm-cell 
or  antherozoid — not  changing  its  external  form,  while  motile  vibratile  cilia,  which 
are  probably  slender  threads  of  protoplasm,  cause  lotation  round  the  longer  axis, 
and  at  the  same  time  a  progressive  motion  in  the  water.  {?)  Amcebotd movement ; — 
consisting  of  rapid  changes  in  the  external  shape  of  naked  protoplasmic  structures, 
Myxoamcebie  and  plasmodia,  which,  while  under  water  or  in  moisl  air  on  a 
firm  support,  creep  about  as  if  flowing,  extending,  and  contracting ;  while  within 
both  the  principal  mass  and  the  appendages  which  proceed  from  it  a  'streaming' 
m  t' 

(B)  M  t       f   h     I     t  pi    m        h       h        U      II      Th  m 

f        hptpl        m         fh       iihf        dlt,         p         y       d        t 

ro     Ij     ft      th     g      tl      f  th        11  h  d       tl  th        d     f         If 

(3)Th        mmt  Itghd         CZ/wh  hd  Ibd 

p  df  hp  Iptjlm  Itp  hh  Iph 

i  d     ft  h      rapl  t  1}  ih        p         tj      A  d   t      t  1 

bet  f    1  p  it  f    p    t  pi  d     1-  rag 

m  t     f  th        b  f     i     h  h  y  mi       d     ll     f    m  t        th 

ml  d  ft!p  11)  mrafdff  dt 

fthashh  h  1  ddpdt         h  dff  gpg 

f  th     th      ds       W  th      th  t  h         1  ur  ft  hi 

IP        t  f  th  t      f   th  I      d    f,        1  d  f 

pp     t   d  tl       i  1    d     th     d     I    th       11     f  1  d  h  gh 

pithh  mhp        plmdpbt       Ij  llq         lyfg        1 

S  th  It  d  ly  di  t  b      d  ph  P       H  W 

b     h  (4)  Th     t  R  I  i  ppl    d  t       h         ca  h  h        h  1 

m  f  p    t  pi  eji  1  11  y  It  Ik  pi  t 

t    If       d  1     g        h      th    g  d  g        1  t        d  Th 

m    w  t     pi  CI  w    f   //  t  h  i  ff}d     k         & 

{)Tlppl  t         t  d  himybdghdth 

lgdthddtltmpa.es  hi  b)tlm  hml 

1         h  1  p  es      h  f  1       g  P        plasm      w    d      h  m      1       g     t 

es  IJydff       tf  h  fdlp       plasm     b       h       f        rs  ly 

bpe  Iwhth  g  d         t  hsam  sedth  1 

fdtFtIg  asq  1  llrsffl  dh 

J  f  f     t         p        lly     !  k  1  h  P  f 

1         glgppl  bfhbep  ILlld  f        has  it 

Ipptbylg  d  fh  gt  bsob 

1        lylgq  yfl         gmtlh         fh        I  dh        hi 

b  mmhm  t  Iththgtlt  fd 

1     h  1   p  t  d  d  gl)  1  h  y    1!      us 

yllwb-nl  gfhpplmhh  t  hthtf 

hi  self      If  p       pi    m        firs  t  d        h  d    tl  es      f 

d  dbyw  Ipashl  dddts,esdpyll  1 

sa  d        I  1  1       p         ulph  dh  dwthpth       hem 

'  In  consequence  of  tbis  the  protoplasm  and  nncleus  are  colourless  even  when  (he  sap  is  coloured 
in  living  cells;  in  other  cases,  on  the  other  hand,  the  protoplasm  is  tinged  by  a  colouring  matter  soluble 
in  water  which  is  not  present  in  the  cell-sap,  as  in  Klorides  and  the  flowers  of  Conipojitx. 
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of  a  beautiful  dark  violet.  Protoplasm  containing  but  little  water  treated  with  a 
large  quantity  of  concentrated  sulphuric  acid  assumes  a  beautiful  rose-red  colour, 
without  at  first  changing  its  form ;  subsequently  this  colour  and  the  form  disappear 
together,  the  protoplasm  dissolving.  Dilute  potash  solution  (sometimes  also  ammonia 
solution)  dissolves  protoplasm,  or  at  least  destroys  its  fornn,  and  makes  it  homogeneously 
transparent.  If,  on  the  other  hand,  cells  with  protoplasm  of  characteristic  form  are 
placed  in  concentrated  potash  solution,  the  form  remains  for  weeks,  but  disappears 
immediately  on  addition  of  water.  All  these  reactions  are  collectively  characteristic  of 
true  albuminoids,  as  casein,  fibrin,  and  albumen ;  and  we  are  therefore  jusiified  in 
assuming  that  substances  of  this  kind  are  always  contained  in  protoplasm.  If  the 
protoplasm-sac  in  cells  with  much  sap  is  very  thin,  it  acquires  a  greater  power  of 
resistance  to  the  solvents.  In  another  respect  also  protoplasm  behaves  like  albuminoids. 
By  heating  very  watery  protoplasm  to  above  50°  C,  it  is  killed  and  becomes  turbid 
and  stiff,  as  if  coagulated ;  alcohol  and  dilute  mineral  acids  act  in  the  same  maimer. 
The  nucleus  behaves  towards  all  colouring  substances,  solvents,  and  coagulating  agents, 
in  the  same  manner  as  living  watery  protoplasm,  or  it  shows  itself  even  more  sensitive, 
especially  in  young  cells;  in  older  cells  however  it  is  acted  on  less  easily. 

At  the  base  of  all  protoplasmic  structures  there  probably  lies  a  SHb>:tance  which  is 
col  jurless,  homogeneous,  ■ind  not  usibly  granular,  to  which  alone  the  name  Protoplasm 
ought  perhipa  to  be  applied,  or  whch  ought  at  all  events  to  be  dis'inguished  as  the 
basil  ot  protoplasm  The  fine  granules  whch  are  so  often  ramgled  with  it  and 
whic  1  some  consider  in  essential  ingredient,  are  probablv  finely  divided  assimilated 
fooJ-materials,  which  undergo  a  further  chemical  metamorphosis  into  protoplasm  every 
intermednte  form  occurs  Irom  these  more  or  less  fine  granules  to  the  largest  which 
ma\  be  clearly  recognised  as  oil  and  starch  Homogeneous  protoplasm  destitute  of 
granules  is  found  in  the  cotjledons  of  dormant  embryos  of  Hdianthus,  and  m  the  first 
leaies  of  Pbaiealus  out  of  it  chlorophyll  is  subsequently  formed,  and  it  contains  but 
very  little  water,  but  the  extremely  watery  protoplasm  which  rotates  in  the  cells  of 
VaUisneria  IS  also  not  itself  granular,  nothing  but  nucleus  and  chlorophyll  granules 
can  be  recognised  in  it  In  the  development  of  the  spores  of  Ejuuelum  (Fig  10,  p  14) 
the  finer  granules  separate  repeatedly  from  the  homogeneous  protoplasm,  and  afterwards 
become  again  distributed  through  it.  But  in  some  cases  the  protoplasm  Is  so  loaded 
with  granular  and  coloured  materials,  that  the  colourless  hyaline  basis  can  no  longer  be 
distinguished;  as,  for  instance,  in  the  oospheres  of  Fucai  (Fig.  2,  p.  j),  the  zygospores 
of  Spirogyra  (Fig.  6,  p.  10),  and  in  many  spores  and  pollen-grains'.  In  the  reservoirs 
for  reserve-materials  contained  in  dry  seeds  {e.g.  the  cotyledons  of  peas  and  beans), 
the  protoplasm  itself  is  often  contracted  into  small  roundish  grains,  among  which  lie 
the  starch-grains. 

(b)    Skin,  Facmki,  Ma-vement^.      Naked  protoplasm-bodies,  as  the  plasmodia  of  the 


'^Hanstein  gives  to  the  substances  mingled  with  the  true  protoplasm,  and  which  undeigo  many 
transformations,  the  collective  name  of  Metaptasm     (Bot.  Zeitg.  1868.  p.  Ji°-) 

"  [The  recent  obsenations  of  Strasbui^er  differ  in  some  respects  from  what  is  stated  in  the 
text  Strasburger  recrjgnises  a  differentiation  of  protoplasm  into  two  layers,  which  may  be  termed' 
Ectoplasm  and  Endoplasm  reapeclnely  In  vegetable  cells  the  former  is  hyaline,  while  the 
chlorophyll  grams  are  imbedded  m  (he  latter  The  ectoplasm  does  not  however  consist  of  the 
mere  hjalme  basis  of  the  p  otoplasm  nor  is  it  identical  with  the  skin  which,  is  formed  on  a  free 
surface  when  exposed  bu  is  the  res  It  of  a  tiue  process  of  differentiation.  In  numerous  cases, 
though  not  universally  Strasburger  has  found  that  the  ectoplasm  presents  the  radial  striation 
referred  to  in  the  test,  and  sometimes  also  a  striation  parallel  with  the  surface.  In  the  swarm-cells 
of  Viiuchiria  treated  with  a  one  pec  cent  solution  of  osmic  acid,  he  found  that  this  striation  depended 
on  the  presence  in  the  ectoplasm  of  smiU  rods  of  denser,  imbedded  in  more  watery  protoplasm. 
Externilly  and  intemaLly  these  rods  ate  in  contact  wilh  a  delicate  continuous  layer  of  piotoplasm, 
and  the  cilia,  which  ate  more  slender  than  the  rods  and  about  twice  as  long,  arise  from  them.  In 
the  earliest  stage  the  cilia  ace  small  processess  of  the  ectoplasm  corresponding  in  position  to  the  rods 
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Myxomycetes,  some  swarm-cells,  e.g.  of  Vaueheria,  allow  tte  skin  to  be  recognised, 
under  sufficient  magnifying  power,  as  a  hyaline  edging;  in  the  swarm-cells  of  Vaucheria 
it  is  evidently  striated  radially  when  seen  in  section,  just  as  some  cell-walls  are ; 
Hofmeister  (Handbuch,  vol.  \.  p.  25)  found  the  same  appearance  in  the  plasmodia  of 
Mthalium,  Probably  this  skin  is  nothing  but  the  pui-e  basis  of  the  protoplasm  itself 
free  from  granules,  of  which  the  whole  body  is  formed,  but  which  is  masked  in 
the  interior  by  grains  and  granules.  It  follows  that  in  the  amceboid  movements  of 
Plasmodia  the  new  extensions  are  always  at  first  formed  of  the  skin  alone ;    it  is  only 


when  they  increise  in  size  that  the  mtenor  granular  substance  makes  its  appearance 
in  them.  Thib  is  more  clearly  the  case  in  the  masses  of  protoplasm  that  escape  into 
water  from  the  miured  filaments  of  VaucUna,  which  often  instantly  become  rounded 
into  globular  bodies,  but  not  unfrequentlj  show   the  amceboid  movement  of  plasmodia 


at  a  later  siige ;  they  are  somewhat  longer,  the  fnll  extremity  of  each  being  terminated  by  a  knob ; 
as  development  proceeds  the  dlia  become  longer  and  the  knobs  become  smaller  in  proportion  to  the 
increase  in  length,  until  the  final  hair-like  form  is  reacbed.  As  long  as  tlie  swarm-cell  is  in  contact 
with  the  mother-cell-walls,  the  cilia  are  closely  adpressed  to  the  surface  of  the  ectoplasm,  with  their 
apices  directed  forwards.  The  secretiou  of  a  cellulose  envelope  is  closely  and  even  inseparably  con- 
nected  with  the  presence  of  an  ectoplasmic  layer.  See  Strasburger,  Studien  ijber  Proioplasma,  Jena 
187S;  Vines  m  Qaait.  Joura.  Mlcr.  Sci.  1B77,  pp.  ia4-'32.] 
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for  as  much  as  hilf  in  hour  or  an  hour  {Fig.  40).  This  interpretation  of  the  stin 
IS  not  It  all  oppoied  to  the  fitt  that  It  is  denser  than  the  inner  and  more  watery 
subitmce  That  the  cohe  ion  in  each  protoplasm-mass  decreases  from  without  inwards 
IS  sho«n  by  the  greater  mobility  of  the  inner  portion,  especially  with  plasmodia,  and 
also  bj  the  tormation  of  \acuoles,  which  clearly  depends  on  the  collection  of  part  of 
the  water  present  in  the  protoplasm  round  internal  points  in  drops,  presupposing 
that  the  cohesion  is  overcome  at  these  points.  The  view  that  the  hyaline  homogeneous 
basis  itself  forms  on  each  exposed  surface  of  the  protoplasm  the  skin  destitute  of 
granules  entirely  agrees  with  the  supposition  that  not  only  every  vacuole  in  a  pro- 
topla'im  mass,  but  also  e^ery  thread  of  protoplasm  which  traverses  the  sap-cavity,  and 
finally  the  sap  cavity  itaelf,  is  also  bounded  by  a  skin,  even  if  it  be  so  thin  that  it  cannot 
be  seen  when  strongly  raignihed 

It  the  protophsm  is  not  enclosed  in  a  cell-wall,  the  vacuoles  are  usually  small  and 
I  the  other  hand,  a  cell-wall  is  formed,  and  if  the  cell  grows 
rapidly,  this  is  always  accompanied  by  an 
increase  in  number  and  size  of  the  vacuoles 
(Fig.  I,  p.  2).  This  not  nnfrequently  leads 
to  a  frothy  condition  of  the  protoplasm  where 
the  \acuoles  are  separated  only  by  thin  lamelljE 
of  that  snbstance  (Fig.  41,  ji);  but  in  othtr 
cases  the  inner  protoplasra-mass  of  a  ceil 
breaks  up  into  smaller  portions,  each  of  which 
encloses  a  large  vacuole  surrounded  by  a  thin 
skin  of  protoplasm  (Fig.  41,  S,  t).  These 
are  the  '  Sap-zvjicUi '  which  are  so  com- 
mon and  which  sometimes  enclose  granules 
of  chlorophyll  and  other  substances,  and  thus 
resemble  cells ;  they  are  not  uncommon  in  the 
flesh  of  berry-like  fruits,  and  in  tissues  with 
mucilaginous  juices.  If  the  rapidly  growing 
cell  does  not  form  new  protoplasm  as  the  size 
of  the  eel!  and  the  amount  of  sap  increase, 
the  quantity  of  protoplasm  decreases;  and  not 
(infrequently  it  forms  a  thin  sac  not  im- 
mediately visible,  lying  between  the  cell-wall 
(=^7™'™fi'^1^t*'or  which  it  lines  and  the  cell-sap  which  it  in- 
'J'™lt^TTJ!^^'L^^!^^l  vests,  and  becoming  visible  only  by  means  of 
reagents  that  remove  the  water  and  separate 
the  protoplasm- sac— the  Primordial  Utricle  of 
MohP— from  the  cell  wall  b)  contraction  (Fig.  41,  C,  f).  The  significance  of  this  thin 
protoplasm,  sac,  and  its  ptodiction  owing  to  the  increase  in  number  and  size  of  the 
vacuoles  in  an  originally  contmuons  protoplasm-mass,  will  no  longer  be  doubtful  to 
the  reader  after  all  that  has  been  said  in  Sects,  i,  2,  and  3,  and  by  comparison  of 
Fig.   I  with  Fig   41 

In  young  cells  where  the  protoplism  ttiil  forms  a  thick  layer  or  a  net-work  per- 
meated by  vacuoles  its  substance— with  the  esception  perhaps  of  the  outermost  layer 
lying  on  the  cell  wall— appears  to  be  always  engaged  in  a  'streaming'  movement,  which 
is  however  usually  very  slow  In  many  mature  and  large  cells,  which  do  not  serve 
for  the  storing  up  of  assimilated  material  and  where  the  protoplasm-mass  is  sufficiently 
nourished,  and  does  not    as  the   cell  increases  in  size,  contract  to  a  mere  thin  skin, 


'  See  Hanstcin,  Die  Be>  egi  i  gsei^chemung  les  Zellkem 
rheinischen  Gesellschaft  zu  BoQQ  Dtt,  19  isyo  p   U4. 
=  [H.  von  Mohl  Bot  Zi.ilg   i''44  [231 


w.  in  Silzurgsberichte  der  nieder- 
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finally  become  detached,  leaving  the  two  ends  of  tlie  new  thread  united  with  the  rest 
of  the  protoplasm ;  they  do  not  grow  up  as  branches  with  one  free  eKtremity. 
(Hanstein,  /.  c.  p.  22:.)  Some  of  the  threads  also  disappear,  the  two  ends  remaining  in 
connexion  with  the  rest  of  the  protoplasm  and  coalescing  with  it.  The  threads  form, 
with  the  central  mass  of  protoplasm  which  contains  the  nucleus  and  the  layer  which 
clothes  the  cell-wall,  a  connected  system,  portions  of  which  may  change  their  position 
with  respect  to  one  another. 

Besides  these  displacements— in  consequence  of  which  the  parietal  protoplasm  accu- 
mulates or  diminishes  at  any  one  spot,  and  the  mass  of  protoplasm  in  the  cell-cavity 
which  contains  the  nucleus  wanders  about,  and  alters  accordingly  the  grouping  and  form 
tthth       i—     d      hghmgnfygp  th      fmfm       mt       m         t 

wh   h  d     bt  d!  t  d      th    h     1    m         Ith     gh  tl  t       d 

k  I     tl     p      t  I  p    t  pi  1        th  wh    h        tan    tl      n     I 

b  t  m    t  d         tly        th     tl       d      h  t     g        I    — g         ily     1     hi      ph)U— 

tb  g         t  hhdhghmgtjgp 

J  pp  )        p  d       It  t        t     h  b  1     k  d    th  t   wh 

fi      h     d     1  f  th       p  d  t>     1  tl  t       IS     I        p 

hddfldWtl  ildhdthg        1 

f    qu  ntly  fl  w  ppo  t    d       t  Chi      phyli  g        1 

in  t  th         f  " 

t)  th  t  th  y     1 
btbeg  pm       t  db>ly 

Thsem  t      fptpl  hhpi 

f  th    p    t  p!  f  th        11       >  b  p      d  t     th     d  pi      m    t    ot  th 

wh    h  th  f      k  d    \    <eb^      ■  .... 

p  ng        t  It!  f  1  t    g  p    t  pi  th    fi  m      II       II  h    d        th 

h     g       f         t  II  as  th      h     g       t  pi  f  th        hi     miss     b  t  th     I    g 

p         t       II  ft         1     h     g         f  p      t  fig  m  !l       p    t  Th 

tmgmmthh  blb>  fth         bdldj,         I 

th  p    g       k  d  p    t  pl    m     f  th      4    «bEE  11  tl    t         Id 

cell- wall. 

(c)  The  Nudeuj.  That  the  nucleus,  which  is  never  absent  from  Muscinese  and  Vascular 
plants,  but  more  often  from  Thallophytes,  is  a  product  of  differentiation  of  the  proto- 
plasm, is  sufficiently  evident,  not  only  from  its  chemical  behaviour  {-vide  supra,  under  a), 
but  also  from  its  participation  in  the  processes  of  cell-format  (se  "^  t  )  O 
the  other  hand,  it  must  be  borne  in  mind  that,  once  formed,  it  1 1  t  h        t 

istically   organised   portion   of  the   cell,   which,   to   a   certain       t     t    has  d       f 

development  of  its  own.     At  first  the  nucleus  Is  always  a  hom  d   h   p 

toplasm-mass ;   subsequently  its  surface  becomes  firmer  without  t  k    g  th     t  t 

special  skin ;  in  the  interior  there  appear  usually  two  or  three  (  t  m       )  I    g 

granules,  called  Nucleoli,  which,  however,  are  often  wanting,     Th  I        h         t  th 

time  of  its  origin,  generally  already  attained  its  permanent  size,  or  nearly  so ;  its  growth 
is  never  proportional  to  that  of  the  cell;  while  in  young  tissue-cells  (Fig.  i,  p.  2)  it 
usually  occupies  a  large  portion  of  the  cell-cavity,  in  mature  cells  its  mass  is  progressively 
smaller  in  proportion  to  that  of  the  whole  cell.  Its  further  development  consists 
in  its  obtaining  a  firmer  outer  layer,  and  in  the  formation  of  small  vacuoles  and 
nucleoli ;  only  rarely  does  it  grow  for  a  longer  time ;  its  substance  may  become 
frothy  from  the  further  formation  of  vacuoles,  and  sometimes  it  exhibits  a  circulation 
in  the  interior  of  the  firmer  enveloping  layer,  as  in  a  cell'.  The  nucleus  always 
remains  enclosed  in  the  substance  of  the  protoplasm ;  if  this  latter  forms  vacuoles,  or 
developes  the  circulation  already  described,  the  nucleus  remains  enveloped  in  a  coating 

niger,  according  to  A.  Weiss  in  tiie  Sit/uiigsbcrichte  der  kais. 
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or  mass  of  protoplasm  which  is  connected  with  the  parietal  protoplasm -sac  by  the 
lamelliE  lying  between  the  vacuoles  or  by  the  threads.  The  nucleus  apparently  follows 
passively  the  movements  of  the  protoplasm  in  which  it  is  enveloped ;  it  also  undergoes 
changes  of  form  under  the  pressure  and  traction  of  the  moving  mass  beneath  the 
eye  of  the  observer.  'During  the  movement,'  says  Hanstetn  (/.  c.  p.  226),  'the 
bands  of  protoplasm  are  very  tightly  stretched,  so  that  the  envelope  of  the  nucleus  is 
drawn  out  into  sharp  angles.  It  looks  as  If  the  nucleus  (with  its  envelope)  were 
towed  about  like  a  ferry-boat  by  ropes.  But  since  during  this  towing  the  bands 
alter  their  direction  and  form,  it  is  evident  that  the  envelope  of  the  nucleus  must 
also  change  its  form.  But  not  only  the  envelope,  but  also  the  nucleus  itself,  does 
this;  this  latter  is  never  spherical  or  of  any  regular  form  during  its  movement,  but  is 
irregularly  elongated,  and  usually  in  the  direction  of  its  motion  at  the  time.'  This 
change  in  the  form  of  the  nucleus  may  also  be  recognised  from  the  displacement  of 
the  nucleoli  within  its  mass. 

Sect.  6.     The  Chlorophyll-bodies  and' Bimilar  Protoplasmic  Structures'. 

— Chlorophyll,  the  green  colouring  matter  so  generally  distributed  through  the 
vegetable  kingdom,  is  always  united  to  definite  portions  of  the  protoplasm- mass 
of  the  cells  in  which  it  is  found ;  these  green- coloured  portions  of  protoplasm 
may,  in  contradistinction  to  the  colouring  matter  itself  by  which  they  are  tinged,  be 
designated  Chlorophyll-bodies.  Every  chlorophyll -body  consists  then  of  at  least 
two  substances,  the  colouring  matter  and  its  protoplasmic  vehicle ;  if  the  former 
is  removed  by  alcohol,  ether,  chloroform,  benzin,  or  essential  or  fatty  oils,  the  latter 
remains  behind  colourless.  The  colouring  matter  contained  in  each  chlorophyll- 
body  is  itself  only  extremely  small  in  quantity;  after  its  removal  the  protoplasmic 
basis  retains  not  only  its  form  but  also  its  previous  volume.  The  latter  is  always  a 
continuous  soft  substance  containing  extremely  small  vacuoles,  in  which  the  colouring 
matter  is  generally  distributed  universally,  though  not  always  uniformly. 

Chlorophyli-hodies  arise  in  the  young  cells  by  the  separation  of  the  pro- 
toplasm info  portions  which  remain  colourless  and  others  which  become  green  and 
sharply  defined.  This  may  be  due  to  very  small  particles  of  a  somewhat  different 
nature  either  originally  existing  or  being  produced  in  the  previously  homogeneous 
protoplasm,  and  which  collect  to  form  distinct  masses.  The  chlorophyll-bodies 
which  arise  in  this  manner  always  remain  imbedded  in  the  colourless  protoplasm 
in  a  similar  manner  to  the  nucleus;  they  are  never  in  immediate  contact  with 
the  cell-sap.  Their  chemical  and  physical  properties  distinctly  show  that  their 
colourless  basis  is  a  substance  altogether  similar  to  protoplasm.  The  chlorophyll- 
bodies  consequently  always  behave  as  integral  parts  of  the  protoplasm ;  and  this 
is  especially  evident  in  the  division  of  cells,  conjugation,  the  formation  of  swarm- 
cells,  &c.  But  the  chlorophyll-bodies,  when  once  formed,  grow;  and  if  they 
possess  roundish  forms  they  may  increase  by  division.  Both  processes  appear  always 
to  depend  on  the  growth  of  the  protoplasm -mass  in  which  they  are  imbedded. 

'  H.  voiiMohl,  Bot.  Zeitg.  nos.  6  and  7,  1855;  [Ann.  des  Sd.  Nat.  vol.  VI,  1856,  p.  139.] 
—A.  Gris,  Ann.  des  Sd.  Nat.  4lh  Ser.  vol.  VII.  185J,  p.  179,— Sachs,  Flora.  i86a,  p.  lag; 
1863,  p.  193.  Sachs,  Handbuch  der  Exper.  Physiol,  der  Pflanzen,  \  87,  Leipzig  1865.— Hofmeisterl 
Die  Lehre  von  der  Piknienzelle,  \  41,  Leipzig  1867.— Kraus,  Jahtb.  fiir  wissensch.  Bof,  VIII, 
1871,  p,  131,  [Ditto,  Ziir  Kenntniss  der  Chlorophyllfarbstoffe  u.  ihrer  Verwaiidten.  Stuttgart  187;. 
— For  Sorby's  researches  on  chlorophyll  see  Book  II.  chap.  3.  sect.  8.] 
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It  is  only  in  the  Algse  that  the  forms  of  ihe  chlorophjU  bodies  show  much 
variety.  In  them  it  is  frequently  the  case  that  the  «hole  protoplasm  ma'-s  with 
the  exception  of  an  outermost  layer  or  a  little  mort  than  this  either  appears 
homogeneously  green  (as  many  swarm-cells,  Palmellacete  gonidta  of  Lichens)  or 
the  chlorophyll- bodies  assume  stellate  forms  {e.g  Z\,gn^ma  cmaalum  Fig  43), 
or  they  form  several  lamellje  with  a  stellate 
transverse  section  when  the  cell  is  cut  across 
{as  in  Closlerium  &c )  or  striight  or  spiral 
bands  {e.g.  Spnosiri)  Btit  in  most  Alg-e 
and  in  all  MuscmcEe  and  ^  ascular  planti  the 
chlorophyll- bodies  are  rounded  or  poligtnal 
masses  collected  around  a  centre  and  are 
termed  Chlorophy  II  granules  Generally  a 
large  number  are  contained  in  one  cell  'iome 
m  ly       f  1        ly   1    g 
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The  phenomena  which  accompany  this  process  vary  greatly,  but  finally  there 
remain  in  the  cells  filled  with  water  and  often  with  acicular  crystals,  a  number 
of  yellow  glittering  granules  which  bear  no  resemblance  to  chlorophyll ;    if  the  falling 
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leaves  are  red,  this  depends  on  a  substance  dissolved  in  the  sap ;  but  in  this  case 
also  the  yellow  granules  are  to  be  found. 

The  presence  of  chlorophyll  in  tissues  is  not  always  to  be  recognised  by  the 
naked  eye.  Sometimes  the  cells  that  possess  chlorophyll  contain  a  red  sap;  in 
other  cases  the  green  tissue  of  the  leaves  is  covered  by  an  epidermis  with  red  sap, 
as  in  young  plants  of  Alripkx  koriensis ;  in  this  case,  if  the  coloured  epidermis 
be  removed,  the  green  tissue  may  be  recognised.  But  in  AlgEe  and  Lichens  we 
find  that  the  chlorophyll -body  of  the  cell  itself  contains,  in  addition  to  the  green 
colouring  matter,  a  red,   blue,    or  yellow   substance    soluble   in   water      the   fresh 


chlorophyll- body  appears  then,  by  the  admixture  of  the  chlorophyll  contained  in 
it  with  these  substances,  verdigris -fireen  {Osa'llatoria,  Pelli'gera  cani?ta,  &c.),  a  fine  red 
(Floridefe),  brown  {Fucm,  Latninaria  saccharind),  or  buff  (Diatom acese).  (See  Book 
11.,  Alg^e.) 

From  this  are  to  be  distinguished  those  cases  in  which  the  originally  green 
chlorophyll-granules  assume  a  red  or  yellow  colour  from  the  alteration  of  their 
colouring  material,  a  phenomenon  which,  from  its  physiological  bearings,  I  have 
termed  Degradation  of  chlorophyll.      Thus  the  green  bodies  in   the    walls  of  the 
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amheridia  of  Mosses  and  Ctiaracetu  become,  at  the  time  of  fertihbition,  of  a 
beautiful  red;  in  ripening  fruits  {Ly<.ium  baibatum,  Sohnum  pseudo  cap^icu/ir.  &c.), 
the  change  of  colour  from  green  to  yeilow  and  red  depends  also  on  a  similar  loss 
of  colour  of  the  chlorophyll-granules,  accompanied  by  a  breaking  up  into  angular 
forms  with  two  or  three  points  (Kraus,  /.  c).  Nearly  related  to  the  chlorophyll- 
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prothalha  ot  Ferns,  it  was  subsequently  n  d  11    11ml         tCypg  hh 

form  chlorophyll ;  among  Phanerogams  also        pp         wid  ly  d  t  b      d  d 

covered  by   Sanio   in  Feperomia   and   Pic  b    q         1)    b>    K  y         Ce       phyll  m 

Mjr'K^hyllum,  ylnacbaris,  Utricularia,  Samb  Imp  &         I         11       f    h     p      h  1 

Hum  of  Osmunda  exposed  to  feeble  ligh         d  g  b  t  1     1       hi       phyll    K  > 

states  that  moniliform  rows  of  chlorophyll  gra     I  p     d     ed  bj      p    t  d  bip    t 

which,  like  the  chains  of  cells  of  Noitoc,  1     gat    by  1yd 

branching  takes  place  also,  in  a  manner         Iththh  rs        Amui 

of  the  chlorophyll -granules  increasing  in  rslydpd        gb         h 

by  division. 

(c)  With  reference  to  the  Internal  S  ru  f  b    Chi    opb  II  b  d       sc        ly       y 

thing  more  can  be  said  than  that  their  1  j         f  pp         d  d    h       h 

proportion  of  water  increases  towards  the  th       h  d  g  pp       t 

from  the  formation  of  vacuoles.     A  diffe  n>ec      g  1  }  f  d  ff        t 

density  has  only  been  once  observed,  by  R  ff        Id   hi      ph)  il  g        les    f  B    of 

plumo^a. 

Skct.  7,     Crystalloids^. — A  portio      f  th    p    t  pi    m        b  1  f         11 

sometimes  assumes  crystal-like  forms ;  bod  P    d      d  wh    h  b       d  d  by  pi 

surfaces  and  sharp  edges  and  angles,  pos  II        j         mbl  t    t  t  I 

even  in  their  behaviour  to  polarised  light    I   t  th  y  t  Uy  d        ini  h  d  f 

crystals  by  the  action  of  external  influent,  dth  mp&etgifi       t 

resemblances  to  organised  parts  of  cell       It       th      f       1  g    m  d        g     h 

them  by  the  term  Crystalloids^  proposed  by  N      I       Th  y  II        !      i 

but  sometimes  act   as  vehicles  of  colo       gm  (         g        )lhmb 

removed  from  them.     Their  substance       h  b  t       11    tl  t    I 

of  protoplasm,  its  power  of  coagulation       d     f     k    g     p       I         g         t        th 
yellow  reaction  with  potash  after  treatment  by  1  II       th  t      th     d 

The  solubility  of  different  crystalloids  is       y  d  ff       t  g  Uy  h  h 

proteids.     They  are  capable  of  imbibing  d         Up         ml         d 

the  influence  of  certain  solutions;    the  t      I  p  8  1  f 

;  than  the  inner  more  watery  1  Il'-ejUd       hhh        b 


H      g   B       Ze        1856,  p.  2S2.— Radlkofer,  Ueber  die   Krjstalle  piotelnartiger   Korper 
fl  h  n  Ui'spnmgs,  Leipzig  1859. — Ma'thke    Bot   Ztitg  1855,  p.  409. — Cohn, 

U  be   P        inkrj  n  Kiirto£feln,  in  the  thirtysevenlh  Jahresbencht  dtr  schksischen  Gesell- 

hof  d    C        r,  1858,  Breslau. — Nageli,  Silzungsberichte  der  k    hayer.  Akademie  der 

V  ssen    haf         86     p       3. — Cramer,  Das  Rhodosperroin  in  the  seventh  volume  of  the  Viertel- 
jahrsschn     d  h.  Gesellschaft  in  Ziirich.— J.  Klein,  tlora,  1871,  No,  n.— Kraus,  in 

Jahrb.  fur  ivissensch.  Bot.  vol.  VIII.  p.  426. 

'  [The  term  '  crystalloid'  is,  in  another  portion  of  this  work,  used  in  a  different  sense,  to  express 
any  substance  capable  of  crystal lisalion ;  see  Book  III.  Chap.  i.  Sect,  i.] 
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most  carefully  examined  consist  of  a  mixture  of  two  ingredients  of  different 
solubility;  the  two  are  so  combined  that  when  the  more  soluble  is  slowly  removed, 
Ihe  less  soluble  remains  as  a  skeleton  (Nageli). 

Their  form  varies  greatly  in  dltTerent  plants;  they  appear  as  cubes,  tetrahedra, 
octohedra,  rhombohedra,  and  in  other  fcirms ;  usually,  however,  their  crystallographic 
characters  cmnot  be  e^actlj  defined  a  consequence  of  their  small  size  and  of  the 
inconstincj  of  their  anglet 

In  the  rapidly  growing  organs  of  flowering  plants  thej  -ire  known  only  in 
LathriEt  squamana'^  more  commml;  tliei  we  produced  m  clIIs  where  hrge 
qu-intities  of  reitne  materials  ire  collected  which  are  only  turned  to  iibi,  at  a  later 
penod  The  crystalloids  themsehes  appear  to  be  a  form  of  protoplasmic  stracture 
especially  adapted  for  -i  dormant  condition  (as  in  potato  tubers  and  many  oily 
seeds)  they  ar"  seldom  found  m  celh  which  contain  sap  (potato  tubers)  but  more 
often  in  cells  which  do  not  contain  it  and  especially  n  oih  seeds  Crj stolloids 
containing  colounng  matters  ire  found  in  petal  and  fruits  Sometimes  thev  are 
formed  only  after  the  ^ctlon  of  ilcthol  or  i  solution  of  sodram  chloride  on  the 
plants  e\ternally  or  mtemallj  (Rhodospermin) 

The  crystalloids  of  potato  tubers  are  imbedded  in  the  protoplasm  those  that 
are  w  delj  dstributed  in  the  tiisue^  ai  Lalhr<ea  squamaiia  are  conta  ned  in  i^eat 
numbers  m  the  interior  of  the  nucleus  those  tound  in  oil}  see  Is  are  generillj 
enclosed  in  aleurone  grains 

The  crjstalloids  discoiered  b>  Cihn  in  the  tubers  of  the  potito  ire  convenient  for 
ohservation  they  are  found  verj  abui  dantly  in  snme  kinds  in  others  less  frequently, 
in  the  parenchynidtoub  cells  which  ccntain  but  little  starch  beneath  the  skin  hut 
tolerably  deep  in  this  tissue  Ijmg  enclosed  in  the  prot<  plasm  Generallj  the>  are  in 
the  form  of  perfect  cubes  (less  often  of  derintive  forn  s  as  tetrahedra)  Those  found 
by  Radlkofer  in  the  nucleus  ol  the  tells  ol  L  itbrtea  iqt  imaria  lie  together  in  great 
quantities  they  hue  the  form  ot  thin  rectangular  plates  sometimes  thej  hive  rhombic 
or  trapezoid  forms  Radlkoler  thinks  it  most  probable  that  they  belont,  to  the  rhombic 
ystem      I     th  as      th  y        y  b     se  t  th     t  t  rth      p    p  rat         ad 

tl  I  t        t     th  rr       d    g  1  Th  d  ff        t      th  th        j  t  II    d 

fl  i         Id         1  g  Ihll  tthpptesdilly 

t       th  1 1        tl     b      1      t  th  )  b        d      q      1 1      b>        h    g  th  h  d 
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mai      b  h    d      Th        j  t  H    d  th         11      f  th         d    p    m     f  R  mm 

I  k      11      )  tall    d  1  bl         w  t  d  ly  wh        h  t  f  th 

t  ldwtwlhdt)thbta  rrdgthrytlldd 

ts   t  f  Th  y  f    q       t[y  t  k    th    f    m    f      t  h  d  t  t    h  dra   1  It         f 
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petals  of  Flola  tricolor  and  Orchis,  and  better  developed  in  the  dried  fruits  of  Solarium 
amtricanunt ;  in  the  latter  case  they  form  in  the  large  parenchymatous  cells  clusters  of 
a  deep  violet  colour ;  the  separate  crystalloids  are  thin  rhombic  plates,  often  with 
truncated  angles,  &c.  According  to  Nageli  the  crystalline  form  is  the  rhombic  prism  in 
a  very  abbreviated  tabular  shape ;  the  sis-sided  plates  are  composed  of  sis  simple  ones. 
In  pure  water  they  remain  unchanged;  alcohol  extracts  the  colouring  matter,  as  also  do 
dilute  acids;  both  leave,  after  long  treatment,  a  very  slight  skeleton  which  is  capable  of 
swelling,  while  the  whole  crystalloid  does  not  swell ;  Nageli  states  that  the  crystalloid 
consists  of  a  very  small  quantity  of  albuminous  and  a  large  quantity  of  another  substance, 
with  some  colouring  matter. 

Crystalloids  of  albuminous  substance  have  also  been  found  in  red  marine  Algse 
(Florideie)  and  in  one  P'ungus,  Cramer  observed  the  first  case  of  this  kind;  in  speci- 
mens of  BorBeiia  secundipara  which  had  Iain  a  long  while  in  solution  of  sodium  chloride, 
as  well  as  in  specimens  in  alcohol  oi  CaUitbainnion  caudatum  and  seminudum,  he  found 
hexagonal  plates  and  prisms  with  all  the  properties  of  crystalloids,  and  coloured  red  by 
the  colouring  matters  of  the  Alga:.  They  were  found  in  the  vegetative  cells  as  well 
as  in  the  spores.  In  sodium  chloride  preparations  of  Bornetia  octohedral  crystalloids 
were  found  also,  apparently  belonging  to  the  klino-rhombic  system ;  they  were  colour- 
less. In  living  plants  of  the  same  Alga,  Cohn  also  discovered  colourless  octohedral 
crystalloids  which  absorb  the  red  colouring  matter  expelled  from  the  pigment-grains. 
Within  and  without  the  cells  of  Ceramium  rubrum  preserved  in  sea-water  with  glycerin, 
klino-rhombic  prisms  formed,  coloured  red  by  the  expelled  pigment;  they  are  clearly, 
like  the  hexagonal  crystalloids  observed  by  Cramer,  produced  only  after  death,  while  the 
colourless  octohedra  are  to  be  found  in  the  living  cells.  Finally,  in  dried  specimens  of 
other  FlorideK,  Griffithsin  barbata,  G.  neapolitaJta,  Gongroceras  pellucidam,  and  Callithamnioa 
letninuduat,  Klein  observed  colourless  crystalloids  of  a  different  form.  These  bodies 
may  all  be  comprised  in  the  name  first  given  by  Cr3xat:T,—  RhodoiperilHn.  In  the 
sporangiophores  of  Pilobolus  Klein  also  found  colourless  octohedra  of  tolerably  regular 
structure  with  the  properties  of  crystalloids. 

Sect.  8.  Alenrone-GrainB  ^. — The  reservoirs  for  reserve  material  contained 
in  ripe  seeds,  i.  e.  in  the  endosperm  or  the  cotyledons  of  the  embryo,  always  contain 
considerable  quantities  of  proteids,  together  with  starch  or  oily  matter.  If  they 
contain  much  starch,  as  in  Grasses,  Pkaseolus,  Vina,  the  oak,  horse- chestnut, 
Spanish  chestnut,  &c.,  the  proteid,  which  only  contains  very  little  oily  matter, 
occupies  the  interstices;  it  then  consists  of  small  or  even  minute  granules,  as 
shown  in  Fig.  46.  In  oily  seeds,  on  the  other  hand,  in  place  of  the  starch-grains 
are  found  granular  roundish  or  angular  structures  (Fig.  47),  sometimes  not  dissimilar 


'  These  structures  were  discovered  by  Hartig  (Bot.  Zeitg.  1855,  p.  88t,  and  described  in  detail 
but  imperfectly  l^ibid.  1856,  p.  25?;  [Ann.  des  Sci.  Nal.,  1856,  vol.  VI.  p.  315]);  fiuther  researches 
were  undertaken  by  HoUe  (Neues  Jahrb.  der  Pharmacie,  vol.  X.  1858)  and  Maschke  (Bot.  Zeitg. 
1859).  All  these  observations  left  undecided  the  relationship  of  the  Ei^'ns  to  the  sutrounding 
matris;  it  appeared  to  he  assumed  that  in  oily  seeds  the  matrix  consists  of  oi!  only.  In  the  first 
and  second  editions  of  this  book  I  opposed  this  view,  and  pointed  out  thai  the  matrix  in  the  cells 
of  oily  seeds  consists  of  a  mixture  of  oil  and  proteids,  or  rather,  of  a  very  oily  protoplasm;  on 
the  other  hand  I  fell  into  the  error,  partly  in  consequence  of  the  use  of  diluted  ether,  of  considering 
the  aleurone-grains  themselves  as  a  compound  of  proteids  and  oil.  This  error  has  been  refuted 
by  Dr.  Pfcffer's  recent  researches,  commenced  in  the  Wiirzbuig  laboratory,  where  I  had  the  oppor- 
tunity of  seeing  numerous  preparations  which  were  decisive  as  to  the  principal  question.  Dr.  Pfeffer 
had  the  kindness  to  communicate  to  me  a  detailed  account  of  his  labours ;  what  I  have  said  above 
follows  his  views  tolerably  dosely.  See  Pfetfer,  in  Pringshdra's  Jahrb.  fur  wissens.  Bot.  vol  VIII. 
p.  429. 
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to  starch-gjains  in  their  appearance,  and  surrounded  by  a  more  or  less  homo- 
geneous matrix,  which,  as  closer  investigation  shows,  consists,  according  to  the 
oiliness  of  the  seed,  of  more  or  less  oil  combined  with  prnteids.  The  grains 
themselves,  on  the  other  hand,  consist,  independently  of  certain  enclosed  matters, 
of  proteids. 

In  the  aleurone -grains  the  proteid  itself  must  be  distinguished  from  the 
enclosed  substances.  The  latter  are  either  crystals  of  calcium  oxalate,  or  non- 
crystalline, roundish,  or  clustered  granules,  known  as  Globoids.  These  are  a  double 
calcium  aod  magnesium  phosphate,  in  which  the  latter  base  is  greatly  in  excess. 
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coagulated  albumen ;  but  it  may  be  a  yet  unknown  proteid.     With  aieurone-grains 

containing  crystalloids,  after  careful  solution,  a  similar  membrane  remains,  but  the 

crystalloid  itself  also  leaves  behind  one  of  the  same  kind ;  this  occurs  also  in  the 

solution  of  globoids  in  acetic  or  hydrochloric  acid,  and  reminds  one  of  the  simile 

behaviour  of  true  crystals  of  calcium  oxalate. 

The  crystalline  enclosures  of  calcium  oxalate  occur  as  clusters,  distinct  crystals, 

and  needles,  but  are  not  commonly  met  with. 

The  globoids,  on  the  other  hand,  are  never  absent  .^^fet       -3         >^N,.-^ 

from  aieurone-grains ;  h  m 

panied  by  crystals,  it  is      m 

that  the  grains  of  one  c  11      n  g    b    d 

those  of  another  only  S 

marianum,  and  all  Umbe        fe    h  b    n 

examined.      There  occ  p 

in  the  grape-vine  a  gl        d       m 

a  crystal  or  a  cluster  ot  Th         h 

are  soluble  in  all  inorg  d 

oxalic,    and    tartaric  b 

potash. 

The  globoids,  like  the  crystals,  maj  occur 

in  an  aleurone-grain  singly  or  many  together; 

in  the  latter  case  they  are  small,  and  even  too 

minute  to  be  measured,  but  are  then  present 

in  enormous  numbers  in  one  grain,  e.g.  Lu- 

pinus  luleus,  L.  polypkyllus.  Delphinium 

crystals  occur  singly,  the  largest  in  the  grape-v 

panying  crystalloids  only  in  Mtlmsa  Cynapium. 
absent  from  very  small  aieurone-grains. 

In  some  seeds  there  is  in  each  ceil  one  aleurone-grain  distinguished  from  the 
others  by  its  size  {'  Solitar '  of  Hartig),  both  when  crystalloids  are  present  and 
when  they  are  absent  {Elaeis,  Myrisiica,  Vitis,  Lupinus  luteus) ;  it  may  be  dis- 
tinguished by  its  enclosed  substances.  Thus  in  Lupinus  luteus  it  contains  a  tabular 
crystalloid ;  the  other  surrounding  grains  only  small  and  numerous  globoids.  In 
Silybum  a  cluster  of  crystals  lies  in  one  large  grain,  in  the  others  a  number  of 
needle-shaped  crystals.  In  other  cases  the  enclosed  substances  are  similar,  as  is 
the  case  with  the  globoids,  which  are  merely  larger  in  the  large  grain. 

The  crystalloids  are  tolerably  widely  distributed  in  aieurone-grains,  although 
the  greater  number  of  seeds  are  destitute  of  them.  They  are  not,  however,  cha- 
racteristic of  natural  families,  but  may  be  present  or  absent  in  members  of  the 
same  family;  thus  among  palms,  Sahal  Adansonii  is  \i\'Caa-at,  Elaeis  guineensis  has 
crystalloids;  in  the  same  manner  all  Umbelliferfe  which  have  been  investigated  want 
them  except  Mihusa  Cynapium.  In  other  cases  all  seeds  of  the  same  family  appear 
to  contain  crystalloids,  as  in  the  Euphorbiacese,  among  which  Ricinm  supplied  the 
first  example  of  fine  crystalloids  in  tlie  aieurone-grains. 

The  matrix  which  surrounds  the  grains  of  aleurone  in  oily  seeds  is,  as  has 
been  mentioned,  always  a  misture  of  oily  matter  and  proieids,  but  the  proportion 


t',  &c.  Large  globoids  surrounding 
Pfefi'er  found  crystals  accom- 
enclosed  substances  are  usually 


yGoogle 


MORPBOLOay  OF   THE   CELL. 


where  the  matrix  appears  to  consist  entirely  of  oily  matter,  tl 
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observed        ii    b       1  n  t  -£■/       guineensis,  and  the  nutmeg. 

To  tl       1  >  b      d  I  d   f  om  Pfeffer's  communicat 

cerning  the  more  difficult  points 
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while  small  quantities  of  proteids  remain.  W  ith  alcoholic  tincture  of  alkanet  the  matrix 
becomes  of  a  deep  blood-red  colour  if  it  contains  a  considerable  amount  of  oil ;  but  if 
the  oily  constituents  of  the  seed  arc  very  smaL,  the  evidence  cannot  be  obtained  in 
this  manner. 

If  the  oil  is  extracted  from  the  sections  by  alcohol,  and  the  aleurone -grains  then 
removed  by  potash  solution,  a  net-work  remains  behind  in  which  the  grains  are  replaced 


'  That  I  formerly  considered  them  soluble  in  ether,  was  the  result,  as  Pfeffer  showed,  of  the 
containing  a  small  quantity  of  water, 
"  On  the  causes  of  the  solubility  in  water  see  Pfeffer's  treatise  already  cited. 
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by  cavities;  with  acetic  acid  and  lodme  the  net-work  assumes  a  yellow-brown  colour 
(Fig.  47,  B\  48  D).  In  most  seeds  this  het-worb  is  very  beautiful  and  comparable  to 
a  parenchj'matous  tissue;  m  extremelj  oily  seeds  it  often  breaks  up  into  fragments,  the 
nucleus  lying  in  it  like  a  shrivelled  ball.  The  threads  of  the  net-work  are  composed  of 
the  insoiuble  proteids  of  the  matns  and  of  the  enveloping  membranes  of  the  aleurone- 
gralns;  although  the  net-work  may  exist  without  the  latter  if  the  grains  have  fallen 
from  their  places. 

(c)  The  Crystalloids  of  the  aleurone-gralns  are  insoluble  in  water ;  they  may  therefore 
easily  be  isolated  by  treatment  of  sections  with  water,  the  amorphous  portions  of  the 
grains  dissolving,  and  any  residue  of  cell-contents  being  destroyed ;  they  then  show  all 
the  reactions  and  the  different  forms  of  the  crystalloids  mentioned  in  Sect.  7.  But 
that  they  consist  of  two  proteids  and  grow  by  intussusception  Pfeffer  thinks  very 
doubtful, 

(d)  If  sections  of  the  endosperm  of  the  peony  ire  treated  with  alcohol  containing  a 
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able  ease  m  the  peony,  rn  this  case  the  seed,  even  when  it  has  attained  its  full  size,  is 
entirely  filled  with  large  starch-grains,  which  become  changed  into  oil  only  when  fully 
ripe.  The  starch  is  not  always,  however,  completely  changed  into  oily  matter.  If  the 
starch-grains  in  the  seeds  of  the  peony  were  not  completely  transformed,  and  the  inter- 
mediate mass,  almost  devoid  of  oily  matter  but  very  rich  in  proteids,.  formed  very 
small  aleurone-grains,  we  should  have  what  does  actually  occur  in  Phateolui  and  in  other 
seeds  extremely  rich  in  starch.  There  are,  however,  also  seeds  in  which  aleurone-  and 
starch-grains  occur  in  nearly  equal  quantities,  but  then  always  associated  with  oily 

No  conclusion  as  to  the  manner  of  growth  can  be  deduced  from  the  turbid 
condition  of  the  cell-contents  and  the  softness  of  the  growing  aleurone-grains. 
Nevertheless  it  can  mostly  be  affirmed  with  regard  to  ripe  grains,  that  they  are  softer 
towards  the  inside,  and  that,  consequently,  on  the  application  of  very  dilute  reagents, 
they  dissolve  from  within  outwards.  Different  facts  appear,  nevertheless,  to  show  that 
no  growth  takes  place  by  intussusception,  as  is  the  case  with  starch-grains.  The 
origin  of  aleurone-grains  is  simply  a  dissociation,  which  arises  from  loss  of  water 
by  the  seed;  and,  on  germination,  the  original  cell-contents  are  again  more  or  less 
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completely  reconstituted  by  the  union  of  the  matrix  with  the  substance  of  the  aleurone- 
grains. 

Pfclfer  followed  out  the  formation  of  the  crystalloids  in  Ricinus  and  Ei^horbia  jege- 
luiti;  thej'  arise  nearly  simultaneously  with  the  globoids,  at  a  rather  early  period,  and 
both  grow  gradually,  while  the  turbidity  of  the  cell-contents  at  first  somewhat  increases. 
They  lie,  at  an  early  stage,  close  to  one  another,  and  completely  surrounded  by  the 
tutbid  mass ;  the  vacuoles  which  Gris  figures  (Recherches  sur  la  germination,  PI.  1,  Figs. 
10-13)  are  the  result  of  the  disorganisation  of  ihe  cell -contents.  The  crystalloids  are 
from  the  first  sharp-edged;  and,  a.s  soon  as  their  size  permits  their  shape  to  be 
recognised,  it  agrees  with  the  mature  form.  The  envelopment  of  crystalloid  and 
globoid  by  an  amorphous  coating  does  not  begin  till  the  crystalloids  are  mature  and 
the  seed  has  begun  to  dry. 

On  germination  the  crystalloids  dissolve  as  well  from  without  as  from  within,  till 
after  the  amorphous  envelope  has  first  disappeared ;  their  external  membranes  for  a  time 
persist,  but  gradually  become  invisible.  The  globoids  also  dissolve  (no  doubt  in  conse- 
quence of  the  acid  reaction  which  the  tissue  assumes),  and  in  the  case  of  old  seeds  from 
the  outside  inwards.  The.aleurone-grains  destitute  of  a  crystalloid  swell  up,  and  resume, 
on  the  germination  of  the  seed,  the  form  which  they  possessed  in  ripe  but  ondried 
seeds;  they  begin  to  mix  gradually  with  the  substance  of  the  matrix;  their  solution 
can  sometimes  be  followed  from  without  inwards;  but  they  often  coalesce  as  mucila- 
ginous masses.  These  changes  occur  with  the  first  signs  of  germination  in  the  embryo; 
formation  of  starch  takes  place  simultaneously  in  the  contents  of  the  cells. 


Sflt  9  Starch  Grams'  — Plants  which  grow  under  favourable  c 
product  bj  assimilition  a  larger  quantitj  of  formative  org,misabk  substance  than 
theyrequre  or  can  employ  at  the  lime  for  the  growth  of  the  cells  These  male 
na!s  are  st  red  up  111  some  form  or  other  m  the  cells  them&ebes  and  onlj  come 
mlo  Use  later  It  has  already  been  ihown  how  this  takes  place  w  ih  albuminous 
protoplasm  forming  matenals  and  w  th  oilj  suhstiGces  Another  sul  stance  in  the 
highest  degree  orgam&able  S/ar  h  is  formed  beforehand  and  stoied  ip  in  far  larger 
quantities  in  anticipition  of  future  use  Starch  alwav  appears  n  an  orginised 
form  as  solid  grains  having  a  concentrn,a!h  stratified  structure  which  arise  at 
first  is  minute  dots  in  the  protoplasm  ind  coiitmue  to  gro  v  wh  Je  hmg  in  it  if 
at  3  subsequent  peroc"  Ihei  reach  the  cell  sap  and  cease  to  remain  m  contact 
With  the  f  rotophsm  which  nourishes  them  the  r  growth  ceases "  Every  stJrch  gram 
consists  of  starch  water  and  01  verj  small  quai  titles  of  mineral  substances  (ash) 
Stirch  Itself  is  a  Larbo  hjdrale  of  the  '.ame  percentage  compo  ilion  as  cellulo  e  to 
which  It  bears  the  greateat  resemblance  of  ill  known  sub--tances  in  chemical  and 
morphological  properties  Starch  however  occurs  in  each  f,rain  in  two  modi 
ficalions  — Gramihse  more  easily  soluble  and  assuming  a  beautiful  blue  colour 
with  iodine  in  the  presence  of  wtter,  and/ajiww,  easilj  soluble,  and  more  resemblmg 


■  Nageli,  DieSlarkekonier  in  Pflanzenphv  Unte  h  ngen  Heft  II  ind' 
bayer.  Akad.  der  Wissenschaften  1861 —Sad  »  Handbu  der  Exj  Phjbiul  L 
The  account  given  here  is  chiefly  derived  from  N^eli »  work 

'  According  to  Hofmeister  the  starch  g  ams  m  (he  latex  of  E  pkorha  a 
exception;  nothing  however  is  kno  n  about  Ihcir  de  clopment  the  latex  ab 
toplasm-forming  subifancts,  prot  d  I  ch  j.e  hips  here  a!  o  tal.e  part  n 
the  slarch-grains. 
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cellulose  in  its  reactions '.  At  every  point  of  a  starch-grain  both  constituents  occur 
together;  if  the  granulose  is  extracted,  the  farinose  remains  behind  as  a  skeleton; 
.  this  skeleton  presents  the  internal  organisation  of  the  whole  grain,  but  is  iess 
dense  or-^flbrer  in  substance,  and  its  weight  amounts  to  only  from  2  to  6  p.  c. 
of  the  whole  grain.  Since  the  granulose  greatly  preponderates  and  is  present  at 
every  point,  the  starch-grain  shows  the  blue  granulose-colouring  with  iodine 
throughout  its  whole  extent. 

The  starch-grains  have  always  rounded  forms  organised  around  an  internal 
centre  of  formation  wnen  joung  and  small  the  grama  appear  to  be  al«a}S  spherical 
but  smte  their  growth  is  scarceh  e\er  unifurm  their  form  changes  into  ovoid  lenti 
cular  rounded  polyhedral  &c 

The  internal  organisation  of  the  -.tarch  grim  depends  essentially  on  the  dif 
ferent  distnbution  of  w  iter  in  it  (wa/  r  of  organtsalton)  Everj  point  of  the  gram 
contains  water  m  addmon  to  granulose  and  farinose  Most  usually  the  amount 
of  water  increases  from  without  inwards  and  ittims  its  maximum  at  a  fived  point 
m  the  interior  With  the  increase  in  the  proportnn  of  water  tlie  cohesion  and 
density  decrease  as  also  the  index  of  refraction  This  change  m  tht,  proportion  of 
water  is  not  however  constant  but  intermittent  To  the  outermost  least  witery 
layer  succeeds  a  sharply  defined  watery  la)er  to  this  aga  n  a  less  watery  one  and 
so  on  until  the  innermost  less  watery  denser  layer  surrounds  finallv  a  very  waterv 
part,  the  nucleus  All  the  layers  of  a  grain  are  disposed  round  this  nucleus  as  their 
common  centre  but  e\erv  layer  is  not  contmuouslj  developed  round  the  whole 
nucleus  in  small  spherical  j,rams  with  few  li)ers  this  is  alwa\s  the  case  tut 
when  their  number  increases  it  does  so  most  in  the  direction  of  most  iigorous 
growth  which  is  continuous  in  a  straight  or  curved  hne  with  the  direction  of  least 
vigorous  growth  This  line  is  called  the  axis  of  the  gram,  and  always  passes 
through  the  nucleus 

The  growth  ot  the  grans  of  starch  is  accomplished  exclusive]}  by  Iniussu^ 
ieptioii  new  particles  become  intercalated  between  thcie  already  existing  both  in 
a  radial  and  tangential  direction  by  which  means  the  proportion  of  w-iter  at 
particuhr  places  is  at  the  sime  lime  chanf,ed  The  joung  st  MS  ble  j,lobular 
starch  grains  consist  of  denser  less  watery  substance  in  this  is  formed  subse 
quently  the  central  watery  nucleus  in  the  htter  a  central  part  ma\  become 
denser  and  in  this  when  the  increase  in  size  has  advanced  sufficienilj  a  softer 
nucleus  maj  again  arise  It  ma)  however  also  hippen  after  a  scfter  nucleus 
surrounded  bj  a  dense  la>er  h-is  arisen  bv  differentiation  of  the  originally  dense 
grain  that  in  the  dense  laver  a  new  soft  one  ma)  ar  se  and  it  may  thus  betome 
split  into  two  dense  la)ers  the  inner  of  which  encloses  the  solt  nucleus  The 
la)ers   increase  in  Ih  ckness  and   curcum  fere  nee   bv    mtercalatii  n      When   a  h)er 


■[The 

most  ret^t  researches  see 

and  farinose 

is  one  of  mecba 

nical  or  i 

appears  not 

to  depend  on  tli. 

;  formatio 

of  the  mechi 

mi  cat  interpositii 

^.nofthe 

3rd  ed.,  vol. 

m.Sect.  1571. 

p.  616  et  : 

show  that  the  supposed  distinction  between  granulose 

molecular  condition  only.     The  coloration  of  starch  by  iodine 

of  a  definite  chemical  compound,  but  to  be  the  consequence 

idine  between  llie  molecules  of  starch  (see  Miller's  Chemistry, 
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has  attained  ■*  defntle  thickness  it  becomes  differemi itcd  h\  further  ^roMth  nto 
three  lajers  If  it  is  a  dense  later  waterv  substance  txcomes  inten,alated  in  its 
middle  and  the  dense  Ia)er  splits  into  two  h)ers  sepiraled  by  a  le'iS  di.n'ie  one 
But  when  a  watery  laver  becomes  sufliciend}  thick  its  middle  lamella  m3>  be- 
come denser  ind  a  neu  dense  lajer  be  thus  formed  bet'ween  two  less  dense 
lajers  This  piocess  of  sphttmg  of  the  la\ers  depends  on  their  increi'ie  in  thick 
ncbS  and  since  this  itself  is  the  most  Mgorous  where  the  laiers  are  intersected 
bj  the  loncer  branch  ot  the  i\is  of  growth  the  splittmgs  i  the  new  formations  of 
lajers  take  place  there  most  abundantly  and  least  so  on  the  opposite  side  of  the 
nucleus  where  the)  mat  even  entireh  cease  The  la)ers  of  the  more  quickly 
growing  side  of  the  grain  become  as  the)  pass  to  the  slowlj  growing  side, 
graduall)  thinner  and  finally  disappear  Lenticular  grams  {e  g  in  the  endosperm  of 
wheat)  have  a  lenticular  nucleus,  their  lasers  grow  most  quickh  in  the  direction  of 
the  radii  of  a  great  circle  Loncentnc  with  it  ajid  commonly  split  the  nucleus  re- 
maning central  If  on  the  other  hind,  the  growth  takes  place  in  one  diiection 
{e  g  in  tl  c  ovo  d  grains  of  the  pot  Uo  tuber)  the  nucleus  bLComea  eccentric,  is 
further  and  further  lemoved  from  the  Lcnlre  of  gravity  of  the  grain  and  is  m 
this  case  globulai  In  some  ellipsoidal  (in  the  cctjledons  of  peas  and  beans)  or 
elongated  grams,  the  nucleus  is  extended  in  the  direction  of  the  longest  axis 

It  IS  ver)  ccmmon  for  two  nutlei  to  form  m  a  small  )uiing  gram,  round  each 
of  them  la>ers  are  formed  and  the  growth  is  strongest  in  the  hne  tf  union  The 
distance  of  the  nuclei  from  one  another  becomes  continually  greater  thus  a  tension 
arises  in  the  few  layers  which  are  common  to  both  this  leads  to  the  formation 
ot  an  inner  fissure,  which  hes  at  right  angles  to  the  Ime  of  union  of  the  two 
nuclei  It  IS  continued  towards  the  outside,  vnd  the  gram  breaks  up  into  two 
half  grams  which  may  nevertheless  adhere  to  one  another  If  this  division  occurs 
more  often  compound  grains  arise  consisting  of  numerous  secondary  grams  the 
number  of  which  may  amount  e\en  to  thousands  (<■  g  m  the  endosperm  of  Spinacta 
and  Ait-tia) 

Compound  grains  of  from  two' to  ten  secondary  giains,  with  a  mulberr)  like 
appearance,  are  exiremel)  common  in  the  parenchjma  of  quickly  growing  plants, 
i  g  in  seedlings  of  Pha-:eoIus  and  stem  of  Cucuibxii  Grains  of  this  description 
are  different  in  tl  eir  origin  from  compound  grains  of  the  kind  which  occur  in 
chlorophyll,  in  this  latter  case  a  number  of  small  grains  exist  frcm  the  first, 
which  onH  touch  and  adhere  to  one  another  in  consequence  of  increase  of  size 
(See  Fig  45  P  47  ) 

Partially  compound  starch  grams  result  when  new  nuclei  with  their  surround- 
ing misses  of  lajers  are  formed  after  the  ^xvin  has  already  formed  several  lajers 
The  secondary  grams  appear  therefore  to  be  inclosed  within  the  layers  of  the 
mother  grain  In  this  case  also  ten  ion  arises  from  the  unequal  growth  of  the 
common  lateis  and  of  tho'^c  belong  ng  to  each  secondarv  gram  leading  at 
length  to  the  formation  of  fissures ,  but  these  do  not  usuallj  extend  to  the  outside, 
the  secenlary  grains  remain  united 

(a)  The  growth  of  starch-grains  by  intussusception  must  be  inferred  from  the  fol- 
lowing considerations:— Supposing  that  the  formation  of  layers  occurs  by  deposition, 
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grains  would  be  found  the  itermost  hjer  of  which  would  be  a  wate  y  one  th  s 
however  ne>er  ociirs  the  oitermost  k)er  is  alwa\s  tie  dense'it  and  kist  water) 
According  to  tins  supposition  the  nucleus  would  also  possess  the  properties  of  the 
youngest  grains  whereas  the  nucleus  s  always  soft,  the  jo  ngest  grains  dense  The 
theory  of  deposition  could  only  explain  the  formation  of  part  ally  compound  grains 
if  we  suppose  that  the  coiimon  hjers  had  been  sub'^equetitly  dppos  ted  round  two  or 
more  previously  isolated  grains  b  it  the  com 
mon  hyers  wouli  hi\e  a  different  form  and 
the  fissures  in  the  interior  ot  smh  grains 
reniai  i  unexplained  The  theory  of  deposi 
tion  finall)  is  inccmpetent  to  explain  whj 
m  the  secondar)  grain  the  strongest  f,rowth 
always  tates  place  in  the  Ine  joning  the  r 
nuclei  ("Fig  49)  The  older  hypothesis  ol  a 
deposition  of  new  layers  from  within  pre 
supposes  that  the  stireh  grains  were  at  first 
hollow  vesicles  which  has  never  been  ob- 
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(b)  Ibe  Extraction  of  the  Granulose  of  starch-grains,  leaving  behind  a  skeleton  of 
farinose,  can  be  brought  about  in  very  different  ways: — i.  By  maceration  in  saliva  at 
an  elevated  temperature;  in  the  starch  of  Canna  indim  the  extraction,  according  to 
H.  von  Mohl,  is  slow  at  35°-40°  C,  but  is  accomplished  in  a  few  hours  at  5o°-55''  C. ;  a 
lower  temperature  suffices  for  wheat-starch,  a  higher  is  required  for  that  of  the  potato; 
Nageli  gives  in  general  40°-47''  C.  2.  According  to  Melser.s  a  similar  extraction  may  also 
be  effected  by  organic  acids,  diastase,  and  pepsin.  3.  According  to  Nageli  it  can  be 
accomplished  also  by  very  slow  action  of  hydrochloric  or  sulphuric  acid  which  has  been 
so  diluted  with  water  that  it  does  not  cause  the  starch-grains  to  swell.  4.  According  to 
Franz  Schulze,  the  granulose  is  extracted  in  from  two  to  four  days  by  3  saturated 
solution  of  sodium  chloride  containing  i  p.  c.  of  hydrochloric  acid,  at  a  temperature  of 
60"  C;  the  residuum,  which  perfectly  exhibits  the  organisation  of  the  starch-grain, 
amounted,  according  to  Dragendorff,  to  5-7  p.  c.  in  potato-starch,  a'j  p.  c,  in  wheat- 
starch.  These  skeletons  are  not  coloured  by  iodine  (Nageli's  preparation  with  sul- 
phuric acid  after  fifteen  months'  extraction),  or  they  become  copper-red,  and  in 
places  where  the  extraction  was  not  perfect,  bluish.  They  do  not  swell  in  boiling 
t  form  paste.    At  70°  G.  the  whole  of  the  starch-grain,  according  t 
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from  without  inwirds  the  extneted  places  are  coloured  copper  red  h\  dilute  iodine, 
the  remainmj,  nidss  blue  then  the  gran  brealf;  up  into  pieces,  which  are  tinally 
completely  dissolved  (as  in  the  endo';perm  of  germinating  wheat  Fig  50  B)  In 
other  cases  tie  s*luton  begin'  aho  in  particular  spot';  of  the  circumference  the 
whole   lubstance     hcweier    gradually   dissolve'      holts    are    formed    and    finall)    the 


gra  n  breaks  up  in  o  pieces  (; 
germinating  beans  the  sol  ition  of  the 
ellipsoidal  grains  begins  from  within  but 
before  they  break  up  into  pieces  the 
granulose  is  often  so  completely  extracted 
that  they  assume  with  lodme  a  copper  red 
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accumulation  of  the  cell  sap  as  vacuole-fluid  (see  tigs,  i,  41,  42,  pp.  2,  42,  43).  The 
increase  in  size  of  rapidly  growing  cells  is  nearly  proportional  to  the  accumulation 
of  the  sap  in  them.  The  hydrostatic  pressure  which  the  vacuole-fluid  exercises  on 
the  primordial  utricle  and  cell-wall  is  a  factor  in  determining  the  form  of  the  cell. 

The  substances  dissolved  in  the  water  of  the  cell-sap — whether  salts  absorbed  from 
without,  or  compounds  produced  in  the  plant  itself  by  assimilation  and  metabolism — 
are,  as  such,  not  immediately  the  subject  of  morphological  observation,  to  which  we  are 
for  the  time  confining  ourselves.  But  the  cell-sap  sometimes  contains  substances  the 
presence  of  which  in  the  cei]  in  characteristic  forms  can  be  proved  by  simple  reactions, 
or  which  occur  in  nature  in  the  form  of  definite  structures,  as  drops  or  granules.  Among 
the  most  important  of  the  former  is  Inulin^.  This  substance,  nearly  related  in  com- 
position to  starch   and  sugar,  occurs   in   the   cell-sap   of  many  CompositEe °.      In  sap 

'  [In  thfitJ  ft      t        It  htmbtff       hi'  which  includes  as  a  general 

term   any   t       f    m  t  h  ch  ff   ted         ti      j.     d    t       f  assimilation,   was   translated 

'metistas  I      h    h        t  f        ml  phj      I  gj  Ih  d       1  as  been  rendered  by  the  terras 

metabolism  d  tbl(  My  Epot>Le  n86  Foster's  Text-book  of  Physio- 
logy). F  th  sak  r  f  rm  th  e  I  W  il  b  d  [t  d  n  the  following  pages.  The 
products  of         bit        f    m  U       b       b  tly  t  m  ed  by  Foster '  melaboliles.'] 

'  Sacl  B  t  Z  I  p  7  864  —P  and  D  I  uh  m  Be  t  ag  zur  Pflanzen -Physiologic; 
Preisschrift  M       h    87    — D    g    d  rff  M     n  1  en  M      graphie  des  Inulins,  Petersburg 

1870. 

'  [Kraus,  Bot.  Zeitg.  1875,  p.  i ,  i,  shows  that,  in  addition  to  CompositJE,  iuulin  is  found  also  in 
the  Campanulacere,  Goodeniaceie,  Lobeliaceze,  and  Stylideie;  and  in  these  orders  not  only  in  the 
underground  organs,  but  also  in  the  stems  and  in  the  cells  of  Ihe  leaves  which  contain  chlorophyll. 
Its  solubility  in  water  appears  to  vary  ] 
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obtained  by  pressure  or  boiling,  it  precipitates  spontaneously  after  some  time  in  the  form 
of  a  white  fine-grained  precipitate.  From  solutions  it  crystaDises  in  the  form  of  so- 
called  Sphere-cryitah  (Fig,  51  A),  consisting  of  crystalline  elements  disposed  in  a  radiate 
manner.  Within  the  cells  it  may  be  made  visible  as  a  finely  gianular  precipLtate  by 
drying  or  by  rapid  removal  of  water  by  alcohol  (Fig.  51,  F)  It  is  abundantly  pre- 
cipitated in  the  cells  on  dipping  thin  sections  of  the  tissue  mto  alcohol,  m  the  form  ot 
smaller  sphere- crystals  which  become  readily  visible  on  addition  of  water  (Fig  51,  B) 
They  are  obtained  much  larger  by  laying  entire  specimens  of  Jcelabularia  or  large  pieces 
of  tissue  containing  inulin  (tubers  and  stems  ot  the  dihlia  or  Jeruhalem  artichoke)  for 
a  longer  time  in  alcohol  or 
glycerin;  in  the  latter  case  a 
sphere-crystal  very  commonly 
includes  several  cells  of  the 
tissue  (Fig,  5t,  £),  a  proof  that 
the  crystalline  arrangement  is 
not  necessarily  destroyed  by 
the  cell-walls,  Similar  forms 
(as  in  Fig.  51,  B)  are  formed 
when  tissues  containing  inulin 
freeze ;  and  they  do  not  again 
become  dissolved  in  the  cell- 
sap  on  thawing.  Since  the 
sphere  -  crystals  consist  of 
doubly  refractive  crystalline 
elements  arranged  radially, 
they  show,  with  polarised 
light,  the  characteristic  cross. 
They  are  not  capable  of 
swelling,  are  slowly  dissolved 
in  a  large  quantity  of  cold 
water,  rapidly  in  a  small  quan- 
tity of  warm  water  of  from 
So^-ss"  G.;  in  nitric  or  hydro- 
chloric acid  or  potash  solu- 
tion they  dissolve  easily,  the 
solution  always  commencing 
from  without;  by  boiling  in 
very  dilute  sulphuric  or  hydro 
hi  d  th  1 
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minutely,  and  has  ascertained  (as  Lebreton  also  thought,  see  Husemann,  Die  Pflanzen- 
stoffe,  p.  709)  that  they  consist  of  Hejperi/I'm.  It  is  remarkable  that  only  some  indi- 
viduals of  the  species  named  yield  sphere-crystals,  as  for  instance  those  in  the  botanical 
garden    t'W        bg        t  thgd        tMbgjldd  them  in  its  unripe  fruits 

in  187      b  t  n  t  Sph  y  t  1      f      g  n       t      ture  (combus-tible),  but  of 

othent  k  t     t        h         I      b        dese  b  d  by  Kraus  and  Russow ;  the 

former  f       d  th  th       p  d  rm       t  tl      1  d    t        of  Coccultu  laurifoUui,  on 

treatra     t     f  th     f     h       11        th    1     h  1      1>  water.     Russow'  found,  in 

the  liv    g       ]l       f  th     p  t    1         d  phjll     fM       (  filia  ^ad  Ans'iopterli  erecia, 

sphere      y  t  1      h    h        Id  11      y  t  1         th  te  body  as  a  central  nucleus, 

Wh  th  I  g  IL  d  d  t  U  thes  st  t  h  bt  d  th  m  b  t  t  t 
w  th    I     h  1    th  >  1  ft  beh    d  mb    t  d      bl    q       t  ty    f      h      R        w 

It       dmlbod  th         t        i  S I  g     tl    M  d       tpl       hds 

wh      th    pi     i    h  d  1       t         m    t  1    h  I     H    st  t      th  t    II  th        ph    e- 

y  t  I    h        th    p    pe  ty     t   tai      g      th 

1     th        II     p     t  th     H  p  t   ^  th  1  d  1        f       pe    1 

pp  I         1  tt      Pf  ff       t  t      th  t  th  y  f         d        th  y  g  1 
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S  h        d  D      M  k  osk  p  p   49  )      Th   y  t  II 
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bt  ft  th        ptd        Pttf  tthtph        Ibdesf 
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th  t       pi    t  II  tl      pet    I        f  0     y  d  ^        II 

dgtMjthy  1  D        d         10  d  dgtL 

Glyj'    b 

Sect.  ii.  Crystals  in  the  Cells  of  Plants '.—The  crystal-like  forms  de- 
scribed in.  Sect.  7,  in  which  proteids  are  sometimes  found,  though  always  mixed 
with  other  organic  compounds,  are  not  common  phenomena,  and  must  not  be 
placed  in  the  same  category  as  the  very  abundant  true  crystals  of  lime  salts  now 

'  Untersuchuiigen  iiber  die  LeitbiindelkryptoEanien,  Petersburg,  1872,  p.  109. 

'  Physiol.  Untersuch,  pt  I,  Ueber  Reizbarkeit,  Leipzig  1873.  p.  13  el  ieq, 

'  See  Book  III.  Chap.  i.  Sect,  i,  Traube's  Hrtilidal  cells. 

'  Sanio.  Monatsber.  der  Berl.  Akad.,  April  1857,  p.  554.— Hanstein,  ibid.  Nov,  17,  1859.— 
Holzner,  Flora.  18S4,  pp.  27,?,  556,  and  1S67,  p.  499.^Hilgers,  Jahrbuch  fiir  wiss.  Bot.  vol.  VI. 
1S67,  p.  285.— Rosanoff,  Bot.  Zeitg.  1865  and  1867.— Solms-Laubaeb,  Bot.  Zeilg,  i8;i,  nos.  31-33. 
— Pfitzer.  Flora,  187;.  p.  97. 
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to  be  described  bcth  from  a  raorphologicil  and  phj  siological  point  of  view  the 
difference  is  very  great 

Ca/  turn  carionate  occurs,  where  it  has  hitherto  been  observed  in  plants,  not 
in  the  form  of  large  cr^itala  w  th  clearlj  defined  faces,  but  in  finely  granular 
deposits  whose  crystalline  nature  is  recognised  only  by  their  behaviour  to  polarised 
light  (lUutn mating  m  a  dark  field  of  view  bj  a  crossed  Nicol);  while  their 
solubii  tj  in  \seak  acids  vt  th  evolution  of  bubbles  of  gas  characterises  them  as 
calcum  carbonate  It  occurs  -iccoriing  to  De  Barj  m  the  form  of  roundish 
grains  m  the  phsmod  um  of  Phyiarvm  The  calcium  carbonate  imbedded  in 
the  cell  wills  of  mam  marine  Alg^  4.i.elilulaiii  C  rallind,  Melobesia,  &c.,  seems 
to  be  still  more  finel)  d\ided  their  structure  becoming  in  consequence  stony  and 
bnttie  It  occurs  m  an  exces  iveh  fine  tale  tf  divsicn  in  the  form  of  molecules 
in\isible  e\en  under  a  magnifjing  power  of  800  in  the  structures  known  as 
Cyslolilhs  club  shaped  outgro"Mhs  of  the  walls  of  certain  cells  projecting  into 
the  cavity    found  in  Urticace'e  and  AcanthiceK  (ztdi  infra). 

All  other  crjstals  found  in  plants  and  hitherto  accurately  examined  are  shown, 
by  their  form  where  ths  is  recogmsable  and  bj  their  reactions,  especially  by  their 
insolubility  m  acetic  acid  and  the  r  solubihty  in  hydrochloric  acid  without  evolution 
of  bubbles  to  consist  of  Calnum  oxiiale  This  salt  is  widely  distributed,  especially 
in  the  tissue  of  the  Crustaceous  Lichens,  most  Fungi,  and  Phanerogams,  and  in 
the  form  of  lery  small  ranules  of  cr}Etalline  structure  of  clusters  of  bundles  of 
needles  {Raphidef)  or  often  of  large  beautful  individuals  with  perfectl)  firmed 
cr)staUiiie  faces 

In  Fungi  ani  lichens  the  cnstalline  granules  are  commonly  small  and  ire 
not  deposited  in  the  interior  of  the  ccOs  but  on  the  outside  of  the  cell  walls 
and  frequently  in  such  large  numbers  that  the  h^phaf  tissue  becomes  opaque  and 
brittle  m  consequence  In  some  Lichens  as  in  Psorosmi  hnUgetum  according  to 
De  Eary  minute  granules  of  calcium  oxalate  are  deposited  in  the  cell  walls  of 
the  dense  cort  cal  tissue  It  is  onij  excej  tionally  that  crj  stalhne  deposits  occur 
in  the  interior  of  the  cells  of  Fungi  as  for  example  m  the  form  of  radute 
spheres  (sphere  crjstals)  m  the  swellings  of  some  of  the  hvph'C  of  the  mjcehum  of 
Phallus  camms 

Little  or  noth  ng  is  known  of  the  occurrence  of  cakium  oxalate  m  most  Alg'e 
in  Muscmea;  and  m  \  a&cular  Cryptogams ,  but  it  is  fcund  \ery  abundantly  m  the 
tissues  of  most  Phmerogims  In  Dicotjledons  it  often  occurs  m  the  form  of 
larjjC  beaut  fulh  perfect  Ctyslah  tn  the  citiiies  of  alls  {e  g  m  the  mesophill  and 
petiole  of  B  goma  and  the  stem  and  root  of  Pkaseolus)  Clusters  of  crystals 
are  however  much  more  commop  in  this  class  and  are  especiallj  abuidant  in 
the  bark  ot  manv  trees  in  the  rhi?omi.  of  Rheum  &c  They  are  deposited  in  a 
protoplasmic  nucleus  («  g  m  the  cotjledons  of  Cardiospermtmi  Hahcacaliitm)  the 
separate  crystals  being  completeU  formed  only  in  the  exposed  part  Sometimes 
also  (as  m  the  hairs  of  Cumtbitd)  small  and  perfecllj  developed  crystals  are  seen 
in  the  circulating  protoplasm 

In  Monocotyledons  espeaally  those  allied  to  the  Lihacese  and  Aroidese  the 
crjstals  of  calcmm  oxalate  occur  mosllv  in  the  form  of  bundles  of  long  very  slender 
needles,  forming  the  so  called  Raphides,  which  lie  parallel  to   one  another,  and 
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usually  more  or  less  completely  fill  up  the  cells,  which  are  mostly  elongated.  Needles 
of  this  kind  are  formed  also  in  great  quantities  when  the  leaves  of  many  woody 
plants  change  their  colour  and  lose  water  by  evaporation  in  the  autumn,  although 
absent  during  the  period  of  growth. 

Where  the  crystals  lie  in  the  cavity  of  the  cell— and  this  is  usually  the  case  with 
Angiosperms — they  are  commonly,  perhaps  always,  coated  by  a  thin  membrane, 
which  remains  after  solution  of  the  calcium  oxalate,  and  must  probably  be  con- 
sidered as  a  coating  of  protoplasm.  This  is  also  the  case,  according  to  Payen, 
even  with  raphides,  and,  according  to  the  accurate  observations  of  others,  also  in 
the  larger  single  crystals  and  clusters. 

In  Angiosperms  calcium  oxalate  occurs  apparently  only  rarely  deposited  in  the 
substance  of  the  cell-wall;  Solms-Laubach  (/.  r.)  cites  different  species  of  Mesem- 
bryanthemum  {M.  rhombeum,  trgrinum  laceruni,  slramineum, 
Jjemanni)  and  Sempervivum  calcareum,  in  which  fine  granules 
or  (in  the  last  case)  larger  angular  fragments  of  crystalline 
calcium  oxalate  are  scattered  through  certain  layers  of  the 
outer  wall  of  the  epidermal  cells  of  leaves.  Among  Mono- 
cotyledons, Pfeffer  has  observed  well-developed  crystals  in 
the  thickened  cuticle,  and  in  cells  which  lie  deeper  in 
the  tissue,  of  Dracana  reflexa,  arborea,  Draco,  and  umbra- 
califim. 

The  occurrence  of  crystals  of  calcium  oxalate  in  the  sub- 
stance of  the  cell-walls  is,  on  the  other  hand,  according  to 
Solms-Laubach,  of  common  occurrence  in  Gymno.sperms. 
They  generally  consist  of  numerous  small  granules  of  un- 
recognisable shape ;  not  un frequently,  however,  they  are 
well-developed  crystals.  In  the  bast-tissue  of  all  pails  of 
the  stem  deposits  of  this  kind  are  found  in  the  CupressineK, 
Podocarpus,  Taxus,  Cephalolaxus,  and  Ephedra ;  Ihey  are 
absent,  on  the  other  hand,  from  Phylloctadus  trichomanoides, 
Salisiuria  adiantifolia,  Dammara  australis,  and  from  all  Abie- 
tineje  that  have  been  examined.  The  small  angular  granules 
or  larger  individual  crystals  are  usually  deposited  in  the  soft 
middle  lamella  of  the  walls  between  the  bast-cells.  Calcium 
oxalate  occurs  still  more  widely  deposited  in  the  celNwal! 
of  the  cortical  parenchyma  of  the  branches  and  leaves  of 
Gymnosperms,  with  the  possible  exception  of  some  Abie- 
of  H«w/taftii  ™'^7l™'^'iih''i  tincK ;  here  also  the  middle  lamella  of  a  common  cell-wall 
K'  °a£  toiSId!^'  ti  ths  ^^  ^^  place  where  the  crystals  are  formed,  as  also  in  the 
ouMt ujn-rrfiho very  iiikt  cell-  buodlcs  of  thick-wallcd  hypodermal  cells  {e.g.  Ephedra). 
The  thick- walled  often  branched  prosenchymatous  colls 
abundantly  scattered  through  the  parenchymatous  tissue  of  Gymnosperms,  the  so- 
called  '  Spicular  cells,'  not  unfrequently  contain  crystals  deposited  in  the  outer  layers 
of  their  cell-walls ;  these  occur  in  unusually  large  numbers  and  great  perfection  in 
Welwilschia  mirabilis  (Fig.  53).  If  the  crystals  are  dissolved  in  hydrochloric  acid, 
the  empty  cavities  in  the  substance  of  the  cell-wall  retain  completely  the  form  of 
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the  crystals,  so  that  the  unpractised  observer  thinks  that  he  still  sees  them.  Fine 
granules  are  abundantly  scattered  throug:h  the  thickened  cuticle  of  Gymnosperms 
(Welwilschia,  Taxus  baccata.  Ephedra,  &c.) ;  or,  in  other  cases,  well-developed  small 
crystals  {Biota  orien/alis,  Libotedrus  Doniana,  Cephalotaxus  Fnrtund,  Sc), 

Closely  related  to  these  deposits  in  the  cell-wall  itself  are  the  clusters  of 
crystals  discovered  by  Rosanoff  {Bot.  Zeitg.  i86g,  1867)  in  die  pith  of  Kerria 
japonica  and  Ricinus  communis,  and  in  the  petiole  of  some  Aroideie  {Anihurium, 
Philodendron,  and  Poihos),  which,  lying  in  the  cavity  of  the  cell,  are  attached  to 
the  cell-wall  by  simple  or  branched  threads  of  cellulose,  and  are  even  covered  with 
a  cellulose  membrane.  Pfeffer  has  shown  that  the  large  and  beautifully  developed 
crystals  which  occur  in  the  leaves  and  branches  of  Citrus  rul/^aris,  as  well  as  in  the 
bark  of  Salix  aurita,  Celiis  amtralis,  Rhamnus  Frongula,  Acer  opuHfolium,  the 
Lombardy  poplar,  beech,  and  oriental  plane,  are  also  enclosed  in  a  cellulose 
membrane  which  is  often  quite  thick,  and  united  in  its  growth,  in  one  or  more 
spots,  with  the  cell-wall. 

The  Crystalline  forms  in  which  the  calcium  oxalate  occurs  in  the  cells  of  plants 
are  extremely  numerous,  a  result  of  the  circumstance  that  this  salt  crystallises  in 
two  different  systems,  according  as  it  is  combined  with  six  or  with  two  equivalents 
of  water.  The  calcium  oxalate  containing  six  equivalents  of  water  of  crystallisation 
(p  J^fCj  O5  +  6  aq,  J  crystallises  in  the  quadratic  system,  the  fundamental  form 
being  an  obtuse  quadrate- octahedron  (the  shape  of  a  letter-envelope) ;  combinations 
of  the  quadratic  prism  with  the  obtuse  octahedron  are  met  with  in  abundance.  The 
raphides,  however,  belong,  as  respects  their  behaviour  in  polarised  light,  according  to 
Holzner,  to  the  klino-rhombic  system,  in  which  calcium  oxalate  crystallises  with  two 
equivalents  of  water  of  crystallisation  (p^qJC,  0,-|-2  aq.Y  The  fundamental  form 
of  the  numerous  combinations  belonging  to  this  class  is  a  hendyohedron ;  it  produces 
derivative  forms  which  are  very  similar  to  calcspar  (as,  for  instance,  in  the  deposits 
in  the  cell-wall),  and  others  very  similar  to  calcium  sulphate.  The  clusters  of 
crystals  (sphere-crystals)  may  consist  of  individuals  of  one  or  the  other  system^. 

a.  As  respects  its  physiological  significance,  calcium  oxaliite  is  a  metabolic  product 
which  is  of  no  further  use  to  the  plant,  an  excretion  similar  to  the  volatile  oils,  resin, 
and  other  substances  which  are  often  contained  in  glands. 

When  the  crystals  remain  so  small  that  their  volume  appears  inconsiderable  in  pro- 
portion to  that  of  the  cell  itseif,  th  1  tt  m  y  p  se  p  otoplasm  capable  of  motion, 
nucleus,  chlorophyll,  and  starch,  a  th  ase  f  th  h  rs  f  Cucurb'ita  or  the  mesophyll 
of  Begonia.    When,  on  the  other  h  nd        rj  tal  1    ter  or  a  bundle  of  raphides, 

or  finally  a  mass  of  tmall  crystals,  n  a  iy  fill      p  11  ther  oi^anised  constituent  is 

usually  present.  The  cells  whicl  t  n  raph  d  h  e  loosened  walls  which  easily 
swell,  and  the  bundles  of  raphide  g        ally      rrou  d  d  by  a  thick  gummy  mucilage. 

Such  cells,  which  serve  as  recept    1      f  ystal     m  y  b     compared  to  simple  glands 

which  contain  volatile  oils  and  sii    1      ub  t  n 


*  [Vesqne  has  succeeded  in  reprol       g  arti       lly  th    cry  talline  forms  in  which  caldum 
oxalate  makes  its  appearance  in  vegetabl      ss  Rapli  d  p  oduced,  according  to  his  eiperi- 

ments,  in  Ihe  presence  of  glucose  and    1        f  d  S     A       des  Sc.  Nat.,  sth  ser.,  vol.  XIX. 
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b.  The  crystals  of  calcium  ox  1  t  h  h  bedd  d 
a  common  cell-wall,  such  as  thos  t  i  th  t  bas  I 
been  formed  in  the  very  spot  wh  th  y  Pfit 
hand,  that  the  crystals  found  in  C  -a  /^  f 
become  enclosed  at  a  subsequen  p  od  by  II  los  se  i 
protoplasm,  which  then  coalesces  t  gr  vth  t  i 
wall.     It  is  highly  probable  that  th                  tl       a&e         th 

c.  Cystotilhi  are  at  present  kno  ii       ly      th    Urt  I 
Acanthaceze   (Jmiicia,   Jdhatoda).     1      tl      tl          first 
isolated  but  numerous  cells  belon      g  t     th      p  d  m   I    j  t 
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cellulose,  between  the  molecules  of  which  those  of  the  lime  have  been  deposited.  The 
cystoliths  originate  (in  Ficuj  elastica  on  Schacht's  authority,  in  Brmisonetia  from  my 
own  observation)  as  wart-like  outgrowths  from  the  inner  side  of  the  cell-wall,  which 
then  swell  up  into  a  club-shaped  form  at  their  free  end,  and  become  impregnated  with 
lime.  After  the  lime  has  been  dissolved  and  solution  of  iodine  added,  it  is  seen  that 
the  surface  of  the  cystolith  is  coated  with  a  thin  protoplasmic  membrane  in  which  the 
original  sculpture  of  the  whole  can  still  be  perfectly  made  out. 


[M=Nab  gives  (Journal  of  Botany,  new  series,  vol,  I.  p.  33)  for  the  composition  of  the 
potassium  chlorate  solution;  three  grains  of  potassium  chlorate  dissolved  in  two  diaclims  of 
nitric  acid  of  sp.  gr.  110.  Tlie  preparation  of  ■Schultz's  solution'  is  thus  described  by  Schacht 
(The  Microscope  and  its  application  to  vegetable  anatomy  and  physiolt^y.  translated  by  F.  Currey, 
p.  43) ;  Zinc  is  dissolved  in  hydrochloric  acid  ;  the  solution  is  allowed  to  evaporate  under  contact 
with  meta.ilic  zinc,  until  it  attains  the  thickness  of  a  syrup ;  the  syrup  is  then  saturated  with 
potassium  iodide,  the  iodine  added,  and  the  solution,  when  necessary,  diluted  with  water.  For  the 
'  iodine-solution '  the  same  authority  recommends  one  giain  of  iodine  and  three  grains  of  potassium 
iodide  in  one  ounce  of  distiiled  water.] 
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MORPHOLOGY    OF    TISSUES. 


'^i.i.T  I  Deflation.— In  the  widest  sense  of  the  term,  every  aggregate  of 
eel  which  obe>s  i  common  law  of  growth  (usually  however  not  uniform  in  its 
action)  maj  Ik,  termed  %  Tissw.  Aggregates  of  this  kind  may  originate  in  different 
ways  The  cells  ma\  he  at  first  isolated  ;  suhsequently  during  their  growth  they 
may  ceme  into  conUct,  and  so  completely  coalesce  at  the  surfaces  of  their  walls 
th^t  ih     bouniarv  between  them    becomes  indistinguishable.     This  happens,  for 

example,  in  the  sister-cells 
which  have  arisen  by  divi- 
sion in  the  mother-cells  of 
Pedidstrum,  Calasirum,  and 
Hydrodicfyon ;  the  sister- 
cells  within  the  mother-cell 
have  a  'creeping'  motion 
which  lasts  for  a  consider- 
able time  before  they  be- 
come united  into  a  plate 
{Pediaslrum)  or  into  a  sac- 
like hollow  net  (Hydrodic- 
iyon),  and  continue  to  in- 
crease as  a  tissue.  In  the 
same  manner  the  sister- 
cells  which  arise  in  the  em- 
bryo-sac of  Phanerogams 
by  free-cell- formation  unite 
with  one  another  and  with 
the  wall  of  the  embryo-sac  itself,  continuing  then  to  develop  as  a  continuous  tissue 
(the  endosperm)  and  to  increase  by  division. 

In  Fungi  and  Lichens  tissues  originate  by  the  juxtaposition  and  apical  growth 
of  slender  filaments  consisting  of  rows  of  cells  (hyphse),  and  of  different  orders 
of  branchlets  from  them;  each  filament  has  its  own  growth,  increasing  the 
number  of  its  cells  by  division,  and  branches  copiously;  but  this  takes  place  in 
such  a  manner  that  the  different  hyphfe  undergo  a  similar  development  at  definite 
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spots  on  the  whole  body  of  the  Fungus  or  Lichen,  so  as  to  fonn  surfaces,  threads, 
hollow  structures,  &c.,  which  possess  a  common  growth,  and  yet  consist  of  single 
elementary  structures  developing  individually  (Fig.  55). 

With  the  exception,  however,  of  the  instances  named,  and  of  some  similar 
ones,  the  formation  in  the  vegetable  kingdom  of  multicellular  bodies  obeying  a 
common  law  of  growth  always  arises  from  the  cells  which  originate  by  bipartiiion 
from  common  mother-cells  remaining  in  connexion;  the  cells  are  in  these  cases, 


at  least  originally,  so  united   that  they  appear  like  chambers  in  a  mass  which 
continues  to  grow  as  a  whole  (Fig.  56). 

The  two  first-named  kinds  may  be  distinguished  &&  false  tissues  from  the  latter  or 
true  form ;  but  there  is  no  sharp  boundary-line  between  them.  In  many  cases,  for 
example,  the  endosperm  is  only  in  its  rudimentary  state  a  false  tissue,  due  to  tlie 
coalescence  of  isolated  cells;  in  its  further  development  by  cell-division  it  becomes 
a  true  tissue  {e.g.  Ricinus,  &c.).  The  cortex  of  many  Alg^  and  of  the  genus  Cbara 
is  formed  by  the  coalescence  of  isolated  filaments ;  but  the  result  cannot  be  distinguished 
from  true  tissues.     Niigeli  and  Schwendener  (Das  Mikroskop,  vol.  II.  p.  563  ei  jeq.)  may 
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be  consulted  further  on  the  growth  of  Jlcrochmtica. 
Deleiieria  Hypoglasiwi,  and  the  leaves  of  Mosses '. 


'  pul-vereum,  Stypopodiui 


condary,' 
Cell-wall.' 


yormatioa  of  the  Common  Wall  of  Cells  combined  into  a 

e  clI  wall  between  twj  adjoining  cells  is  thin  it  ippeais  even 
\^hen  \en  lii£,l  Ij  magn  fied  s  ni,le  ii  d  some 
times  thib  IS  also  the  case  when  it  has  alrtady 
attained  a  considerable  thickness  as  m  succulent 
parench)mat"ius  cells  Usual!)  it  is  onh  ^  hen  the 
wall  has  become  moderately  ttick  that  it  can  be 
seen  that  the  one  sidt  of  the  partition  wall  belongs 
to  ore  the  ether  to  the  adjoining  (,ell  If  strati 
fication  and  diflerentiat  on  into  laiers  occur  m  a 
sufl  cientl)  thiLkened  wall  between  two  cell  a 
midJlc  hmi.lla  alwa)S  becomes  di'icernible  (Fig 
57  m)  on  either  side  of  which  the  cellulrse  is 
superpo  ed  in  the  form  of  layers  and  shells  gene- 
rally symmetricailv  distiibuted  so  that  those  on 
one  side  ippear  to  belonf,  exclusively  to  the 
one  adjoinmg  cell  those  on  the  other  side  to  the 
other  cell  (Fig  5J  i)  The  impression  may  thus 
be  given  is  if  the  lajers  which  are  concentrically 
deposited  round  each  cell  cavity  formed  the  wall 
belonging  to  it  alone  while  the  m  idle  lamella 
belonged  to  a  common  matrix  in  which  the  ceils 
are  imbedded  or  is  if  it  were  excreted  from  the 
neighbouring  cells  Both  Mews  were  actuiUj  held 
for  a  cons  derable  time  and  the  middle  lamella 
wis  then  termed  'Intercellular  'Substance  If  the 
older  fr^^ments  of  tissue  represented  in  Fig  5J  are 
compared  with  the  younger  conlitnn  of  the  same, 
the  thought  at  first  sugg^ests  itself  that  the  m  ddle 
T-a  n  tmiide  iamellse  may  be  the  ong  nal  thin  walls  on  whn,h 
^uieca«tvof  iH-  the  thickening  lajers  have  been  deposited  on  both 
iheHMiofiB/o  sides  this  view  has  also  found  its  defenders, 
auiB- sbnMnscBiir  by  whom  the  middle  lamella  was  distinguished 
SMI.  as  the  '  Primary  Cell-wall.'     The  remaining  thick- 

ness   is    then    correspondingly  described    as    '  Se- 
is  differentiated  into  two  shells,  as   '  Secondary '  and  '  Tertiary 


'  On  Ihe  formation  of  the  cortex  of  Ceramiaceie  see  Nageli,  Die  neuereii  Algensysteme 
(Neuenbiug  184;),  and  Nageli  und  Cramer,  Pflanz^nphysiologische  Unlersuchungen. 

'  H.  V.  Mohi,  Vermischte  Schriften  botanischen  Inhalts.  Tubingen  1845,  p.  311  et  seq. — 
Ditto,  Die  vegetabilische  Zelle,  p.  196. — Wigand.  Inleice'Iula-rsnbstans  nnd  Cuticula,  Braunschweig 
1850.  —  Schacht,  Letirbnch  der  Anatomic  und  Physiologie  der  Gewacbse,  1856,  vol.  I.  p.  loS. — 
Miiller,  Jahrb.  fur  wiss.  Bot.vol.  V.  1867,  p.  387.— Hofmeisler,  Lehre  von  der  Pflannetuelle,  Leipzig 
1867,  S  3'- 
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In  lignified  tissues  the  middle  lamella  is  generally  thin  but  strongly  refractive, 
and  is  formed  of  dense  substance  not  capable  of  swelling;.  When  the  rest  of  the 
substance  of  the  cell-wall  has  been  dissolved  in  concentrated  sulphuric  acid,  it 
remains  (in  fine  transverse  sections)  as  a  delicate  net-work ;  if,  on  the  other  hand, 
the  cells  are  isolated  by  boiling  in  potash  or  nitric  acid,  this  middle  lamella  is 
dissolved,  while  the  rest  of  the  cell-wall  is  preserved,  as  in  all  wood-cells  and 
Very  many  bast-cells.  In  other  cases,  as  has  alreadj'  been  mentioned  in  Sect.  4, 
the  middle  layers  of  the  partition- wall  of  adjoining  cells  are,  on  the  contrar}-, 
converted  into  mucilage ;  the  layer  of  cellulose  immediately  surrounding  each 
cell-cavity  is  dense,  and  the  whole  appears  as  if  the  cell-wall  were  imbedded  in 
a  mucilaginous  refractive  matrix  (the  so-called  'intercellular  substance');  this  occurs 
in  many  Fucacea  and  in  the  endosperm  of  Ceratonia  Siliqua  (Fig,  39,  p.  36).  On 
a  fine  transverse  section  through  the  cambia!  tissue  of  a  branch  of  Pinm  syl- 
vestris,  the  two  phenomena  here  described  may  be  seen  side  by  side;  the  wood- 
cells  show  the  thin  dense  middle  lamella;  the  young  bast-cells  appear  deposited 
in  a  soft  mucilaginous  substance,  which  is  especially  thick  between  the  radial  rows 
of  cells,  and  is  interspersed  with  fine  strongly  refractive  granules  (crj'stals);  but 
both  forms  arise  out  of  the  same  young  tissue  (the  cambium),  the  walls  of  which 
are  simple  thin  lamellse,  between  which  the  cell-cavities  themselves  appear  as  so  ■ 
many  compartments.  Objects  "of  this  kind  are  well  adapted  to  prove  the  correct- 
ness of  the  supposition  that  in  general  the  formation  of  denser  or  softer  middle 
lamellae  depends  only  on  a  differentiation  of  the  substance  of  the  partition- walls 
during  their  thickening,  a  view  which  explains  in  a  perfectly  simple  manner  all 
the  phenomena  belonging  to  it,  and  altogether  accords  with  growth  by  intus- 
susception. 

The  thin  perfectly  homogeneous  lamella  of  cellulose  which  bounds  the  young 
cells  never  exhibits  a  separation  into  two  lamellse;  the  boundary-line  between  the 
two  cells  is  never  marked  by  a 
fissure  dividing  the  partition- wail. 
Nevertheless  such  a  splitting  of 
the  still  very  thin  lamella  often 
takes  place  when  the  surface- 
growth  is  more  rapid,  as  in 
the  formation  of  the  intercellu- 
lar space,  in  the  large -celled 
succulent  tissue  (parenchyma)  of 
vascuiar  plants,  in  the  formation 
of  stomata,  &c.  Fig,  58  shows 
some  fully  grown  parenchyma- 
tous   cells    from    the    stem    of    the  Fir„  la-Tran^vane  secli™  amm&,  the  SMCoUBt  patencliymi  of  Ihe 

maize  in  transverse  section;  the  IIiiuur!iii^a'"i^!^'^ihl'^iu^Se'l^iwS''°''°'^""'  ''°'^^^ 
cells  were  at  first  bounded  by 

perfectly  flat  walls,  which  met  nearly  at  right  angles ;  as  the  size  increased,  a 
tendency  arose  towards  a  rounding  off  of  the  polyhedral  forms,  the  unequal 
growth  clearly  leading  to  tensions  which  are  only  neutralised  by  the  destruction 
of  the  cohesion  in  the  substance  of  the  cell-wali  on  the  line  where  one  wall  meets 
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the  other  Thus  a  hssure  irises  which,  in  consequence  of  the  mode  ol  iti  ongm, 
assumes  the  form  of  a  triangular  pnsm  with  concave  sides  (tiij  ^8  a)  It  is 
filled  with  air,  and  becomes  one  of  those  intercellular  spaces  which  ven  usually 
torm  m  the  pirencbj  ma  a  a  ntmuous  sj  stem  of  narrow  Lhannelu  Not  unfrequenlly 
the  portions  of  the  wall  which  bound  the  intercellular  spi.ce  grow  rapidly  and  thus 
It  increases  in  size,  thr  clIs  assume  irregular  stir  shaped  outlmcij  in  transverse 
section,  touching  one  another  only  at  smill  portions  ot  tht  surfate,  ts  m  the 
parenchyma  on  the  under  side  ot  the  leaves  of  many  Dicot}  ledon-,,  and  the 
stem  oi  /uncus  effusui  In  the  faces  of  the  cell  where  no  other  wall  intersects 
them  splittings  of  the  homoq;eneoua  lamella  may  also  occur  locally  sometimes 
these  ire  limited  to  narrowlj  circumscribed  places,  ind  pioduce  flattened  cuities 
m  the  homogeneous  partition  wall  In  other  cases  the  splitting  into  two  iamellte 
takes  place  in  such  a  manner  that  only  isolated  roundish  places  remain 
unaffected  by  it;    the  separated  lamella;  continue  to  grow  rapidly  by  intercalary 


tht  cells  conbractfld  byBlycerii 


growth,  and  bag-shaped  protrusions  of  adjoining  cells  are  formed  which  are 
separated  by  the  fragments  of  the  originally  unsplit  cell-wall  (Fig.  59).  In  other 
cases  there  follows  on  the  partial  splitting  of  the  partition-wall  a  local  growth  of 
one  or  both  of  the  two  lamella  (or  of  only  one),  so  that  a  fold  arises  which  intrudes 
into  the  cell-cavity,  as  shown  in  Fig.  do,/.  Finally,  in  some  species  of  the  genus 
Spirogyra,  the  septum  between  each  pair  of  cells  splits  into  two  lamellje,  each  of 
which  grows  as  a  protrusion  into  the  interior  of  the  adjoining  cell,  and,  when 
the  adjacent  cells  separate,  becomes  turned  inside  out  somewhat  like  the  finger 
of  a  glove  previously  folded  in.  When  the  walls  of  cells  forming  a  tissue  split 
everywhere  into  two  lamellse  (the  separation  proceeding  always  from  the  inter- 
cellular spaces)  and  become  rounded  off,  a  complete  dissolution  of  the  tissue 
takes  place  into  a  mere  mass  of  isolated  cells.     This  occurs  in  the  flesh  of  many 
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succuient  fruits  {e.g.  Symphoricarpus  in  winter),  and  can  sometimes  be  artificially 
brought  about  by  continued  boiling  in  water  (as  in  potato -tubers). 

The  origin  of  the  partition- walls  in  tissue-cells  which  increase  by  bipartition 
by  no  means  requires  the  supposition  that  they  were  originally  composed  of  two 
lamellfe.  In  this  case  one  would  be  led,  by  a  consideration  of  the  properties 
of  tissues  where  numerous  divisions  follow  one  another  and  inlercellular  spaces 
afterwards  arise,  to  extremely  complicated  hypotheses,  which,  moreover,  are  not 
in  harmony  with  growth  by  intussusception.  Even  where  the  union  of  the  cells 
into  a  tissue  arises  from  the  amalgamation  of  .originally  separate  cells  (not  sister- 
cells),  the  union  of  the  cell-walls  is  so  intimate  that  no  boundary-line  can  any 
longer  be  perceived ;  and  the  formation  of  a  middle  lamella  proves  also  in  such 
cases'  (as  does  the  formation  of  a  middle  lamella  generally)  that  the  hypothetical 
boundary- surface  does  not  exist,  and  that  the  splitting  of  the  homogeneous  lamella 
is  a  consequence  of  different  growth  on  its  two  sides.  Both  the  manner  in  which 
the  splittings  of  the  thin  homogeneous  partition -walls  arise,  and  also  the  formation 
of  the  middle  lamella  of  thick  walls,  contradict  the  supposition  of  an  originally 
double  partition- wail  in  tissue-cells  ^. 

The  spUtting  of  the  partition -wail  and  the  growth  of  its  now  separated  lamellie 
lead  to  a  variety  of  configurations  in  the  interior  of  tissues,  which  may  be  col- 
lectively included  in  the  conception  of  the  Inlercellular  Space.  To.  this  belong 
especially  the  large  air-conducting  channels  in  the  tissue  of  many  water  and  marsh- 
plants  (Nymphseacese,  Iridese,  Marsileacese,  &c.),  and  the  formation  of  the  cavity 
between  the  wall  and  the  spore-sac  in  the  sporogonium  of  Mosses'.  Peculiar 
processes  of  growth  of  the  adjoining  cells  are  not  unfrequently  connected  with 
the  origin  of  intercellular  spaces,  of  which  the  following  are  examples: — the  for- 
mation of  ordinary  stomata,  of  the  peculiar  stomata  of 'the  Marchantiete,  and  of 
resin  and  gum-passages  {vide  infra). 

But  the  behaviour  of  the  partition-wall' of  two  cells  contributes  in  quite  a  dif- 
ferent manner  to  the  production  of  air-  or  sap -conducting  channels,  which,  like 
the  air-  or  sap- conducting  intercellular  spaces,  may  form  a  continuous  system 
throughout  the  plant.  This  happens  by  the  partial  or  entire  absorption  of  the 
partition-walls  of  adjoining  cells,  by  which  the  cavities  of  long  rows  of  cells  of  a 
tissue  become  connected.  Unger  has  appropriately  designated  this  a  Coalescence 
of  Cells.  Vessels  of  this  kind  {Tracheides  of  Sanio)  are  formed  in  the  xylem 
of  the  fibro-vascular  bundles,  from  which  the  protoplasm  and  cell-sap  have  dis- 
appeared; they  serve  for  conducting  air.  In  the  sieve-tubes  in  the  bast-porlion 
of  the  fibro-vascular  bundles,  on  the  other  hand,  the  watery  mucilaginous 
contents   of  the   cells    are    not   replaced    by  air ;    the    communication  established 


'  For  examples  see  Hofmeister,  Handbuch,  vol.  I.  pp.  262,  263. 

'  I  may  remind  the  reader  of  the  cleavage  of  crystals  as  an  analogous  case ;  !he  cleavage- 
surfaces  are  determined  by  the  molecular  stracture,  but  there  is  a  wide  ditference  between  them 
and  true  fissures,  however  fine. 

'  The  wide  air-canals  in  the  stem  of  Equisetacefe,  Grasses,  species  of  Allmm,  Umbellifeia:,  and 
Composite,  arise,  on  tlie  other  hand,  from  the  cessation  of  the  growth  of  inner  masses  of  tissue  and 
their  drying  and  splitting,  while  the  surrounding  tissues  tontinue  to  grow. 
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between  the  cells  of  one  row  serves  rather  for  a  more  rapid  movement  of  the 
contents  over  greater  distances.  Laticiferous  Vessels  must  also  be  regarded  as 
composed  of  ■  coalesced  cells ;  ihey  are  the  result  of  very  early  and  complete 
absorption  of  the  partition -walls  of  adjoining  cells  belonging  to  straight  or  much 
branched  rows  in  different  systems  of  tissues. 

Here  however  it  is  only  necessary  to  point  out  the  contrast  between  vessels 
produced  by  the  coalescence  of  cells  and  intercellular  spaces ;  a  more  minute 
consideration  will  come  belter  in  describing  the  systems  of  tissue. 
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(  )  Th  1  It  f  th  ho  nata  ot  the  epidermis  belongs  to  the  category  of  Intercellular 
Spaces,  and  its  origin  is  peculiarly  calculated  to  afford  an  insight  into  the  mode  of 
formation  of  an  intercellular  space.  1  have  chosen  the  stomata  on  the  leaves  of 
Hyaciathu]  orientalii  as  an  example.  Figs,  61-64  are  transverse  sections  perpendicular 
to  the  surface  of  the  leaf;  ee  in  all  of  them  are  the  epidermal  cells,  pp  the  parenchyma 
of  the  leaf.  The  stoma,  S,  is  formed  of  a  rather  small  epidermal  cell,  which  divides 
into  two  equal  sister-cells  by  a  wall  vertical  to  the  leaf;   in  Fig.  61,  S,  this  has  just 
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taken  place,  the  partition-wail  is  foimed',  and  appears  as  a  very  thin  simple  lamella, 
which  soon  thickens,  and  ehpeciall>  where  it  meets  the  wall  of  the  mother-cell  (Fig. 
62,  ^)  The  thickening-mass  appears  at  first  quite  homogeneous;  afterwards  an 
mdication  of  stratification  is  to  be  observed,  and  the  first  trace  of  a  separation  into 
two  (Fig  62,  B),  In  Fig  6j,  /,  the  splitting  is  already  completed;  the  growth  of 
the   sepanted    laraellie   now   proceeds   m   a   pecuhir   manner,   so   that   a   cleft   arises 


which  is  narrower  in  the  middle,  wider  without  1 
intercellular  space  1  (the  stoma)  with  the  external  a 


d  within,  and  which  connects  the 
r  (F  ]g  64)  It  is  worth  mention 
that  before  the  division  of  the  mother-cell  an  obvious  cuticle  has  already  over- 
spread It  together  with  the  adjoramg  epidermal  cells  This  cuticle  is  easily 
reeogni';ed  in  ihe  condition  B  Fi?  6i,  while  still  cont  nuous  by  tie  spl'tt'ng 
of  the  Barlition-wall  into  two  lamellie  it  finally  bpcomes  r  ptured  (Fg  6  ind 
by  the  ciiticulansing  of  the  outermost  la\er 
of  the  now  separated  lamcllsE  it  is  afterwards 
continued  oier  the  surfaces  of  the  deft  (tig 
64)  If  the  process  of  the  formation  ot  the 
stoma  la  followed  in  a  front  view,  it  is  seen 
that  the  splitting  of  the  partition  wall  docs 
not  extend  throughout,  but  thit  a  portion 
still  remains  undivided  at  each  end  where 
it  adjoins  the  oriynal  mother-cell-well  The 
two  cells  which  enclose  the  cleft,  or  Guard- 
cell',  ire  not  only  distinguished  from  the 
other  epidermal  cells  bj   this  peculiar   mode  '  ^' 

ot  division  and  of  growth,  they  ilso  difier  from  them  in  conttming  chlorophyll  and 

(2)  In  the  famiU  ot  Marchintiea  belonging  to  the  Hepaticte,  the  origin  and 
stiucture  of  the  stomata  (Fig  65,  B,  jp)  is  much  more  complicated;  of  this  we  must 
speak  hereafter  Here  it  need  onlv  be  pointed  out  that  even  before  the  formation 
of  the  stoma  the  epidermal  cells  become  detached  from  those  lying  beneath  over 
rhomboidal  areas  which  are  marked  off  from  one  anothei  by  wails  formed  of  cells 
which  aie  not  detached  (Fig  65,  B,  sj)  These  hrge  hjpodermal  chambers,  each 
of  which  opens  to  the  outside  m  its  middle  by  a  stoma,  are  destined  to  enclose  the 
chiorophjU-containing   tissue  of  these   plants.      The   layer   of  ceils  which   forms   the 


'  I  was  unaTile  to  detect  nuclei  immediate^  before  and  for  a  considerable  time  after  the 
division  [Strasbui^er  has  however  sacceeded  with  prepintiins  preseived  in  alcohol  in  distin- 
guishing HI  the  development  of  stonutT  in  In^  pumila  the  nucleus  of  (he  mother-cell  and  the 
successive  stages  of  its  dmsion,  see  Ueber  Zellbildung  und  Zeilthtilun;;  p.  115,  t.  v.  figs.  3S,  39; 
French  tt-inslation,  pp    114  116] 
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bottom  of  each  chamber,  after  repeated  divisions  vertical   to   the   surface,  sends  out 
protrusions  upwards  into  the  cavity;   these  grow  in  a  manner  similar  to  many  fila- 


mentous Algae,  divide,  branch,  and  form  chlorophyll,  while  the  whole  of  the  rest  of 
the  tissue  of  these  plants  is  devoid  of  it. 
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(5)  The  origin  of  Retm  Gum  and  Latev-passagei  depends  alb>  on  the  forinit  on 
of  intercellular  >ipices  with  1  peculiar  development  of  the  cells  nhith  bound  them 
\s  I  shill  recur  again  to  these  structures  it  is  suffiuient  here  to  rtfer  to  one  example 
Fig  66  represents  passages  of  this  kind  m  the  transverse  section  of  young  portions  of 
the  stem  of  the  vy  Conditions  such  as  B  C  show  clearly  that  the  intercellular 
space  anses  bv  the  piitmg  ot  fjur  or  five  cells  and  that  these  latter  diitnguished 
bj  their  turb  d  graJiular  conteits  iicrease  bv  d  vision  The  torn  ation  of  the  much 
1*  der  pissiges  D  E  must  also  be  referred  to  a  subsequent  increise  and  growth 
of  the  cells  which  surround  the  passige  By  the  growth  of  the  celU  which  bound 
the  mtercellular  passage  as  «ell  as  by  the  minner  of  their  division,  b)  their  con- 
tents, and  bj  the  circumstance  that  they  excrete  a  peculiar  sap  into  the  passage, 
3  structure  of  this  k  nd  becomes  a  differentiated  part  of  the  tissue  which  is 
sharplj    marked   of)   from   its   envirnnraent,  and   his   a    phjsiologicil    function    of     ts 


Sect  14  rorms  and  Systems  of  Tissues — The  entire  miss  of  the  cell 
t  ssue  which  forms  thi,  I  y\s  of  a  plant  may  be  uniform  or  not  m  the  first  ci'-e 
the  eels  are  all  similar  to  one  another  ind  their  modes  of  union  everj'where  the 
same  This  cisc  11  rare  in  the  \egetable  kmadom  and  t  is  onlj  the  simj  lest 
organisms  thit  are  conbtriicted  m  this  manner  S  nee  in  a  homcgeneous  undifferen 
tiated  tissue  all  the  ceEs  are  alike  their  union  into  a  v^hole  is  ph} siologically  and 
morphologiciUy  of  \erj  subordinate  importance  because  each  cell  repiesents  the 
character  of  the  whole  tissue  Hence  it  not  unfrequentl)  happens  in  these  cases 
that  the  cells  become  actually  isolated  and  continue  the  r  hfe  singl)  and  such 
individuals  are  termed  Unicellular  Plants  Only  a  httle  h  ghcr  are  those  which 
consist  of  an  unbranched  row  of  perfectl)  uniform  celh  or  of  in  aggregation 
of  such  into  a  pUte  or  miss  \^  hen  numerous  and  densely  crowded  cells 
form  a  mass  of  tisstie  then  it  is  usually  the  case  that  dfterent  ]a}ers  of  tissue 
develop  hfferentl}  the  plant  then  consist  of  differentiated  tissues  In  general 
their  arrangement  is  determined  bj  the  fact  that  the  whole  mass  of  tissue  has 
a  tendencj  to  beccme  definitely  bounded  on  the  outride  so  that  there  anses 
a  differentiit  on  of  outer  la)ers  of  tissue  from  the  inner  mass  But  m  the 
interior  of  the  mass  enclosed  bj  this  Efidermal  Tissut  fresh  diflertntiations  arise 
in  the  h  gher  plants  strmg  hke  arrangements  of  ctlK  are  formed  separated 
from  one  another  and  from  the  epidermis  b)  Fundamental  Tissue  these  strings  of 
tissue  the  Vascular  Fibrous  or  Fibro-Vascular  Bundks,  usuallj  follow  in  their 
longitudmil  ccurse  the  direction  of  the  most  vigorous  growth  which  immedtUelj 
precedes  their  differentiation  Not  only  the  epidermal  Ujer  but  also  the  \ascular 
bundles  and  fundamental  tissue  are  hoviever  usuall)  themselves  differentiated 
the  epidermal  tissue  intr  layers  of  different  nature  the  bundles  also  exhibit 
d  fferentiation  and  generall)  m  a  still  higher  degree  In  this  manner  anse  in  the 
hgher  plants  instead  of  different  layers  Sxskms  of  Tissu  s  Vte  thus  usuall) 
find  an  Epidermal  Syikm  a  Fiscitular  System  and  the  S\skm  f  Funii 
meniil  Tissue  lying  between  them  (Fi^  6;)  But  whenever  a  difierentiation  of 
tissues  of  this  kind  occurs  in  a  plant  it  only  tikes  (.lace  progressively  originally 
the  whole  miss  of  a  growing  portion  of  the  plant  (stem  leif  or  root)  consi  ts 
of  a  uniform  tissue  out  of  which  by  diverse  development  of  its  hjers  these 
tissue  systems  have  their  ongin      This  tissue  of  the  )oungest  parts  of  plants 
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which  is  not  yet  differentiated  may  be  termed  Primary  Tim 
are  always  capable  of  division,  Primary  Merislem ', 


In   the   present   section   a   separate   paragraph   is   devoted   to   each   t 


s  forms  of  cells  and  tissues  which 
are  constituents  of  all  systems.  Those 
forms  which  are  peculiar  to  one  or 
another  system  will  be  discussed  in 
their  proper  place. 

(a)  In  reference  to  external  form, 
the  following  cell- combinations  may 
l>e  enumerated:  — 

(i)  The  term  Tiuue  may  be  ap- 
plied far  txcelhnce  to  aggregations  of 
similar  cells  which,  without  any  well- 
defined  external  form,  consist,  in  what- 
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nl 


h  t  the   pith  and   cortex  are   neither  forms  nor 

and    undelinable;    we    speak,   for    example,    of 

o  what  we  do  in  Vascular  Plants ;    the  coriex  of 

lia      f  Conifers  and  Dicolyledons ;   in  the  latter  the 

g  and  in  older  paits  of  stems.    The  same  is  the 
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1  whole  organ  to  consist  of  a  single  layer  of  cells,  as  the  leaves  of  Junger- 
or  even  the  entire  plant,  as  among  Alg^  in  U/va  and  Kytiphlsa.  In  the 
higher  plants  the  epidermis  usually  consists  of  a  single  layer,  and  this  is  not  unfre- 
quently  the  composition  of  the  vascular  bundle-sheath  (always  in  the  case  of  young 
roots) ;  in  water  and  marsh- 
plants  the  fundamental  tissue 
often  resolves  itself  into  simple 
layers  which  enclose  large  in- 
tercellular spaces,  as  in  Nvphar, 
Fig.  68,  Sal-vinia,  Muia,  &c. 
It  is  not  uncommon  for  masses 
of  tissue  to  be  composed  of  a 
number  of  simple  layers  of 
cells,  as  occurs  frequently  in 
the  secondary  wood  of  trees 
and  the  primary  cortex  of 
branches  and  roots ;  or  seve- 
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mpl      Fungi  and  FlondesE    consist   of  such   strings 
f  the  h  gher  plants  is  sometimes  traversed  by 
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bro  vn  selerenchy  atous  str  ngs  n  the 
stem  of  Pt  s  q  !  na  and  of  Tree  ferns 
The  trie  ba^t  ot  D  cotyledons  not  unfre 
quently  forms  b  ndles  n  the  soft  b  st 
In   all  vase  1  r   phnts   the    bast  I  ke  and 

00  i  fom  ng  elenents  are  nnted  nto 
bundles  the  F  bro  vascular  B  ndles  ^h  ch 
torn  true  Issue  systtn  ind  traverse  the 
funda    ental  t  ssue 

(%)  G  op  of  Cells  are  ro  nd  sh  aggre 
gallons  of  similar  cells.  In  the  lower  Algte, 
as  the  Chroocoecace^,  groups  of  this  nature 
arise,  each  from  a  single  mother-cell,  and 
carry  on  an  independent  life  as  Cell-familUi. 
In  the  fundamental  tissue  of  the  higher 
plants  groups  of  peculiar  cells  are  often 
formed,  strikingly  different  from  those  that 
surround  them,  as  for  example  the  groups 
of  taticiferous  cells  illustrated  in  Fig.  69, 

or  the    groups  of  SClerenchyra atous  cells  in       Ussue/lfilheupperanduniercpidcrmii 

the  soft  flesh  of  pears.     True  (cortipound) 

glands  are  formed  by  the  dissolution  of  such  groups  of  cells  (■vide  infra)^ 

(6)    In  the  cases  already  named  a  number  of  similar  cells  are  always  united  into 
a   whole;    but   it   also   frequently   happens   that    a   single    cell    acquires    a   character 
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d     d     b  t 
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I  b>  th 

tt  It 

1        th 
hi      t  th       i       g        t     t        p        lly  th       p     t  pi  f  wh    h  d  y  g         1        est  g 

mtmlitlhd  htisfti  ybt        ed  Kene    hyn  d 

Idf  pi  kt  dththllmtfth  d  Id 

ss  1  1  k  d      11        I  tra  t  t     th      IS  th     y       /       Ttf         th         11       f       ich 

d       g  th    1  f      f  th        ga  hll  d      th    h  m     1  p    d    t      f  th       t  1     t    ty 

fthplt        twth  t         Thse  Ittss        mygabddd 

t     t        gr     p     — I      th     fi    t  th         11      til  p    t  plasm  t  t  1 

dt  d  thf         bl  df  bl  dt  tgwddd 

f     h—        t     pas  t       Id  t  m    ph  11  g        &  b      g  d  d 

t      f  II  k  t         -  s,   f  mpl  hi      phyll         t         g   t 

th  1    t  p         hy         f       t  f  t  b  re   &       I     th  d  k    d  th        11 

psst  dt  fp  tq  as  11  t!  hhth 

ptplb  gnsabl  bhd  dbfid  d 

h        th         il  fill  d       t       th     hi      phyll   St      h       g  1      f  tty     1     1 

th  tlbtth  ttpodtf  kd 

I  t  1        1  gu         s  t  I  th       It  f      y  t  1      a.        C  11      f  th     des     pt 

d  t  mpo    d     f  th  m  pp        tly  p  bl       f      >   f    th      d      1  p 

t    th  p  bl     t  pi       f  f  m     g     h    I    E       k  t  ded 

fesTh  h  irpl  fd  tbt  thdHt 

i  f  t  ss      d  t    gu  h  d  b>  th  t    t       t  ly  tl  th  t 

b    th         h  ract         d 

W      1      fi  d  th    g      t    t  t>    f     t         d  t    1    k     f  d      th 

k    d        t    t-B  f  t      th      th    k     ss        d  t       y      f   th  II       II 

St    t    g  t  d       >  1    t  p         h>m        th  th      b  t  fi  d     last  11 

mp      d     f  ly  p  Hi         w  h  th  h     d   th     th  11       lis 

b  t  d      t  k  (p     d  rm)      h  1  th      th      h     d  th        II      11      t 

thtdtt  thk  dbmigfid  tedt  Ig 

ashdTst  Iht  fight  d  t  I        ha. 

1      dy   b         p      t  d       t      tl  11       h)      t         d       !  p        t     1-       rt        hjpod  1 

t  II  b      p  k         f  h        ft  h  t  ss    J        ly  t         f      t     th     f    t 

th  t  1  5   rs     t  g       p      f       11  f    qif    tl)    1   t    gu   h  d  by  th        tra    d      ry 

1     d     ss      d  th   k  1:  th  II      II      S    I  t  h   I  m  >  II       t  m 

—      t  ta        th     St  Us    (    I      blast  )       thflhtprsd       thbk 

fm>t  thdkb  tgsmthstmfT       frn&—      yb 

1  d  d      d      th        11    t       t        SI       h>» 

If  w  d      t  f  t    th    f  d  th         d      1         " 

f  th  )I      t         f  d     t  th  t  th     1  tt      m    t  d  pe  d         th 

th  t  th       th      h    d    th     p     t  f      II      1      d  t    g  m    t 

th       d  th      t        th    f  rm      f  th  h    h  d      1  p    g      II  w    1 

1  d    hi    t       t    f  t,      d  d     m      lyth         d      f  t 

II  fi   d  th  t  th        Id   d    t       t  t     i*  fym  A  P  hy, 
m      ta      d      Bythlm          m       t      g      pgtgth        figtdfui 

d         11)  th   k       11  d     II       h  1  d       t    1  d  b  t  tl  th     t 

tlllp  Ap  ht  gmtfthkd  II 


'  [This  term,  which   has  not   hitherto  been  employed,  is  proposed  as  the  equivalent   of  tl 
German  '  Leer^ellengewebe,'] 
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b  tw       th  m         p     t     1)  1    g       t       11  1 

*h          ^    V,          1^             tw       In     ;.    i-E.   1.   t        K   til 

P 

tn         d   b         h           th      h    Q   th  y  t       n  tn 

dj         S 

11         th  t  th    t         1 

1 11             po  g       Th    p         hy         tt 

tlhghtdg  fl  sshth        Hfm  I        fm>  dtrs 

h    h  t     t       ly  b>  th  I       f  th         y  th      t  t  y  ru  1 

th    p  t    I     f  JW       &.       Th    t  f  th    1    g     F     gi  (Fg  5     p  7  )        b    p    p    ly 

t  m  d  ether  prosenchymatous  nor  parenchymatous,  but  consihts  of  a  number  of 
Hyfhm,  i.e.  long  slender  branched  filaments  growing  at  the  apex,  and  dividing  trans- 
versely ;  it  is  best  to  term  it  a  Hyphal  Ihiue.  When  the  hyphfe  are  densely  interwoven, 
and  their  cells  short  and  broad,  a  parenchymatous  appearance  is  presented  in  transverse 
I     g't  d'    I       t*  d       h     t'        h     b       call  d'p     dp        bym 

I    h       I       ly  I         m     t        d  th  t    t  t  It  d     d     1      11  t 

thwbmg  tb  dlpd  tkgljdfTretfm 

th  ghb    rs     t         h      11    I  h         ppi   d  th     t    m  K  i;  Th  y  dff 

f    m  th         rr       d    g   t  th         dff        t        y    — (   )   Th        f  th        m 

b  t  th  y         d  t    gu  h  d  b    th  t     t  f  pi     b)  1        d      11     p 

btgltll  g  1  Ibta  hhase 

th  y  \.     iR  A   S  mpl    G!    d  th  y         )  t         g      ;        1       y  t  1      b     dl 
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hi  th  t  b  w  th   k      d  th  t  th  ty    f    h        II  d      d 

t  1  11        t    1  h  II         th    th   k      d      11       II         It    t     t    t 

fit  dp  1         d  11)        y  h    d      Id    bl    t      f  th     k    d  m  >  b 

1  d    i         th     g  It  St  11  SI     bias        Th  y  Id  m        ltd 

btm  It  td        gp         lyradthlmthts.        Idyd 
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1      bl    ts  pe     lly    h       t        d  by      t  h       I    th     h  d  g      p  th     t  k 

pi       t  k  bi        t    t   th     L    d     t     1    blast  b      gdtghd       t       lyby 

t  t    t        d  th     f    m     f   t        11      1!    b  t      p       n>    b)     ts  g      t 

dfc  g        tl        db        hgTl  littdt         mdt         tt 

F  g     6   IP       )  t    k      ly        th    5^     /      C  //      f  Oj  p    m     (P  g   5      p   66) 

h   h  Uy        t  be      f      5  t  I  tl        th    k       II  d      bl 

d   g  II      bra     h        t  ly        T      th         1         b  1     g     I        th  t         1 

t  11  t    h  fth    p  t    1      fA  />/       (b  g   68   p   8   )         d    1      ly    li    d  t     th 

th      t      t  d  by  \       T    gh  m      p    1  th     t     dam     t  1  t  f  th 

Mt         ie        gptAd  Fg7         pset        Igtdl         t         thgh 

th    pet    1       f  M  dl  1!       1)    g        th        ddi    p         h>m  t 
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'  Van  Tieghem,  Structure  des  Aroidees  ;   in  Ann.  des  Sci.  Nat.  1S66,  vol.  VI.    See 
.ch,  Ueber  Sdcreuchymiellen.    Breslaii  1870. 
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lateral  branch.     The  wall  of  thi 

to  a  narrow  canal.     These  cell 

and  present  the  appearance,  nb       I 

knife,  of  tough,  slender  hairs  pr  j 

I  propose  the  term  Trichoblait, 

dermal  triehomes.    Those  now      f 

are  of  very  little  importance   fr  m 

not   altogether   disappear   and   b 

contain  latex,  which  fiows  out  in  g 

Such  structures    the   pLCuliirit'e 

recognised  by  Daiid^  -ind  comp 

tnchobiasts  m  the  petiole  of  Mo    t 

Latictfervtis    Cells,    were    pre\io     i 

true    laticiferous  vessels   which  II 

cence  of  cells  (see  p   86)      Th"         pi 

Euphorb  acea;,    Morese     \pocjn      se 

are  ver)  long  ceils  which  are  cl      d  o      II    d        ft 

much  branched  at  the  ends,  b  t       t  m  n     t    ^ 

with  one  another     they  are  forn    d    t  ly  p        d 

near  the  apex  of  the  ^item  m  the  \ouiig  fundamentil 

tissue  of  the  primiry  cortex,  or  of  the  pith  when  the 

side  ot  the  visculir  bundles  next  the  pith  contains 

phloem  {Ho}a  carnoia)     in  other  cases  laticiferous  celU 

belonging  to  the  cortex  put  out  branches  through  the 

ring   of  wood   mto   the  pith   (Euphotbiace£e,   Morea.) 

The  laticiteroiis  colla  of  the  levies  are,  m  the  case  of 

Euphorbia    only   prolongation";   of  those   of  the   inter 

nodes      The   extraordinary  length  of   the    laticiferous 

cells,   eb.pe(.!all)   in   Hoya   carnosa,   makes  it  difficult   to 

recognise  their  true  nature     but  it  is  c)slj   e\phined 

b)    their  earlj    formation   neir  the  apex   of  the  stem 

which  necessitatei  their  keeping  pice  mth  the  gio«th 

m  length  ot   the   stem   as  well   as   that   ot   the  whole 

surface  of  the  leaf      These  laticiferous  tnchobiasts  ire 

most  e-isily  seen  in  Euphorbia  iplendens,  since  thej   are 

readily  isolated  m  consequence  of  their  thii-k  firm  eel! 

wall   and  cva  be  distinguished  with  certainty  trom  tuv 

other   form   ot   tissue    by  the  peculiaritj    in   the  fcrni 

of  the   starch  grains   as  well  ns   the   coagulated   latet 

which  they  contain      The  laticiferous  cells  represented 

m  Fig   71  (ilightl)  magnified  and  reduced  ibout  f  m  ''  ■*' 

length)   have   been  obtained   by  allowing  the   ends  of    ,J'"^^'^r^"™  ^  idnjuij-i nai  ^^nr„i 

**      '  .  thnragli    the    petKle    of    Mons'ent    relt 

branches  ot  Euphorbia  ipUndens  to  decay  in  water  until  *"'=  rfipuTnchymitous  cells,  hwa 
the  tissue  has  become  very  soft     lumps  of  the  soft 

mass  were  then  dissected  with  needles  under  the  microscope,  and  the  pulpy  tissue 
washed  away  as  completely  as  possible,  until  the  long  laticiferous  cells  were  ex- 
posed, and  allowed  their  closed  ends  to  be  fully  examined.  The  structure  of  the 
laticiferous  cells  m  the  leaies  can  according  to  David  be  determined  with  much 
cerUintj    b\    first   extracting   with  alcohol    and   then   rendering  them  transparent  by 

■   fhin-walled   aid   more 


boilini,   in  potiah      In  Ficas  elaitica  the  hticiferous  cells   ; 


s  Milchzellen  der  Euphorbiaccen,  Morci 
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A  Coalescence  of  Cells  arises  from  tho  tissue-like  union 
of  similar  cells,  until  their  contents  completely  coalesce, 
the  partition- walls  becoming  partially  or  wholly  ab- 
sorbed. In  this  manner  are  formed  those  filiform  ag- 
gregates of  intercommunicating  cells,  constituting  tubes 
tilled  with  air  or  sap,  which  are  known  as  Vesteli,  such  as 
Wood-vessels,  Bast-vessels  or  Sieve-tubes,  and  Latici- 
Icroui  Ve'isels,  But  roundish  groups  of  cells  may  also 
coalesce  by  the  absorption  of  their  walls  and  the  forma- 
tun  of  a  single  large  cavity  filled  with  sap;  these  are 
included  under  the  general  term  Glands  (or  may  be 
specially  distinguished  as  Compnund  Glands).  Just  as  the 
d  St  nction  between  idioblasts  and  true  tissue-cells  is 
onh  a  progressive  one,  depending  on  the  augmentation 
ot  LCrtiin  characters,  so  a  coalescence  is  only  an  extreme 
ca  e  of  the  ordinary  behaviour  of  adjacent  cells;  the 
contents  of  these  mingle  to  a  certain  extent  through 
their  partition- walls  by  diffiision  (osmose).  Hence  we 
frequently  meet  with  tissues  consisting  of  peculiar  cells, 
which  behave  physiologically  as  if  they  had  coalesced, 
although  it  is  questionable  whether  the  cavities  of  the 
ctllh  are  actually  in  communication  one  with  another. 

I  rue  Latkiferoii]  Vessels  are  composed  of  eoalescent 
cells  containing  latex  and  endowed  with  the  same  pro- 
perties as  we  have  already  described  as  belonging  to  the 
latiLiferous  cells  of  Euphorbiacex,  Moreas,  Apocynacese, 
ind  \SLlepiade3E.  As  far  as  can  be  judged  from  obser- 
vit  ons  which  are  not  yet  brought  to  a  conclusion,  these 
\es3eK  originate  from  row;  of  ceils  in  the  young  tissue, 
ind  especialh  in  the  tibio  Mscuhr  bundles  coalescing 
^t  an  early  'Jtage  bj  the  tomplete  disappearance  of 
their  transverse  septa  loig  tubes  (as  shown  in  Fig 
T')  being  thus  formed  filled  with  latex  which  usually 
anastomose  with  tne  another  literillj  and  lri\er';i  the 
whole  plant  in  the  form  ot  a  continuous  system  of 
tibes' 

The  Cich  rncea,  t  ampanilacere  and  Lobelnce^ 
possess  iery  perfectly  developed  latic  ferous  \essels 
belonjjing  to  the  fibro  viscular  bundles  wh  ch  they 
atcompany  throughout  the  whole  plant  m  the  form 
ot  reticuhtely  anastomosing  tubes  mbedded  in  the 
tase  of  Cichorice^  in  the  outer,  in  that  of  the 
two  other  orders  in  the  inner  phloem  luer  Their 
form  IS  best  recognised  by  boiling  sections  ot  these 
plints  for  some  mmutes  in  dilute  potash  solution  the 
anastomosing  tubes  are  then  clearly  recognised  in  the 
id  !t  IS  easy  to  expose  them  entirely  in  large  pieces      In 


'  What  follows  la  founded  mainly  oa  Hanatem  s 
Mllchsaftgefasse  und  die  verwandten  Oi^ne  der  Rinde, 


esearches  reporled  in  his  Prei 
Berlin  1864.     See  also  Dippel. 
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Papijacet  \Caiica  and  rasconnlla)  the  laticiferou'  vessels,  on  the  other  hand,  run 
through  the  i.viem-portion  of  the  hbro-v iscular  bundles  tliey^i.^.  the  cells  by  the 
coalescence  of  which  Ihey  are  torraed— are  repeatedly  produced  in  layers  from  the 
cimbmm  with  the  other  elenient=  of  the  xylem ,  pitted  and  reticulately  thickened 
ve-iSels  alternate  with  them  The  bianches  of  the  latieiferous  vessels  envelope  these 
in  all  direi-tion^,  and  are  sometimes  firnilv  fixed  to  them  superficially ;  but  hori- 
zontal branche*;  of  th«se  tubes  als  i  penetrate  the  medullary  i 
towards  the  primary  cortet,  m  SLit- 
tertd  ramifications  or  recurrent  knols, 
as  also  m  the  p:th  if  the  stem  is  hollow 
As  in  the  other  families,  a  copious 
anastomosis  of  latieiferous  vessels  is  de- 
veloped in  the  horizontal  partition- walls 
which  the  medullary  tissue  torms  at  the 
origin  of  each  petiole  in  the  hollow  ot 
the  stem,  penetrating  the  horizontil 
partition- wall  in  countless  ramificat  ons 
and  in  several  layers  one  o\tr  inothcr, 
and  connecting  the  vessels  belonging  lo 
the  medullary  rays  with   these  of  the 
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stem,  but  abundant!)  in  the  leases,  and 
especi.illy  in  the  carpels,  in  which  close- 
meshed  reticulations  are  formed,  ac- 
cording to  Unger,  in  the  parenchyma- 
tous fundamental  tissue;  similarly  also 
in  the  cortex  of  the  root.  In  this 
family,  especially  in  the  p;irenchyma 
of  the  root  of  Sangainaria  canadensis, 
the    origin    of   the   latieiferous   vessels  fo   i      nng    ui   og    dn»i         n  hr  i.,h  u  ph  wn 

from  the  coalescence  of  rows  of  cells       ^^     ^LmI^  Tttr*^"™™*  Tr^  «='*  "^ 
may, according  to  Hanstein,  be  proved:      ^      iirm    u      sue  »*  m  upwce    auk      u  »tii 

owing  to  their  imperfect  union  the  re- 
sulting tubes  appear  moniliform.  In  Aroideielatc  tero  s  V  ssels  u  ted  nto  a  et  work 
occur  in  the  fibro-vaseular  bundles  and  the  fund-jn  ental  t  ssue  b  t  son  e  genera  as 
Caladium  and  Arum,  also  exhibit  the  pecul  ar  ty  of  lat  c  ferous  t  bes  r  nn  g  v  th  n 
t  and  t  certa  n  extent  also  from  the  r  s  uc 
1  rpho  d  p  1  essels  b  nple  b  oad  tubes  s  m  lar 
ntal  t  In  the  genus  A  er  the  s  eve  tubes     re 

1  n  ay  be      en  fron    tl  e      po   t  on   n    he  ph  oe  i 


the  xylem,  which,  from  th 
ture,  must  be  regarded 
to  these  also  traverse  th  i 
transformed  into  laticife  u 
and  the  structur«  of  the  w 
True  latieiferous  ves    I 
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While  true  laticiterous  vessels 

re  confined  to  a  few  natural  orders, 

lev  e -tubes 

the  contrary,  are  apparently  an  essential  constituent  of  the  phloem  (bast-portion)  of  the 
iibro-vasciilar  bundles.  They  occur  nowhere  else,  and  their  morphological  structure 
will  therefore  be  spoken  of  under  the   fibro-vascular  bundles;    we  roust   here  speak 


'  [These  vessels  were  tenned  'vesicular'  in  the  ist  edition  of  Ihis  translation.  The  present 
rendering,  corresponding  I0  the  French  '  vaisseaux  ntriculcHx,'  is  a  more  correct  rendering  of 
'  Schlauchgefasse,'  and  expresses  the  fact  that  they  are  composed  of  rows  of  cells  (utricles)  the  cavities 
of  which  have  not  coalesced  by  the  absorption  of  their  septs'] 

'  See  Hanslein,  I.e. ;  also  in  Monatsber.  der  Berliner  Akad.  1859. 

'  I.i  addition  to  the  forms  of  cells  already  named,  latex  occurs  also  in  the  intercellular  passages 
of  mi.iy  (,lants,  as  Kkus,  AUsma  Plaittago,  &c.,  and  oeeaslonally  in  the  vessels  of  the  wood,  as 
in  Cafica,  some  Conrolvulaceie,  &c.  On  this  subject  see  Tricul,  Compt.  rend.  vol.  LXI,  1865. — 
Van  Tieghem,  Ann.  des  Sci.  Nat.,  5th  set.  vol.  VI,  1866.— David,  I.e.  p.  57. 
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74,  ^),  which  evidently  previouslj  fdled  the  pertora 
tions  or  Siez'e-Porei ;  and  their  continuity  proves 
that  the  pores  actually  constituted  a  connection 
between  two  neighbouring  tubes.  Mohl  gave  to  the 
sieve-tubes  discovered  by  Hartig  the  terni  Latticed 
celh  \  since  neither  he  nor  subsequent  observers 
were  able  to  ascertain  the  actual  perforation;  but 
Hanstein  succeeded  in  determining  it  by  means  of 
Shi  It  It  C  y  t  bj       J  m 

h  th       li  th  f     11        th    phi 


th     ■  appearance  in  the 

tl    thin  walls  and  trans- 

dg  s  is  soon   observed, 

t    I    actually  perforated, 

usly.     In  this  con- 

d  a  Siive-plate;   it  is 

ppears  dilated  at  its 

f  rm  (Fig.  74).     Sieve- 

lls  where  two  sieve- 

Uy  contain  a  tough 

h  ch   accumulates   on 

onfiguration  of  the 

f  them,  render  the 


h   1 


11  d 


t  b 


p    f  rat  d  pl  t  d  th      f        th  It     f      t     I         1      ence.     The 

11      f  th    p  hj  f     d  m     t  1  t  ssu      1  t       f    q       tly      h  bit  a  sieve- 

pi  t    1 1      t      t  th  11     (        F  g  p     4I    as   f  pl  the  pinna; 

of  Cycadese,  the  bark  of  Ceropegia  aplrylla  (.\sclepiadei),  &c. ,  but  with  respect  to  the 
latter  Borscow  uuhesitatingly  asserts*  that  they  are  not  perforated,  the  pores  being 
still  closed  by  thin  membranes.  It  is  an  interesting  fact  that  the  laticiferous  cells  of 
Cerojiegia,  as  well  as  (according  to  David,  /.  c.  p.  57J  those  of  Euphorbiace£e,  are  connected 


'  Mohl,  Bot.  Zeil.  J855,  p.  873.  [Ann,  dcs  Sci.  Nat.  1*156,  vol  V,  pp.  141-159.]— NSgeli,  Sit?- 
Tingsber.  der  k.  bayer.  Akad.  der  Wlssen.  1861.— Saclis,  Flora,  1863,  p.  68.— Hanstein.  Die 
.  MilchsaftgefSsse,  Berlin  1B64,  p.  aj  el  seq. 

'  [Hartig  termed  the  sieve-tubes  Siebrohren,  which  has  been  recderf  d  '  cribriform  vessels '  by 
some  Enghsh,  and  'tubes  cribreuu'  by  French  writers.  Mohl  prefen-ed,  fov  the  reason  stated  in  the 
text,  to  call  them  '  Gitterzellen,'  which  has  been  variously  rendered  'cellular  ciathrata;.'  'cellules 
treillisees'  or 'griilagees,'  'latticed  cells'  or  '  clath rate  cells,'] 

'  Borscow,  Jahrb.  fiir  wiss.  Bot.  vol.  VII.  p.  348. 
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with  the  pnrenchymatoijs  cells  which  adjoin  them  by  such  lattice  platen,  which, 
although  they  do  not  bring  the  cells  into  communication,  must  nevertheless  facilitate 
the  interchange  of  certain  constituents  by  diffusion. 

An  illustration  of  the  coalescence  of  cells  Is  furnished  by  the  vessels  of  the  wood 
(mostly  filled  with  air)  especially  those  which  have  bordered  pits,  as  well  as  the  wood- 
cells  with  bordered  pits  (TracMdei),  of  which  sufficient  has  already  been  said  (Figs,  aj- 
17,  pp.  25-27).  In  the  vessels  of  (he  secondaiy  wood  of  Angiosperms  formed  from  short 
cells  with  large  cavities,  the  transverse  or  oblique  sepia  commonly  disappear  altogether, 
so  that  the  entire  row  of  cells  forms  a  completely  continuous  tube.  But  frequently, 
as  in  Helianthus,  Soncbus,  Cinium,  fie},  the 
septa  are  only  partially  absorbed,  thick  ridges 
remaining,  which  have  a  reticulate  or  lat- 
ticed form,  or,  when  the  septa  are  very  ob- 
lique, even  scalariform.  When  true  wood-vessels 
form  air-conducting  tubes  in  this  manner,  the 
separate  parts  having  previously  been  closed 
cells,  the  tubes  are  also  in  commonieation  with 
one  another  laterally  throiigh  the  open  bordered 
pits  already  described.  In  tracheides  which  are 
arranged  in  a  prosenchymatous  manner,  as  those 
of  Conifers  (Fig.  23,  p,  25)  and  Ferns  (Fig.  27, 
p.  27),  this  lateral  communication  is  the  only  one, 
since  In  ihe  cells  pointed  at  both  ends  there  are 
no  true  septa  which  could  be  broken  through.  It 
is,  on  the  other  hand,  doubtful  whether  the  cells 
out  of  which  annular  and  spiral  vessels  are  formed 
(see  Fig.  iS,  p.  23)  are  always  in  communica- 
tion with  one  another,  espeeiallj  when  the  spiral 
cells  remain  short,  as  ni  the  ultimate  branches 
of  the  vascular  bundles  in  the  \eins  of  kaies, 
where  they  are  often  considei abl)  enlai^ed 
Preparations  in  which  the  structure  can  be  ^ery 
easily  observed  may  be  obtained  by  boiling  \ery 
young  leaves  for  some  time  in  potash  solution 
and  then  placing  them  in  glycerin.  Where, 
however,  the  spiral  vessels  are  formed  at  an 
vtal"^^  paMs'^t%nfiSiT-^''^^'^a7'f^n  early  period  in  these  organs,  attaining  subse- 
'^;?.WcC^^^™ifp^s^yZ^irU"  queiitlya  ccnsiderable  length,  so  that  the  coils 
iiHon  1  by  ibe  tiemgniion  of  Che  petioii  ihc  coiia  of  of  the  Spiral  thread  which  were  at  first  very 
drawn  spin ;  the ipiraibuBdimnaKsdoiathedftraii  close  bccome  widely  separated  (Fig.  75),  it  may 
th^'d?oirtaK"eite,^'taTh™JraJ»!p™'iw^  ^^  assumed  that  the  thin  membrane  which  sepa- 
fonnMiH.pabioofun"UiiiinE.  rafes  the  contiguous  ends  of  the  spiral  prosen- 

chymatous cells  becomes  ruptured,  and  thus  the 
cells  are  placed  in  communication  with  one  another  for  considerable  lengths.  For  these 
and  other  reasons,  it  is  convenient  not  to  limit  the  definition  of  a  vessel  to  cases 
in  which  the  component  cells  actually  coalesce  into  a  tube.  Here,  as  elsewhere  in 
the  different  forms  of  tissue,  we  find  transitional  structures  j  and  the  definition  of  terms 
must  not  be  founded  on  a  single  characteristic  selected  arbitrarily,  but  on  a  general 
consideration  of  all  the  morphological  and  physiological  characters. 

The  forms  of  coalescence  now  described  possess  the  common  physiological  function  of 
providing  a  means  for  the  transport  of  food-male  rials,  and  of  promoting  and  accelerating 


'  See  E.  Tangl  in  Sitzungsber.  der  kail 
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this  transport  to  the  more  distant  organs  through  the  continuous  tubes  which  they 
form.  This  is  shown,  among  other  evidence,  by  the  course  of  these  tubes,  which  is 
almost  invariably  in  the  direction  of  growth,  and  therefore  enables  them  to  place 
those  organs  in  which  food-material  is  produced  in  connection  with  those  which 
require  it.  This  is  unquestionably  the  case  with  the  sieve-tubes,  which  serve  for 
the  transport  of  the  difficultly  diffusible  proteids,  and  secondarily  also  of  the  carbo- 
hydrates'. It  is  also  true  with  respect  to  the  latidferous  vessels,  in  so  far  as  they 
contain  proteids,  oils,  and  carbohydrates.  This  function  of  the  laticiferous  vessels 
is  not  disproved  by  the  fact^  that  they  usually  also  contain  secretions  that  are  not 
serviceable.  The  purpose,  finally,  of  the  wcod-vessels  is  to  form  channels  filled  with 
air  within  the  close  woody  tissue,  replacing  the  air- conducting  intercellular  spaces  of  the 
succulent  parenchyma. 

A  totally  different  physiological  function  must,  on  the  other  hand,  be  assigned  to  the 
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d  f       , 


1                t     11   t    b    d        I  d  th    C    ^ 

dGl    d 

t  d      th  th    t       po  t    f  f    d       t      1 

h          by  th 

th  m  q    t            rv        bl     f      pi        g  d  ff 

t  p    t      f  th 

Th     <am             1                    d      t  d  by  th     t 

t  th  t  th 

gl          d         t           y       y        t   b  t    t 

th  b  t         t 

a.            d  ryp     d     t      f       t  b  i   m 

1            g       1   th     t    m  Gl     d            t          1) 

d  h              1 

Ih  p      1            t    t     b  t    1         rt           t 

1      g       IL 

d  th         II  t  rs         gl     d  1      h    rs     f  m     y 

1  at  b  ds     I 

ght  t         mpssbltg  tdfit         tthtrml         d 

gtgddfit  t         Id  th     first  pi         th     bod        h  th     t     L 

U        11  1      01     d     wh    h  m  St  b  t  d  w  th  1  th     j  t        d  gu         U        d      1 

d     g  f  Id    bl    t  fh     t    m  has    1      dy  b         d  fi     d  (p   84)      W    m  y 

d  fi  (,1    d  g       p     f       II      h.rply    Iff        t    t  d  t  thos     th  t 

th  m      h  t  g      pt    b      m      bso  b  d  th  t  gl  tj        f    m 

h    h         ft       su  d  d  by    p        I  1  y  ft  d  fill  d  w  th  m     tt 

p     d     ts      pe      lly      I  til        1        Th     d  fi    t  1  des      rt  1  =«ly      1  t  d  f 

t  t  1   as  ti  t  1      il  t  rs      1      d)  t       d      h   h    h 

dt       dth        ffitj  bdgtdGldlkbdeb  tdt 

ft       gl    d 

G     d  pi        f  gl     d        th     ^  f        h  d  by  tl     I    g  pt    I 

I  1 1       I     h   h  b     d    tly        th         d     t  p  f  C  Tt 
yb            gd               ibthyg           yfthfl                           dhgrp 

lldtghdby        t        gtbdptpl  dmlldpflT 

II  f    h  li  b  g      t     sw  II       d  th       d    d    1      1!  b        p      I 
by  p                 Th     w  II     th       d  1  q                d        I    g     gl  b  1             ty        f 


'  See  Sachs,  Flora,  i86j,  p.  £o.— Briosi,  Bot.  Zeit.  18J3.  nos.  20-22.  [Biiosi  delected  the 
presence  of  extremely  finely-divided  starch  in  the  sieve-tubes  of  a  large  number  of  plants  Expeii 
ments  lead  him  lo  think  that  by  compression  the  slarcE  particles  may  be  made  to  pass  through  the 
perforated  partition  from  one  cell  to  another,] 

"  Sachs,  Experimental- Physiol ogie,  p.  386. 

'  [S«e  also  Meyen,  Ueber  die  Secretionsorgane  <Ier  Pflanzen,  Berlin  183,  —J  B  Martmel. 
Organes  de  s^retion  des  vegelaus:  Ann.  des  Sci.  Nat.  5th  ser.  vol.  XIV,  1872  It  his  been 
sn^est^d  that  the  contents  of  glands  and  similar  secreting  organs  are  not  really  ejrcremcntitious,  but 
that  they  serve  to  protect  tlie  plant  by  preventing  the  consumption  of  the  leaies  i^c  by  m'iects 
and  other  animals] 

*  [The  term  is  here  used  in  a  somewhat  more  restricted  sense  than  is  usual  m  English  botanical 
works,  in  consequence  of  the  etymological  meaning  of  the  corresponding  German  teim  '  Driise," 
in  which  the  idea  of  something  compound  is  implied.] 

'  See  Sect.  15,  under  the  head  of  Epidermis,  p.  lor. 


vGooqIc 


}2  MORPHOLOGY   OF   TISSUES. 

filled  with  watery  protoplasm  «'ith  large  drops  of  a  volatile  oil  floating  in  it.  The 
layers  of  colls  « hieh  surround  the  cavity  form  an  envelope,  which  differentiates  it 
sharply  from  the  surrounding  tissue.  The  origin  of  two  different  foiins  of  gland 
in  Dictamnuj  Fraxinflla  IS  illustrated  in  the  accompanying  figures,  taken  from  Rauter '. 
Fig.  76  represents  the  development  of  a  gland  on  the  upper  side  of  the  leaf,  the  contents 
of  which  are  the  source  of  the  powerful  odour  of  the  plant.  These  leaf-glands  of 
Dictamnui  originate  from  oiiiy  t\¥0  cells,  one  of  which  belongs  to  the  young  epidermis, 
the  other  to  the  subjacent  parenchymatous  layer;  the  former  divides  again  into  two 
layers  of  cells,  the  outer  of  which  (d)  forms  a  continimtion  of  the  epidermis,  while 
the  inner  one  (c)  contributes  to  tlie  formation  of  the  tissue  of  the  gland,  the  principal 


part  of  whth  org  nates  by  d  vis  o  s  of  the  t  o  othe  c  lis  ot  the  fel  nd  ij-p);  the 
envelop  ng  la  er  ot  the  gland    S  here  b  t  si  ghtl)   develo]  ed   a  ho    n    n  F  g.  76,  C. 

On  the  flo  er  alLs  bracts  ind  ep  1  of  tl  e  ame  plant  are  forr  el  la  ge  sessile  or 
sho  tl)  stalked  gla  ds  of  somewhat  o  o  d  fo  m  bear  ng  at  the  r  ape  a  s  ngle  hair 
(Fig.  77,  h).  These  always  arise,  as  Rauter  has  shown,  from  a  smgle  ceil  of  the  young 
epidermis,  which  divides  first  vertically,  then  tangentially  (Fig.  77,  A)  \  thus  two  layers 
are  formed,  the  outer  of  which  is  a  continuation  of  the  epidermis,  while  the  inner 
produces,  by  further  divisions,  the  tissue  of  the  gland  {B).     In  the  further  course  of 


■ickeluiigseesehiclite  eiiiiger  Trichomgebilde.    Wiei 
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development  the  whole  substance  of  the  gland  now  becomes,  as  it  were,  forced  outwards 
above  the  surface  of  the  organ  (C) ;  and  when,  finally,  the  secreting  tissue  is  absorbed, 
a  cavity  is  foimed  filled  with  mucilage  and  drops  of  volatile  oi!,  and  surrounded 
only  by  the  continuation  of  the  epidermis.  Similar  to  glands  in  their  origin  are  the 
gum-passages  and  gummy  swellings  of  diseased  stone-fruit.  Cregorieff  found  the  seat 
of  the  formation  of  the  gum  in  them  to  bs  principally  the  soft  bast  of  the  fibro-vascular 
bundles  which  traverse  the  fruit-pulp;  the  cell-walls  become  absorbed  after  they  have 
swelled  up,  and  cavities  with,  undefined  boundaries  filled  with  gum  are  thus  formed, 
which  sometimes  exude  their  contents  externally  through  the  flesh  of  th.-  fruit  when 
the  production  of  gum  is  excessive 

"Whl    th        g       ftl      t      t  d        b  d      tl  I  f     U  p  ly 
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tour,  longitudinal  lovii  of  secreting  cells  separating  Irom  one  another  tar  enough  to 
form  a  narrow  intercellular  passage  which  they  fill  with  their  secretion,  as,  for  example, 
in  the  roots  of  Compositae,  where  definite  groups  of  canals  of  this  nature  are  formed 
in  the  double  vascular  bundle-sheath.  If  the  tissue  which  surrounds  the  secretion- 
canal  attains  a  vigorous  development  in  breadth  and  thickness,  the  intercellular  pas- 
sages, which  were  at  first  narrow,  become  considerably  broader  (Fig.  66,  p,  78),  while 
the  secreting  cells  which  surround  them  also  enlarge,  divide  in  radial  and  tangential 
directions  {in  reference  to  the  centre  of  the  canal),   and  thus  form  round  the  canal 
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1  mi'Jb  of  tbsn  of  tlnractemfic  form  one  or  more  la\Li-s  in  tticLnes';,  the  cells 
(t  which  ire  d  itingmshLd  by  containing  a  turb  d  fluid  uith  drops  of  oil  md  resin 
floating  in  it,  and  by  thcir  wall";  being  not  lignihed  and  usual!)  thin  If  the  tis&ue 
\  hich  surrounds  the  sec  ret  ion -canal  does  not  increase  in  size,  the  formation  ot  the 
canal  or  intercellular  pasi^age  is  sometimes  altogether  suppressed  the  secreting  cells 
retain  their  sectetion,  and  fcrm  (,land-lite  groups  of  cells  instead  (Fig  78,  A,  B) 

Secretion-cinala  resemb'e  laCiciferous  vess-ls  in  this  respect,  that  they  follow,  as 
a  rule,  the  direction  of  growth  of  the  ortan,  eien  when  the>  do  not  lie  in  the  hbro- 
vasciilar  bundles,  and  alao  that  thej  penetidte  into  all  parls  ot  the  plint,  although 
piilicuhi  or^an"!  espocialU  the  timt  and  flo\\er  ire  destitute  ol  them  %Vhen 
any  part  ot  the  plant  especialH   the  ittm,  «hiLh  is      cl     n  the  o     ded   ind  the 


lying  In  Iha  |>nipli?r} 


canal  therefore  broken,  the  contents,  forced  by 
exercise  on  one  another,  escape,  in  the  sa  e  i 
wound,  and  finally  become  hard.  !n  this  na  nt 
resin,  as  that  of  Conifera;,  mastic,  sandarach,  &.C., 
as  eiiphorbium,  lactucarium,  opium,  &c. 


re  which  masses  of  tissue 
5  latet,  collect  round  the 
a  ned  the  larioua  kinds  of 
ne  way  as  dried  latex  such 


Sect.  ig.  The  Epidermal  Tissue.— A  differentia  I  ion  into  epidermal  tissue 
and  inner  fundamental  tissue  can  evidenllj--  only  arise  in  ihose  plants  and  parts 
of  plants  which  consist  of  masses  of  tissue.     In  general  the  contrast  of  the  two 
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IS  the  pluner  the  more  the  part  of  the  jhnt  is  e\i)Osed  fo  n  r  ind  li-ht  umkr- 
grouni  and  ■jubmerijei  pirls  showing  it  m  a  smaller  iegree  m  those  destined 
to  a  longci  term  of  hfe  the  formation  of  epidermis  is  U'lualh  also  more  perfect. 
The  difTerence  bet«een  tpidermib  and  fundamentil  tissue  can  onl*  be  est^b- 
hshed  bj  the  outei  layers  of  cells  whose  morphob^ical  character  is  otherwise 
^iimilar,  becoming  distinguished  by  the  thickness  and  firmncs  of  their  cell  nails, 
and  bv  having  ^miller  cell  c^Mtics  than  those  which  lie  deeper  In  thi^  case 
there  is  usuall>  no  sharp  boundiij  Ime  between  the  t«o  tissues  the  chaiac- 
teristics  graduiUy  increase  the  more  neail)  the  cell  layers  approach  the  surface. 
This  IS  usuilly  the  case  among  AlgEe  with  the  Fucaceie  and  larf,er  Flondere, 
with  minj  Lichens  and  the  fiuctificitions  of  Fun^i  even  in  the  stem  of  Mosses 
the  formation  of  epidermis  is  often  indicated  onl)  in  this  manner  The  cun- 
trisl  befjveen  epidermi!  and  inner  tissue  becomes  most  m-irked  when  besides 
a  shaip  boundirj  between  the  two  a  diflcrent  moiphological  development  dis- 
Imguishes  the  two  kinds  of  tissue  In  the  sporogonia  of  Mosses  and  jn  all 
Vascular  Phnts  at  least  one  outer  luer  of  cells  maj  be  distinguished  in  this  sense 
IS  epidermal  tissue  and  is  termed  the  EpiArmif  In  true  roots  and  manj  root  1  ke 
underground  stems,  as  also  in  many  submerged  plants,  the  epidermis  is  only 
slightly  different  from  the  subjacent  tissue ;  but  in  most  parts  of  stems  and  leaves  it 
shows  an  altogether  peculiar  development  of  its  cells,  giving  rise  to  stomata  and 
trichomes  of  the  most  various  kinds.  In  many  leaves  and  parts  of  stems,  the 
epidermis,  after  it  has  already  become  a  recognisable  tissue  {during  or  after  the 
bud- condition)  undergoes  cell-division  tolerably  late,  by  which  it  becomes  divided 
into  two  or  more  layers.  From  this  epidermis  formed  of  several  layers  of  cells 
(Pfitzer,  I.e.  p.  53)  those  layers  of  tissue  may  be  conveniently  distinguished  as 
Hypoderma  which  lie  beneath  the  simple,  rarely  beneath  the  multilamellar  epidermis, 
and  perform  the  physiological  function  of  strengthening  the  epidermal  tissue,  without 
however  belonging  to  it  genetically,  while  they  are  strikingly  distinct  from  the  deeper 
lying  fundamental  tissue,  although  genetically  a  part  of  it.  This  hypoderma  consists 
chiefly  of  layers  of  thick-walled  sclerenchymatous  cells,  sometiines  even  of  bast-like 
fibres.  In  Phanerogams,  especially  Dicotyledons,  the  hypoderma  is  mostly  developed 
as  Colknckyma,  the  cell-walls  being  strongly  thickened,  and  in  a  high  degree  capable 
of  swelling  at  the  longitudinal  angles  where  three  or  four  of  them  meet  (Fig.  ai, 
£,  P-  24). 

In  those  parts  of  plants  which  live  long  and  which  increase  greatly  in  thickness, 
the  epidermal  system  attains  a  further  development  in  the  production  of  Cork.  This 
originates  in  the  epidermis  itself  or  in  the  subjacent  layers  of  tissue  by  subsequent 
cell -division,  occurring  often  very  late,  and  by  the  suberisation  of  the  newly-formed 
cells.  The  formation  of  cork  often  continues  for  a  very  long  period,  or  is  renewed 
after  interruption  ;  and  when  this  occurs  uniformly  over  the  wliole  circumference, 
there  arises  a  stratified  cork -envelope,  the  Periderm,  replacing  the  epidermis,  which 
generally  perishes,  and  surpassing  it  as  a  means  of  protection.  But  not  unfre- 
quently  the  formation  of  cork  penetrates  much  deeper;  lamellse  of  cork  arise  deep 
within  the  stem  as  it  increases  in  thickness ;  parts  of  the  fundamental  tissue  and 
of  the  fib  to -vascular  bundles,  or  of  the  tissue  which  afterwards  proceeds  from 
them,  become,  as  it  were,  cut  out  by  lamellse  of  cork.      Since  everything  which 
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ny     t!        H  p  t  c«  we  have   scarcely  any 

t    s(Fg  6     p   78)  an  epidermis  perfectly 

I)  m  k      t      ppearance.    In  Mosses  the 
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d  long   rhizoids   (Fig.  So). 
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t      ly  different  character.     These 

Ih  t  e  much  krger  than  those 


vGooqIc 


THE   EPIDERMAL    TISSTJE. 


97 


f  th  t  th         11  t     es    h         1    d      th   1.       g  b    d  g 

p     I  m  dp  t        lly  by  I  h         b      g     !  m  t 
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1       hygros     ppprt  th  1         tifOhd         dfm 

A      d  at 

L  k    tl       th     f  rm     f  t  th      p  1    m      1       tt  g      t      pert    t  tl 

sporogonia  of  Mosses;   the  variously  ditferetitiated   internal   tissue  of  the  sporangium 


is  surrounded  by  a  highly  developed  true  epidermis,  sometimes  provided  with  stomati 

(i))  The  Epidermla'.  In  Vascular  Plants  the  epidermal  tissue  consists  usually  only 
of  a  single  superficial  layer  of  cells,  the  true  Epidermis.  In  its  origin  it  always  consists  of 
a  single  layer;  but  this  sometimes  splits  into  two  or  more  by  divisions  paraUel  to  the 


'  H.  von  Mohl,  Vermischte  Schriften  bot  Inhalts.  Tubingen  184S,  p.  260-r.  Cohn,  Da 
Cuticula.  Vratislaviee  iS^o.-Leitgeb.  Dtnkschriften  der  Wiener  Akad.  1865,  vol.  XXIV.  p.  153,— 
Nicolai,  Schriften  der  phys.-okonom.  Gesells.  KoniEsberg.  1865.  p.  J3.— Thomas.  Jahrb.  fiir  wiss. 
Bot.  vol.  IV,  p.  33.— Kraus.  ibid.,  vol.  IV.  p,  305.  and  vol,  V.  p,  83.  — Pfitzer,  ib,d.,  vol.  VII.  p.  561, 
and  vol-  VIII,  p,  I?.-De  Bary,  Bot.  Zeitg.  1871,  nos,  9-11  and  34-37, 
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surface,  durinf,  tt       tie  bud-condition  of  the  organ  in  question.      In  such  cases 

the  outermost  ay  te  d  t  nguished  ai  the  Lpidermis  proper  from  those  whicli  he 
beneath,  or  the  S  engthe  ng  layers,  these  latter  generally  consist  of  large  thiii-walled 
cells  with  contents  as  1  a  a,  water,  for  whn.h  reason  Pfitzer  terms  them  Aqueous 
Tissue.  Epide  n  of  tl  k  nd  consisting  ot  several  layers  occurs  in  the  leaves  of 
most  species  oi  F  u  n  tl  terns  and  leivea  of  many  Piperaceie,  and  in  the  leaves 
of  Begonia,  In  the  roots  also  of  some  sptcies  of  Crinum  the  epidermis,  at  first  simple, 
splits  into  several  layerj.  but  this  is  much  more  striking  in  the  ai^ria!  roots  of  Orchids 
and  Aroidea;,  where  theie  cell  lajera  afterwaids  lose  their  succulent  contents  and  sur- 
round the  substance  of  the  root  as  an  air-containmg  envelope  to  the  root  {Vetameii) 
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many  delicate  petals  (see  beet.  4  (e),  p.  jj). 

According  to  the  recent  researches  of  De  Bary,  particles  of  Wax,  which  cannot  be 
seen  on  sectionj  but  which  exude  in  the  form  of  dropi  when  warmed  to  about  loo"  C, 
are  deposited  in  the  subslance  of  the  cuticular  layers  of  the  epidermis.  This  deposit  of 
wax  {often  associated  with  resin)  is  one  of  the  contrivances  which  protect  the  aerial  parts 
of  plants  from  becoming  moistened  with  water.  But  very  frequently  the  was  extends  in 
an  unexplained  manner  over  the  cuticle,  and  becomes  deposited  there  in  different  forms, 
ft  f  g  th      o-     II  d  'bloo     '        fruits  ind  som    1      e  as  f  uou'  shining 
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extra  rdinin  *  rntion  The  fint  indicat  on  t  f  the  fornntion  of  hairs  occurs  in  tl  e 
pjpillose  protuberai  ce^  of  the  epiderniis  ot  man)  petiis,  to  «hith  their  lehet)  ap 
pearance  is  due  Among  the  s  mplest  forms  are  also  the  Root  hairs  wh  ch  grow  from 
the  epidermis  of  true  roots  or  undeiground  stems  as  Pteru  aquilma  Equisetaceie  &c  , 
they  are  thin  walled  protuberanLcs  ol  the  epidermil  cells  which  lengthen  bj  giowth 
at  the  apes  cr  onl)"  branch  exceptionally  as  occurs  sometimes  in  the  turnip  In 
■Vascular  Cryptogims  then  wall  readdy  acquires  a  brown  red  colour  their  length 
of  lite  IS  usually  short  an  I  whei  they  d  e  all  t  ace  of  them  disappears  The  structure 
IS  similar  of  the  woolly  ha  rs  which  ippear  en  the  leaies  and  intemodes  of  vascular 
plants  while  still  in  the  bud  especiallj  Dieot\ ledons  On  the  unfoldiig  of  these  organs 
the\  commonly  fall  off  and  di'appear  as  m  the  hcrse  chestnut  Rhodulendroa  and 
Araha  pifyrifira  where  they  form  a  felt  easily  w  ped  cB  frcm  the  newlj  unfolded 
leaves  la  other  cases  thej  remain  as  a  woolly  coating  especnlij  on  the  under  i  des  of 
leaves  In  Pncklei  the  wall  s  mostly  thicker  sihcified  and  hard  they  are  shorter 
thai  the  woollj  hairs  pouted  at  the  apex,  and  are  usually  separated  by  a  septum 
from  the  mother  cell  When  the  free  outer  wall  of  unicellular  hairs  exhibits 
greater  apical  and  surface  growth  at  two  or  n  ore  spot  hranthtd  forms  result 
with  a  continuous  canty  The  papdlosie  bulging  of  ai  epideriial  cell  ma\  become 
separated  by  a  septum  the  hair  then  cons  sts  of  a  basal  cell  a  id  a  tree  hair- 
cell,  as  in  Anemia  fra\mfalia  lut  the  separated  papilU  may  also  become  seg 
mented  by  the  formation  ot  mere  or  less  numercus  stpta  when  the  hair  grows 
considerably  in  length  dnd  thus  arise  segmented  bail's  ss  e  g  on  the  filaments  of 
Tradescantta  Sometimes  the  segments  form  later  il  shoots  and  thus  ari  e  tree  like 
b  anehed  structures  with  whored  or  alternate  branches  eg  in  Verbascum  Thapsus 
and  Ktcandra  pfytaloidei  It  longitud  nal  divisons  occur  in  the  segment  cells  of  the 
hiir  or  it  the  hair  continues  to  grow  by  an  apcal  cell  which  forms  segments  on 
two  sides,  flatly  etpanded  hairs  are  the  result  To  this  torm  belong  for  example  the 
so-called  PaleiB  ot  Ferns  which  sometimes  entire!)  cover  the  younger  leaies  F  nally, 
the  divisions  in  the  young  hair  maj  be  so  arranged  that  it  forms  at  length  a  tissue, 
which  Ol  its  part  ma)  again  assume  different  forms  eg  the  pappus  like  hairs  of 
Hieracmm  aurantiacum  and  Azalea  ladica  the  tlpitatt.  hairs  Ol  korrta  and  Rihes 
langumei  m 

The  papilla  which  projects  above  the  ep  dermis  and  is  separated  b\  a  septum  otten 
becomes  divided  bv  vertical  and  radal  walls  and  expands  in  a  d  sc  like  manner  so 
that  the  head  consists  of  a  radiall)  arranged  disc  of  nu  nerous  cells  thus  arise  Peltate 
Ham  such  as  those  of  Eleeagnuj  Htpparis  dMd  Pinguicula  Tutts  of  hairs  arise  when 
the  mother  cell  ot  the  hair  vihich  belongs  to  the  epidern  is  divides  into  several  cells 
lying  close  t-  one  another'  each  of  these  then  gro  "  indepe  de  tlj  t  1  as 
h  F  g  8j      h    h         ppl  m     t  d  by  t  P   43 

^   t       fr  q       tly       1  t  g      -th     f  th     p  hjm     t  kes  pi         b         th  th 

h  d     b    q      tly    Iso       th      p  d    m       th    h        L  If      th      b  al 

pm  pb  fthlf  mthhtlwprt  tt 

d     ply        pi        d      as    f  St  tl         t    i,    g    h  f     1        t    g    fe       ttl 

Th       1     th    p     kles  (  1     b       h      )        th  P    J    t    g      gl       t  th     t  m    f  th 

hp  rtltth        b  t  ptb        tmssftss  hlth        pp 

prtg  ttwppthrpp  '!hdblpti  lllhrs 

1  th  d         d       t     I      1    f     f  Jtf  Ipgl  e>       \\    y  f    m   h       t 

I     g,  t     t  y  th    k       II  d,       d  tt    h  d  t     th       p  d    ff      (     th     t 

any  protuberance)  by  their  central  part.  In  this  case  they  easily  become  detached, 
and  remain  sticking  in  the  skin  of  the  hand  which  touches  the  leaf,  (For  further  details 
on  the  Morphology  of  Hairs,  see  Sect.  21.) 

It  is  very  common  for  hairs  to  be  secreting  organs.  Such  are  the  Slinging  Hairj 
already  mentioned  of  Urticaeea:,  many  Loaaace*,  &e.,  as  well  as  the  short  hairs  of 
some  Urticaceic   which   contain   cystoliths.      But  the  most  remarkable   examples   are 
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Glandular  Hair'  These  consM  of  a  slalk  and  a  terminal  head  whicli  is  either  com- 
posed ot  1  single  cell  hlled  with  resin  or  a  volatile  oil,  or  constitutes  a  true  Gland, 
made  up  of  a  number  of  cells  which  have  coalesced,  so  that  nothing  remains  but  the 
esternd  euticularised  cell-wall  m  the  form  of  a  hollow  vesicle  containing  the  secretion. 
The  oily,  vis<.id,  odoriferous  secretion  not  unfrequently  penetrates  through  the  ce'1-wall, 
and  raises  the  cuticle  in  the  form  ot  a  bladder,  collecting  beneath  it  as  a  clear  fluid, 
while  the  cells  which  produce  it  partially  or  entirclj'  disappear,  as  in  Sal-via,  Camiabh, 
and  Humulas,  in  tbe  latter  case  on  the  perianth  of  the  female  flowers.  We  are  indebted 
to  a  careful  work  by  Hanstein^  for  an  accurate  knowledge  of  the  glandular  hairs 
on  the  leaf-buds  of  many  trees,  shrubs,  and  herbs.  The  parts  of  the  bud  are  coated 
by  a  gummy  substance,  or  one  composed  of  gum-raucilage  and  drops  of  balsam,  which 
he  calls  BlailocoUa,  while  the  glandular  hairs  which    produce  them  he  terms  Colleien, 


These  shortly -stalked  multicellular  hairs  springing  from  an  epidermal  cell  may  expand 
towards  the  apex  in  a,  strap-shaped  manner  {Rumex),  or  may  bear  cells  arranged  in 
a  fan-like  manner  on  a  kind  of  mid-rib  (Cunonia,  Coffea),  or  may  form  spherical  or  club- 
shaped  knobs  {Riles  languineuin,  Syringa  iiulgarii) ;  in  Piatanus  acen/oliahTancYied  rows 
of  cells  occur,  the  roundish  terminal  cells  of  which  are  glandular.  The  colletcK  attain 
their  full  development  at  a  very  early  period  in  the  bud,  when  the  foliar  s 
and  portion  of  the  stem  out  of  which  they  spring  are  still  very  young  and  c 
of  tissue  which  is  scarcely  diiferentiated.     They  are   borne  especially  on   th 


'  Ueber  die  Organe  der  Harz-und  Schldmabsonderung  in  den  Laubknospen,  BoL  Ztitg.  1868,  i 
ieq.     The  very  instructive  illustrations  to  this  paper  should  be  consulted.— See  also  Martinet,  I. 
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1  p    £         I         f  1     f  b  d     (4       !in\  tp  1  h    h   p 

1  p        t   (C  ;    /      i-  )  h    a;   (P  l)g  ) 

th  n     1        (Ri       S)      i;  )      Th  f  th         11  t 

th     P  l)g  n      £6  h         t   t  d      til  d    p      f  b  I 

m      J  g       !w  >       n        f         th  f      1  >         f       11  1 

t    1       f  th         II  t       th         b  t  t      h    h    w  11  dd  t 

th        t    I  p  nt  1)  bl  dd       («        )  it    hes 

th    h  1  bl  dd        f     \\y  th  1    b  rst        d  th 

fl  th     b  d     th  J      d  ]  )         f      11       II  t     p    t    t 

tlbethhhlj         fill         g  pt  dthp  petd 

'V-h        b  1    m        1  t  d    t  m  )F  be         gn     d  th        II      t  tl      h 

b       t    pp  t  d    th        11      11   n  d  o      as      d  p     t    n  th      n     1  g  f    m 

th     b  f  th  t  }■     q       tl       1       th     )        g     p  d  rmls    t    If  bet  th 

co.leters  participates  in  these  processes  (Polj  gonaceie,  Cunoma);  and  the  blastocolla  is 
even  produced  exclusively  from  the  epidermis ,  thus  arises,  for  instance,  the  greenish 
balsam  on  the  bud-scales  and  foliage- leaves  ol  poplars^ 


!      g  b        th  tl 
f      t  d 

t  Ijr  f    m 

!  g      sc  pes      d 


The  Stomata^  are  never  found  on  the  epidermis  of  true  roots;  on  the  other 
hand  they  are  usually  present  on  underground  stems  and  leaves;  according  to  Borodin 
they  are  occasionally  found  even  on  submerged  parts ;  but  they  are  formed  in  the 
largest  numbers  on  the  aerial  internodes  and  foliage -leaves,  though  not  altogether 
absent  from  the  petals  and  carpels;    they  even  occur  in  the  interior  of  the  cavity  of 


'  [Some  reference  should  hero  be  made  to  the  remarkable  discovery  by  F,  Daruln  (Quart. 
Joum.  Micr.  Sci.  1^11,  p.  245)  of  the  protrasion  of  protoplasmic  filaments  from  the  glands  within 
the  cup  fonned  by  the  connate  bases  of  the  leaves  oiDipsacus  sylvalris,  which  he  believes  to  have  a 
fitncliou  connected  with  the  absorption  of  nitrogenous  matter  for  the  nutrition  of  the  plant] 

»  H,  von  Mohl,  Verm  Schriften  bot.  Inhalts.  Tiibineen  1S45,  pp.  J46.  352.— Ditto,  Bot.  Zeilg. 
1856,  p.  joi— A  Weiss  Jihrb.  fur  wiss.  Bot.  vol.  IV,  1865,  p.  125.— Czech,  Bot.  Zeitg.  I86s, 
p.  101— Sirasbuiger  Jahrb  fiir  wiss.  Bot.  vol.  V.  1866,  p.  297.— E.  Pfitzer,  ibid.,  vol.  VII,  i8;o, 
p.  512— Kauter  Mittheii  der  nilunviss.  Vereins  fur  Steiermark.  vol.  II.  Heft  3,  i8;o.— 
Borodin,  Bot  Zeitg  1870  p.  841.— Hildebrand,  ibid.,  p,  i.— Ditto,  Einige  Beobachtuiigen  aus 
dem  Gebiete  der  Plianzenanatomie.  Bonn  1861.— Prantl,  Ergebnisse  dcr  neucrn  Untersucliuiigen 
uber  Spalt  fiiiungen   Flora  1^72. 
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the  ovary  {e.g.  in  Ricinus).  They  are  most  numerous  where  an  active  interchange 
of  gases  takes  place  between  the  plant  and  the  external  air;  for,  considered  physiologi- 
cally, they  are  nothing  but  the  mouths  of  the  intercellular  spaces  of  the  inner  tissue 
which  open  externally  between  the  epidermal  cells ;  this  is  however  always  preceded 
by  a  peculiar  development  in  a  young  cell  of  the  epidermis.  Since  the  stomata  do  not 
arise  till  3  late  stage  in  the  development  of  the  internodes  and  leaves,  or  even  after  their 
e  p      '        thc'r  arrangement  is  partiillv  dependent  on  the  already  elongated  form  of  the 

p  d        al      1        f  thea  g      tly     I     g  t  d        one  direction  and  arranged  in  rows 

(  Eg  d   th      t  m       d   1  t         ny  Monocotyledons  and  Pinus),  the 

t  also     rr     g  d         1     g  t  d      I  the   cleft  lying  in   the  direction   of 

th  f  g       th  th     j,      d      II       ght       d  I  tt     if  the  epidermal  cells  are  irregular 

p  rh      I  r^   d    ^      th     pos  t  f  th«  stomata  is  more  undefined  and 

pp        tl  g  I         Th         mb         t  th      t  m  ta  is  generally  extraordinarily  great 

in  the  epidermis  of  organs  containuig  chlorophyll.  In  54  species  A.  Weiss  counted  on 
one  square  mm.  from  t  to  iqo  stomata,  in  38  species  loo-aoo,  in  39  species  200-300, in  9 
species  400-500,  and  in  j  species  600-700  stomata.  The  origin  of  stomata  is  always 
the  formation  of  a  raother-cel!,  first  of  all  by  division  of  a  young  epidermal  cell,  which 
is  sometimes  preceded  by  several  preparatory  divisions  in  it;  this  mother-cell  becofnes 
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a  ly  b        d  ret    d  b     th     h  Ip     f  th        rf  F  gs   84  86      I 
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the  stoma  (h«;n  appears,  uhcn  perfect,  as  if  it  had  been  formed  according  to  the 
Hyac'mthus  t)pe,  in  which  each  guard-ceil  has  been  again  divided  into  an  upper  and 
a  lower  cell.  But,  according  to  Strasburger,  this  is  not  the  case;  the  two  pairs  of 
guard-cells  lie  originally  in  one  plane,  and,  strictly  speaking,  it  is  only  the  middle  cell, 
— which  is  divided  by  a  vertical  wall,  and  the  splitting  of  which  forms  the  cleft,— 
that  is  to  be  considered  as  the  mother-cell  of  the  stoma;  the  two  oblique  divisions 
by  which  the  two  lateral  cells  are  formed  that  afterwards  lie  uppermost  must  be 
regarded  merely  as  a  preparation  for  the  formation  of  the  mother-cell.  Preparatory 
divisions  of  this  kind  occur  in  many  Dicotyledons;  one  of  the  young  epidermal  cells 
becomes  the  primary  mother-cell  of  the  stoma,  and  is  divided  successively  in  dif- 
ferent directions  by  walls  at  right  angles  to  the  surface;  finally  (Fig.  85)  we  have 
a  cell  .surrounded  by  several  cells  formed  in  this  manner,  which  afterwards  forms  the 
two  guard-cells  (as  in  Crassulaccie,  Begoniacex,  Cruciferse,  VioUces,  Asperifolicie, 
Solanacese,  Papilionacesc).  In  other  plants,  on  the  contrary,  especially  Monocotyledons, 
after  the  formation  of  the  mother-eel!  of  the  stoma  which   results  from  the  division 


of  a  young  epidermal  cell,  divisions  also  take  place  in  the  adjoining  epidermal  cells,  so 
that  the  stoma  is  surrounded  by  a  pair  or  by  two  decussate  pairs  or  by  some  other 
arrangement  of  neighbouring  cells  (Fig.  86) ;  as  in  Moe  socotrina,  Gramines,  Juncacei, 
Cyperaceze,  Alismacex,  Marantaceze,  Proteaceic,  ConiferK,  Pathos  crajsinemia,  Ficui 
etastlca,  Tradescant'ta  xe&rina.  The  origin  of  the  mother-cell  of  the  stoma  in  Planta- 
gineiE,  (Enothere^,  SileneEe,  Centraikma,  and  miiny  Ferns  deserves  special  study  in 
reference  to  the  mode  of  cell-division.  In  these  cases  the  mother-cell '  is  cut  out  on 
one  side  from  the  young  but  already  tolerably  large  epidermal  cell  by  a  wall  bent  in 
a  U-shape,  the  convexity  of  which  faces  the  cavity  of  the  epidermai  cell,  while  Che  ends 


'  Slrasbui^er  calls  them  '  special  mother-cells.'  I  think  it,  however,  better  entirely  to  abandon 
this  expression,  the  more  so  as  its  first  btroduction  in  the  formation  of  pollen  depended  on  an 
obsolete  view  of  the  formation  of  the  cell-wali  (compare  our  description,  pp.  33,  34). 
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arc  applied  to  one  of  its  side-walls  (Fig.  84).  Not  unfrequentlj',  especiajlj'  with  Ferns, 
e.g.  Asphnium  hidbSferum,  Plerii  crelica,  Cibal'mm  Scbiedd,  &c,,  preparatory  cells  are 
cut  out  in  this  manner  from  the  epidermal  cell  before  the  formation  of  the  mother- 
cell,  out  of  which  the  guard-cells  are  then  formed  hy  simple  longitudinal  division. 

In  consequence  of  the  U-shape  of  the  division-wall  which  separates  the  mother- 
cell  of  the  stoma  from  the  epidermal  cell,  the  former  is  half,  or  more  than  half,  en- 
closed hy  the  latter  when  looked  at  from  above.  In  some  Ferns  and  Silence  the  wall  of 
the  mother-cell  of  the  stoma  is  from  the  first  so  strongly  curved  that  it  touches  the  epi- 
dermal eel]  only  in  a  narrow  band ;  in  Anetnia  ■villosa  it  touches  it  only  at  one  spot,  the 
partition- wall  seen  from  above  appearing  like  a  circle.  In  Anemia  dema  3.nd /raxinifoiia 
the  side-w  all  of  the  epidermal  cell  does  not  anywhere  touch  the  wall  of  the  mother-cell 
of  the  stomal  When  first  formed  this  cell  has  the  form  of  a  hollow  cylinder,  or, 
more  exactly,  of  a  truncated  cone,  the  base  and  truncated  end  of  which  are  portions 
of  the  upper  and  lower  wall  of  the  epidermal  cell ;  out  of  the  latter  a  cell  is  thus 
cut  out  hke  1  piece  out  of  a  cork  biJ  a  corkborer ;  this  piece  is  the  mother-cell  of  the 


'y% 


sto-na;  and  thus  arises  the  remarkable  arrangement  represented  in  Fig.  87,  where,  as 
may  be  seen,  the  two  guard-cells  are  entirelj-  enclosed  within  a  single  epidermal 
cell.  Similar,  but  more  complicated,  is,  according  to  Rauter,  the  structure  in  Wipho- 
bolus  Lingua. 

By  further  growth  of  the  guard-cells  and  of  the  epidermal  cells  which  surround 
them,  different  relative  positions  of  the  former  to  the  surface  may  be  brought  about ; 
the  guard-cells'  may,  when  mature,  lie  in  one  plane  with  those  of  the  epidermis,  or  may 
be  deeply  depressed  and  apparently  belong  to  a  deeper  layer  of  cells  (Fig,  88) ;  some- 
times they  are,  on  the  contrary,  elevated  above  the  surface  of  the  epidermis. 

The  stomata  of  Marchantiere  may  shortly  be  mentioned  hei'e  in  connexion  with 
what  has  already  been  said  on  Fig.  63,  p.  78.  After  the  formation  of  the  air-cavities, 
which  are  filled  with  outgrowths  containing  chlorophyll  (Fig.  89,  A,  cbl),  one  cell  of  the 


'  Sliiisbureer,  in  Jahrb.  fiir  ^ 
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epidermis  lying  above  the  centre  is  divided  by  several  bipartitions  into  four,  six  {Mar- 
cbantla,  Fegatella),  or  several  {Rehou'illia)  celLs,  which  are  arranged  radially  about  a  point 
where  their  walls  unite.  Here  the  cell?  separate  from  one  another,  and  the  cleft  (Fig. 
89,  B  and  C,  pa)  is  surrounded  by  four,  six,  or  more  guard-cells  {si).  Each  of  these  cells 
is  finally  divided  by  walls  parallel  to  the  surface  into  from  4  to  8  celU  lying  one  above 
another,  and  the  stoma  becomes  a  canal  surrounded  by  4,  8,  or  more  rows  of  cells. 
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permineDt 

capable     f  d         n      h   h  cot 

of  PMIogen       In   ge  eral   th 
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out  of  the  phellogen 

ilbo  happens    when  c 

manent  cells  proceed 

tormit  on  takes  plici 


take  place,  by  \thich  the  number  of  the  rows  of  cells  is  increased.  Of  the  tw 
formed  cells  of  each  radial  row  {i.e.  vertical  to  the  surface  of  the  organ)  one 
thin-walled,  rich  in  protoplasm,  and  capable  of  division ;  the  other  becomes  suberised  and 
■I  se  usually  par  llel  to  the  surface  of  the  organ  a  layer  of  cells 
tnues  to  f  rn  ne«  cork  cell  the  Co  k  anbu  orlaje 
IS  the  nnern  ost  la  e  of  the  whole  corl  tssue  so 
fugall)  and  new  la  ers  of  c  rL  are  consta  tlv  formed 
de  those  alrea  ly  n  ev  stence  But  accord  ng  to  San  o  t 
b  g  nn  ng  to  be  produced  that  the  format  on  ot  per 
(  petaliy  or  an  attern  on  ot  centr  petal  and  cent  higal  cell 
the  >  ung  CO  k  t  sue  But  00  er  or  later  the  centr  fugal 
cork  w  th  phellogen  on  the  nner  de  al  vays  co  nmences  ■»  result  ot 
the  c  cunsta  ce  that  the  t  s  e  1;  ng  o  the  o  t  de  of  completely  s  bersed  la)  ers 
of  cells  d  e  00  er  or  later  \  suallj  the 
fo  mat  on  of  cork  beg  n  first  at  s  ngle 
pla  es  of  the  per  phery  ot  1  gn  bed  b  ancl  e 
but  the  phellogen  gradual!)  (brms  3  con 
tinnou-i  layer  from  which  new  layers  of 
cork  are  developtd  centrifugally.  When 
m  this  manner  a  laver  of  cork  arises, 
mere'ismg  pro  ressnely  from  the  inside, 
it  IS  termed  Periderm.  The  develop- 
ment and  configuration  of  the  coi-k- 
cell>;  may  change  periodicdlly  during  the 
formation  ot  periderm,  iltemate  layers  ot 
narrow  thick  walled  and  broad  thin  walled 
cork  cells  are  lormed  the  periderm  then 
appeals  stritihed,  like  wo  d  with  annual 
ringb,  as  in  the  pe  iderm  of  the  cork  oak 
birch  &c  In  some  cases  the  phellogen 
gives  rise  not  only  to  cork  cells  by  which 
the  periderm  increases  in  thicknes  ,  but 
pirencb)  matous  cells  are  also  formed  con 
tim  ng  chloroph)  1!  but  it  is  only  daughter 
tells  ot  the  phLllcge  1  Iving  on  the  inner  side 
(facing  the  noodj  thit  undeigo  this  meta 
morphosLs      In  this  mmner  the  gieen  cor 

tical    tissue    of  some    dlCOt)  ledonOUS    plants        oiieyeir''lj'^ofa"mm^^sil^"^"^'ldfri^i!Th^h^ 

becomes  thickened  by  the  layeis  ot  tissue      \„^^^i'^^^;,  Vi'\^''t\^^V^%^<'^tZ"^2 

proceeling  Irom  the  phellogen  which  l"eM'=  *  the  cork-;ellaarrang«lrai]lallj  in  imis  funned  &om 
,  ,  , ,  ,  .        1   .  '■*  cenmruKal  order  pd  phelloitenn  (narenehyiDB  contaiuinff 

banio  terms  the  s  ibero  is  cortical  layer  or       hbropiijii  formed  mtr  p*tai jr  t  on  1  *  53- 
Phdhderm      This  occurs    for  example    m 

branches  two  )eirs  old  or  more  of  Sahs  pu,purea  and  alba  the  beeih  &c.  In 
such  cases  the  phellogen  lies  between  the  peridi.rm  and  the  phelloderm  the  outer 
daughter  cells  producing  cork  lcIIs,  th-  inner  phelloderm  (Fig  90)  The  layers  of 
penderm  which  first  undergo  aubensation  sometimes  beir  a  lery  clo<ie  resemblance  to 
true  epidermis,  as  for  instance  m  branches  one  year  old  (August)  ot  the  Scotch  fir, 
where,  whie  the  epidermis  still  remains,  the  cork  cambium  is  formed  in  the  cortical 
parenchymi  and  at  first  presents  the  appearance  as  if  a  second  epidermis  were  formed 
with  cells  greatly  thiLkened  on  the  outside 

As  the  epidermis  is  at  first  replaced  b)  the  periderm,  so  this  again  is  afterwards 
replaced  by  the  formation  of  bark  when  the  increase  in  thickness  continues  long  and 
vigorous.  In  large  trees,  as  oaks  and  poplars,  the  boughs  are  covered  with  epidermis  in 
their  first  year,  when  several  years  old  with  periderm,  the  older  branches  and  the  stem 
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with  bark '.     The  formation  of  bark  depends  on  the      p    t 
of  phellogen  in  the  succulent  cortical  tissues  of  Con  t 
tinue   to  grow  centrifugally.     Layers  of   celis  which 
different  tissues  of  the  cortex  are  changed   into  co  k      n- 
active  after   the   production   of  thicker  or  thinner  1  j 
cork   cut   out,  so  to  speak,  from  the  cortex,  scaly 
everything  which  lies  outside  them  becomes  dried  ip  i 

stantly  repeated  on  the  outside  of  the  stem,  and  th 
intrench  further  on  the  growing  cortical  tissue,  am         t  < 
constantly  increasing   in   thickness,  becomes   separat  d   t 
cortex ;   and  this  is  the  Bark.     The  process  is  very    I 
plane  which  detaches  itself  in  large  scales,  and  almost        1 
fir.     Since  the  bark  does  not  follow  the 
longitudinal  crevices  from  th        rf 
of  weakest  cohesion ;  in  oth  t  p 

from  the  stem  (ring-bark)  as      th     h 
Lenticeh  are  a  peculia     y     f         k  t 
formation  of  periderm  in  b 
covered  with  uninjured  ep  d  m 
the   first  or  in   the  follow    g 
direction  of  its  length ;   th     1 
wart,  which  is  often  divided  by 
generally  brown,  its  substa        t 
further  Increase  in  thickn 
tion    transverse    to   the    b         h 
when  afterwards  cork  or  b    k 
these,  and  they  become  ind  t    g 
the  scaling  off  of  the  ba  k  th  y 
lenticels  arise  only  at  those  p     t 
according   to   Mohl   the 
through  the   outer,  and  f 
coalesces  with  the  cork  of  th  t  t 
The  formation  of  cork  on  th    ] 
which   afterwards   grows   t 
formations  becoming  inteip      d  b 
In  many  trees,   as  CraltEgu    P  r. 
begins  from  single  spots,  a  d  b 
Mohl,  the  points  of  depart 
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Sect,   i6.      The    ¥ib  o  v 
Cryptogams  and  of  Piian 


i  Tilar    Bundles    — 
I  d  b    iill 


t-like  I 
t  on  of  periderm, 
ng  potato-tubers, 
rs,  until  tlie  cortex 
5  iderm  or  bark- 
p  -t  of  the  cortex, 
tion  of  periderm 
I    are,  according  to 


of    the    higher 
g-like  masses  of 


rable  ii 


of    h    k 


h  h  f  mation  of  periderm, 
as,  for  example,  in  the  sunilow  d      h  1       m        I      I     cum  th       p  d     mis  always  remains 

capable  of  develojimenl.  and  its  thick  cuticular  layers  render  the  protection  of  periderm  super- 
fluous. The  formation  of  bark  is  also  not  a  necessary  consequence  of  vigorous  increase  of  thickness ; 
the  copper-beech  and  the  cork-oak,  for  example,  form  nothing  but  periderm. 

'  [For  a  detailed  investigation  of  the  development  of  lenticels,  see  E,  Stahl,  Entwickelungs- 
gieschichte  und  Anatomic  der  LenticeUen,  Bot.  Zeitg.,  1873.] 

'  H.  von  Mohl,  Vermischte  Schriften,  pp.  108.  119,  195.  268,  171,  38.1;. — Ditto,  Bot.  Zeitg. 
'8S5.  P-  S73.— Schacht,  Lehrb.  der  Anat.  u.  Phys.  dec  Genaclise,  pp.  316,  307-354,— Nageli, 
Eeitrage  lur  wiss.  Bol.  Lejpi'.g  1858,  Heft  1.— Sanio,  Bot.  Zeilg  1863,  no.  is  el  mj— Nageli,  Das 
DickenwBchslham  des  Stammes  u.  die  Anordnung  der  Gefasstrange  bei  den  Sapindaceen.  Munchen 
1864. — Caractere  et  formation  da  lijgedans  ies  dicotyledons,  in  Rauwenhoff's  Archives  N^erliindaises, 
vol.  V.  1870.     [For  the  recent  literature  see  Vines  in  Quart.  Jour.  Micr.  Sd.  1876,  pp.  388-31,8.] 
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tissue  whcch  n  srme  cases  develop  by  increase  m  thickness  in  such  a  minner 
that  thej  lose  externally  the  form  of  sirngs  and  present  that  of  large  maaies 
retaining  however  internally  their  charactenstic  structure  These  ate  the  Jauular 
or  Fibro  vascular  Bundks  \  er)  often  they  c-in  be  completely  isolated  w  th  ease 
from  the  rest  of  tie  tissue  of  the  plant  If  for  instance  the  petiole  of  PImligo 
major  is  broken  across  thei  h-ing  out  from  the  parenchyma  as  tolerably  thick 
extensible  elastic  threads  In  Pkris  jjuihna  it  is  possible  bj  scraping  ofl  the 
mucilaginous  pirenchyma  after  removing  the  hard  epilermil  tissue  of  the  under 
ground  stem  to  expose  them  as  strap  shiped  or  fihform  \er3  hrm  light  yellownsh 
hands  (Fg  91)  In  older  leases  of  trees  dry  pericarps  (as  Da/uri)  stems  of 
Ciclus  &c  the  fibro  \ascuhr  bundles  ire  left  through  the  decij  of  the  pirenchjmi 
which  surrounds  them  as  a  skeleton  retaining  more  cr  Ic  s  the  r^inal  form 
Beaut  fill  and  instruct  ve  skeletoi  s  of  this  nature 
are  afforded  by  the  stems  of  Tree  ferns  Dia 
cina  }uc  a  maize  &c  when  their  parenchyma 
has  been  destroyed  by  gradual  deci)  ind 
only  the  epidermal  tissue  and  the  firm  bundles 
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when  it  is  sufficiently  developed,  of 

1       fore  itself  be  considered  as  a  lissue- 

j  1    ge  number,  unite  in  most  plants  to 

however  we  shall  consider  only  the 

fi    t   of  similar   cells    fitting   together 
f       sue   in  the   young   undifferentiated 

'  The  young  cells  of  the  fibro-vascukr  masses  are  not  always  elongated  and  pioseiichymatous ; 
the  roots  of  mdze  the  young  vascular  cells  which  no  longer  diyidc,  as  well  as  the  adjoining  ones, 
;  tabular  or  cubical. 
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bundle  mi^  be  teimed  Pio  wilium'  h%  it  grows  older,  some  of  its  rows  of 
cells  change  into  permanent  cells  of  definite  form  (vessels,  bast-fibres,  &c.);  and 
from  these  Stirling  poinf:  the  iransfjrmation  of  the  procambium- cells  into  per- 
maiitnt  tells  in  the  tnns\er'.e  section  of  the  bundle  advances  until  the  cells  have 
ill  iinlergone  this  cbani^e     oi   an  mnei   laiei  >f  the  bundle  remains  capable  of 


further  development,  and  is  then  called  Cambium.  In  advanced  age  there  are  thus 
bundles  devoid  of  and  bundles  containing  cambium ;  the  former  may  be  termed 
closed,  the  latter  open  °.     As  soon  as  a  procambium -bundle  has  become  transformed 


'  N'ageli  calls  ttie  tissue  of  the  young  fibro-vascular  bundles  simply  Carabvum,  and  applies 
the  same  terai  to  the  tissue,  capable  of  further  development,  of  the  bundles  which  increase  in  thick- 
ness, which  neverllieless  onghc  lo  be  distinEuished  from  them,  Sanio  terms  the  latter 
Cambium,  a  restriction  which  I  adopt.     (Sanio  in  Bot.  Zeitg.  1863,  p,  361.) 

'  This  distinction  was  first  made  by  Sehleiden ;   but  he  incorrectly  ascribed  to  Dicotyledi 
general  only  open  bnndles;   his  distinction  of  simultaneous  and  successive  cannot  be  sustainec 
bundles  become  ditferentiafed  successively  in  transverse  section.     Schleiden's  simultaneous  bimdli 
of  the  higher  Cryptogams  belong  to  the  closed  description. 
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into  a  clo^ti  hbro  lascuhr  bunile  all  further  growth  ceases,  as  in  Cnfitogams, 
Monocotjledoiis,  and  some  Dicoulcdons  The  open  fibro  lascuUr  bundle  on 
the  other  hand,  continues  to  produce  ne«  lajers  of  permanent  tissue  on  boih 
sides  of  Its  cambium  and  thus  the  portion  of  the  stem  or  root  concerned  con 
tinually  increases  in  thickness,  as  occurs  in  woody  DicotjUdons  ind  Canifers 
the  fohar  organs,  however,  of  these  plmts  possess  closed  bundles,  or,  if  the>  are 
open,  the  activiti   of  their  cambium  soon  ceases 

The  different  forms  of  tissue  of  i  differentiated  fibro  vascular  bundle  may  be 
classified  into  two  groups,  which  Nigeli  calls  the  Phloem  (Bast)  and  X\hm  (\^'ood) 
portion  of  the  bundle  They  are  separated  by  the  cambium  if  there  is  any  In 
each  of  the  two  constituents  of  the  bundle,  the  phloem  and  the  x>lem,  three 
forms  of  tissue  are  especnlly  to  be  distinguished  — (i)  Vascular  cell  unions  (the 
wood\essels  of  the  v>lem,  the  sieve  tubes  of  the  phloem),  (2)  Prosenchj matous 
Tissue  (the  nood  fibres  in  the  xilem,  the  bast  fibres  in  the  phloem),  and 
(3)  Parenchimatous  Tissue  (the  wood  parenchyma  in  the  t)lem,  the  bast  paren 
chyma  in  the  phktm)  The  phloem  consists  of  succulent  generiUj  thin  « ailed 
cells  only  the  bast  cells,  which  are  often  absent,  but  verj  fiequently  massi\el> 
developed,  are  usutlly  greatlj  thickened  (mostlj  howevtr  not  ligmfied  but  fletible) 
The  thin  walled  succulent  cells  are  eithei  parenchymatous  or  the)  are  cambiform 
or  latticed  cells  or  finally  sieve  tubes  The  xjlem  portion  of  the  fibio  vascular 
bundle  has  mosth  a  strong  tendency  to  thicken  its  cell  walls,  which  become  hard 
and  ligmfied,  m  vessels  and  wood  cells  with  bordered  pits  the  contents  disappear, 
and  they  henceforth  contam  air  Ligmfied  parenchima  is  also  abundant,  but  m 
some  cases  no  lignifymg  takes  place,  the  whole  bundle  is  then  soft  and  succulent, 
sometimes  traversed  only  by  single  thinner  strings  of  ligmfied  ve'^sels  and  wood  cell=, 
as  in  the  roots  of  the  radish  tubers  of  the  potato,  &c  The  elements  of  the 
fibro-vascular  bundles  as  far  as  the\  consist  exclusivelj  of  procambium,  are  mainly 
prosencb) matous  or  \t  least  elongated  m.  the  direction  of  the  axis  of  growth  of  the 
bundle  In  open  bundles  there  arise  also  in  the  cimbium,  with  the  increase  of  their 
thickness,  radul  rows  and  hyers  of  hoiizontallv  extended  cells,  by  which  the  later 
formed  \jlem  and  f  hloem  layers  of  the  bundle  become  broken  up  m  a  fan  like 
manner  These  horizontal  elements  mostly  assume  the  character  of  parenchimatous 
cells,  and  ma)  be  generallj  designated  as  raja,  within  the  xjlem  they  are  called 
Xflcm  rays,  within  the  phlofim  Phloem  rays 

The  position  of  the  lajers  of  phlofem  and  xjlem  in  the  transverse  section  of  a 
bundle  vanes  according  to  the  class  to  which  the  plant  belongs  and  the  organ  in 
which  they  are  found,  in  the  open  bundle  of  the  stem  of  Dicotjiedons  and 
Conifers  the  former  he  towards  the  circumference',  the  xjlem  facing  the  axis  of 
the  organ,  between  the  two  lies  the  cambium  la\er  (Fig  93)  But  a  lajer  of 
phloem  15  sometimes  found  in  additii)n  on  the  axial  side  of  the  xjlem,  so  that 
the  bundle  possesses  trto  phlofim  lajers,  a  peripheral,  and  an  axial  lajer  <■  g  in 
Cucurbitacese,  SoUnace^,  and  Apocvnacea;  In  the  closed  bundles  of  Dicotyledons 
there  occur  considerable  deviations  from  the  topical  position  of  the  tissues,  among 

said  ill  Book  II.,  at  Ihe  end  of  the  section  on  Dicotyledons,  on  the 
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Monocotyledons  these  are  still  more  con  piLUous  e'-pecull)  il  the  bundle-sheath 
of  lignified  prosenchyma,  which  often  occurs  in  them  is  taten  into  account  (see 
Fig,  92}.  Among  Ferns,  Lycopodiacese  (u  th  solaled  bundles')  and  Rhizocarpeae, 
the  xylem  lies  in  the  centre  of  the  bundle,  while  the  phloem  fo  m'-  a  soft  succulent 
sheath  round  it  (Fig.  67,  p.  80,  and  Fig,  94) 

According  to  the  relative  position  of  the  two  principal  constituents  of  fibro- 
vascular  bundles,  they  may  be  classified  under  two  varieties: — (r)  Collateral  bundles, 
in  which  the  phloem  and  xylem  run  parallel  to  one  another,  like  the  two  halves  of  a 


rod    bisected   lengthwise,    as    occurs   in   Phanerogams  and  Equisetaceas ;    and  (z) 
Concentric,  when  the  sylem  is  completely -enclosed  within   a  layer  of  phloem,  as  . 
in  Ferns,  the  simple  bundles  of  Lycopodiaceje  ^,  &c.     The  latter  kind  are  always 

'  The  bundle  in  the  stem  of  Lycopodium  Chamacyparisius.  &c.,  is  clearly  a  nnion  of  several 
fibro-vasCTilar  bundles,  such  as  occurs  in  the  axial  cylinder  of  roots  (see  Book  1I„  I.ycopodiaceie). 

'  See  R.ussow,VergleichendeUntersuchimgen  iiherdie  l.eitbundelkryplogamen.  Petersbuvg  iS^j, 
p.  IS9  et  seq.  The  terminology  employed  in  this  paper  does  not  seem  to  me  happy,  with  the 
exception  of  Ihe  term  '  collateral  bundles.' 
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closed;    while  the  former  tnay  be  either  closed  or  open.      {Vide  infra  under  the 
Fib ro -vascular  system  of  roots.) 

Every  one  of  its  cell-forms  may  at  one  time  or  other  be  absent  from  a  fibro- 
vasctilar  bundle;  bundles  may  occur  without  wood-cells,  without  vessels  (very  rarely), 
without  bast-fibres,  &c. ;  it  is  only  the  soft  bast  (the  succulent  ihin-walled  cells  of  the 
phlofem)  that  11  scarcely  ever  absent  All  these  ariations  may  occur  n  the  lame 
fibro  \ascular  bundle  m  different  parts  of  iti  length  when  this  is  considerible  The 
terminations  of  the  bundles  which  traverse  the  stem  of  Phanerogams  are  usually 
found  m  the  lei\es  there  as  their  thickness  decreases  they  lose  3,11  the  elements 
of  the  xjlem  except  01  e  or  two  spiral  vessels  an1  finilH  these  also  the  extreme 
ends  of  these  bimdles  wh  ch  traverse 
the  mesophyll  of  the  leaves  iften 
consist  only  of  loig  nwrov  th  n 
wdlled  cmb  f  rm  cells 

If  the  fi^ro  vasculir  bindle  is 
ftrmed  \l  tie  very  earl  est  penod 
w  th  n  an  organ  which  afterwa  h 
grows  rapidl)  in  length  then  the 
element  which  were  formed  Ixfor 
the  increase  in  length  (the  inner 
most  vessels  and  the  outermost  bast 
cells)  are  the  longest  since  thej  [  a 
I  c  pate  m  tie  ulole  increase  in 
length  of  the  or^in  the  elements 
developed  during  the  elongation  are 
shorter  and  these  are  shor  est  of 
all  which  arse  after  the  increase  in 
length  of  the  whole  organ  has  been 
completed ,  this  occurs  m  particular 
with  the  open  bundles  of  Dicotyle- 
dons and  Conifers. 

The  development  of  the  elements 
of  a  bundle  always  begins  at  single 
points  in  the  transverse  section, 
and  extends  from  them  in  different 
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the  stem  or  loot  giowi  In  Dicotyledons  on  the  contrary,  after  the  first  year, 
a  combination  of  vessels  ind  wood  prosenc!i\ma  often  mixed  with  wood-paren- 
ch(mi  IS  annuallj  formed  In  trees  with  annual  nn^s  in  the  wood  a  periodicity 
may  be  remarked  m  the  de\  elopment  of  the  cells  of  the  x)  lem ;  and  on  this  depends 
its  stratification  into  annua!  layers  Not  unfrequenfl)  the  phloem-portion  also  shows 
a  similar  stratificalion  In  the  closed  bundles  of  Monocotyledons  the  order  of 
de\elopment  in  the  first  year  is  similar  to  that  alread>  described.  In  Fig.  92,  for 
e\ample  the  annular  vessel  r  is  first  formed  in  the  w  lem -portion,  then  the  spii*al 
vessel  I,  then  advancing  right  and  left  the  fitted  vessels  gg,  and  in  the  middle 
(advancing  radiallj)  the  mrro^s  j  itted  vessels  It  sometimes  occurs  [e.g.  in 
Cal  d>  M  n  actordmg  to  Nageli)  that  the  formition  of  vessels  advancing  right 
and  left  encloses  the  piocambium  whiuh  afterwards  passes  over  into  latticed  cells. 


In  the  petiole  of  Pteris  aquUina  the  development  of  the  sylem  begins  in  the 
procambium- bundles,  by  the  formation  of  some  narrow  spiral  vessels  in  the  foci 
of  their  elliptical  section ;  scalariform  vessels  are  then  formed  in  the  direction  of 
the  longer  axis  of  the  ellipse,  first  centrifugally  then  cen  tripe  tally,  until  a  compact 
woody  mass  is  produced,  elongated  in  transverse  section;  round  this  the  pro- 
cambium  wliich  is  still  left  is  transformed  into  latticed  cells,  sieve-tubes,  and 
cambifonn  tissue,  and  partly  (at  the  cncumference)  into  bast-fibres  {Figs.  94,  96). 
The  same  is  the  case  with  most  concentric  bundles  of  Cryptogams. 

The  Fibro-'vaicular  System  of  RdoH.      Bundles  of  the  kind   now  described  traverse 
tbe  stem  and  branches  usually  in  large  numbers  (sometimes,  as  in  Palms,  the  nviitiber 
us),  bending  at  their  upper -end  into  the  leaves,  where  they  ramify  copiously  in 
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the   lamina,   constituti  f,     t 
fundamental  tissue  both         t^ 
the  rest ;   the  only  Co         t 
ends  within  the  stem.     Th 
strikingly  different,  If 
structures    produced    bj    d  If 
tliickening- tissues  which      b 
(see  Sect.  i8).      The         t 
sectioiij  both  in  Crypt  g 
layer  of  parenchymatt       f     d 
traverses  the  whole  length     f  th 
or  Plerome ;  it  Is  always   h  rply 
layer  of  the  latter,  the  B     dl     I 
sheath  separates  the  cortex 
from  an   internal  cylinder 
of  tissue'    containing    the 
fibro-vascular  bundles  (Fig. 
93,  p.  112).     It  may  easily 
he  recognised  by  the  cha- 
racter of  the   longitudinal 
partitions  of  its  cells  in  a 
radial    section,    which,    in 
consequence  of  their  pecu- 
liar   folding,     appear,     on 
transverse    section,    a^    if 
marked  with   a  black  dot 
(Fig.  96,  j)^ 

Within  this  bundle- 
sheath  is  usually  found  in 
thick  roots  a  large  number 
of  ribbon-shaped  vascular 
bundles  arranged  in  a  ring. 
In  each  vascular  bundle  the 
oldest  but  smallest  vessels 
lie  on  the  outside  next  the 
sheath  (Fig.  96,  p,p) ;  from 
them  the  formation  of  ves- 
sels advances  centripetallv 
s(  th  t  th  It  t 
•is  I    wh    hi 
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'  [This  is  well  shown  by  Van  Tieghem,'  Recherches  su 
ires,  in  Ann.  des  Sci.  Nat.  5th  ser ,  iSji,  vol.  xiii.  pi.  i 
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primary  roots  of  seedling  Dicotyledons  and  Conifers,  ai-e  thick  in  their  upper  part, 
gradually  decreasing  in  thickness  below  as  they  lengthen,  have  no  pith  in  their  lower 
part,  so  that  the  vascular  bundles,  separated  above  by  this  pith,  are  in  contact  in  the 
lower  parts  of  the  root,  presenting  a  star-shaped  appearance  on  transverse  section. 

The  outermost  portion  of  the  axial  cylinder  consists  [except,  according  to  Niigeli 
and  Leitgeb,  in  the  case  of  EquUetum)  of  a  simple  layer  of  cells,  which  they  have  termed 
Perkamh'ium.  It  must  he,  as  will  be  seen  from  what  has  been  said,  on  the  inside  of  the 
plerome-  or  bundle-sheath  (Fig.  i)6,pc).  The  importance  of  the  pericambium  in  the 
branching  of  the  root  and  in  its  increase  in  thickness  will  be  discussed  farther  on 
in  Sects.   i8  and  23. 

In  the  present  state  of  our  knowledge  of  tissues  it  is  still  doubtful  whether  the  axial 
cylinder  of  roots  should  be  regarded  as  a  single  fib ro- vascular  bundle,  or  as  a  coalescence 
of  a  number  of  such  bundles,  corresponding  to  the  bundles  of  xylem  and  phloem.  Van 
Tieghem  (/.  c.)  adopts  the  latter  view,  laying  special  stress  on  the  fact  that  *  nost  stems 
also  a  plerome-sheath  {which  he  terms  '  membrane  protectrice  )  eparates  all  the  fibro 
vascular  bundles  together  with  the  pith  from  the  cortex  On  th  s  e  t  s  only 
necessary  that  the  bundles  in  the  stem  should  be  clo  el)  crowded  together  an  1  their 
phloiim-portion  placed  at  the  side  of  instead  of  in  fro  t  of  the  xjle  n  port  on  n  order 
to  get  an  axial  cylinder  like  that  of  roots.  This  v  ew  s  supported  bv  tl  e  fact  tl  at 
in  some  stems  (as  in  those  of  Lycapod'mm,  Fig.  100,  B  p  2  an  1  some  viter  pla  Is  1  ke 
H'ppuris,  HydriUa,  &c.)  there  is  an  actual  axial  t)lnder  s  m  lar  to  tl  at  ot  roots 
Further  investigation  is,  however,  required  to  show  how  far  one  just  fied  n  regard  ng 
the  entire  asial  cylinder  of  roots,  like  that  of  the  ste  s  just  referred  to  as  the  res  It 
of  a  longitudinal  coalescence  of  true  fibro-vascular  bundles 

Forms  of  Cells.  I  have  at  present  indicated  only  the  reiaC  e  po  t  ons  of  tl  e 
separate  forms  of  tissue  in  the  fibro-vascular  bundle  some  remark  II  folio  on  the 
forms  of  their  cells ;  hut  here  also,  in  consequence  of  the  nu  erou  spec  al  mo  les  of 
development,  leference  must  he  made  to  the  spec  al  1  o  phology  of  separate  classes 
of  plants  in  Book  II.  The  cell-forms  of  the  fibro  V3  eular  bundles  atti  n  the  r  nost 
perfect  and  varied  development  in  Dicotyledons;  the  tornis  wl  ch  oecu  then    nay 

therefore  be  employed  as  a  basis  for  the  critical  examination  of  those  of  other  classes  of 

The  Xyleai-poption  of  the  fibro-vascular  bundle  of  Dicotyledons  is  composed  of 
numerous  cell-forms,  which  may  be  referred,  according  to  Sanio's  careful  researches, 
to  three  types.  He  distinguishes  (ij  Vascular,  {2)  Prosenchymatous,  and  (3)  Paren- 
chymatous. 

To  the  Vascular  forms  belong  the  Ducts  {pitted  or  dotted  wood- vessels)  and  the 
vascular  wood-cells  or  Trache'idis.  This  form  of  cells  is  characterised  by  their  walls 
forming  open  orifices  where  two  cells  of  the  same  kind  meet,  so  that  their  contents  soon 
disappear  and  air  takes  their  place ;  the  thickenings  show  a  tendency  towards  the 
formation  of  spiral  bands,  reticulations,  and  bordered  pits.  True  Vessels  (Figs,  25,  94,  pp. 
26,  113)  arise  when  the  septa  of  similar  cells  arranged  in  longitudinal  rows  are  entirely  or 
partially  absorbed ;  and  thus  long  tubes  originate,  filled  with  air,  and  distinguished  from  the 
adjoining  wood-cells  principally  by  their  greater  breadth^.  The  septa  may  be  horizontal 
or  more  or  less  oblique ;  and  in  general  the  mode  of  their  perforation  corresponds ; 
horiisontal  walls  are  often  entirely  absorbed,  or  are  pierced  by  large  round  openings.  The 
more  oblique  the  septum,  the  more  do  the  perforations  take  the  form  of  narrower  or 
broader  parallel  fissures ;  and  the  thickening-bands  of  the  septum  which  remain  present 
more  or  less  the  appearance  of  rungs  of  a  ladder,  while  they  often  combine  into  a  net- 
work. These  scalariform  septa  are  found,  according  to  Sanio,  not  only  in  reticulately 
thickened  vessels  and  those  with  bordered  pits,  as  was  previously  supposed,  but  also  in 
spiral  vessels  {e.g.  in  Casuar'ma,  Olea,  Vllis),  where  coils  of  the  spiral  band  pass  imme- 
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diately  into  the  scalariform  markings.  The  detachment  of  the  spiral  band  of  the  first- 
formed  spiril  vessels  in  stems  and  petioles  which  are  growing  rapidly,  appears  to 
depend  solely  on  the  separation  of  the  band  from  the  thin  quickly-growing  wall 
common  to  the  vessel  and  to  the  adjoining  cells.  If  the  band  were  unrolled 
owing  to  the  absorption  of  this  wall,  the  adjoining  cells  would  necessarily  be  opened. 
If  the  septa  of  the  separate  vascular  cells  are  very  oblique,  the  cells  assume  a 
prosenchymatous  appearance,  and  the  more  this  is  the  case  the  more  does  the  vessel 
appear  completely  continuous.  In  the  xylem  of  Ferns  this  is  often  carried  to  so 
great  an  extent  that,  after 

the  cells  have  been  isolated  ^  /f 

by  maceration,  it  would  be 
easy  to  believe  that  wc 
have  not  cells  united  into 
vessels,  but  fusiform  pros- 
enchyma  (Fig.  27,  p.  27); 
but  in  this  case  also  all  kinds 
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lie  above  and  cells  which  lie 
beside  one  another  are  no 
longer  different  in  form ; 
rows  of  cells  no  longer 
give  rise  to  continuous 
tubes,  but  whole  masses  of 
cells  (bundles,  &c.)  are  con- 
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Figs.  25,  24,  p.  25).    There 

is  no  other  difference  between  these  and 


e  vessels ;  for  vessels  with  open  bordered 


■  See  Dippel  ill  the  Anitlichen  Bericht  derjp.  Vers,  det  Natuiforscher  u.  Aerzte.  1865  (Giessen), 
PI.  3,  Figs.  7-9.  Dippel's  observations  on  Cryptogams  and  the  whole  description  of  the  formation 
of  vessels  here  given,  their  passage  into  tracheldes,  and  especially '  the  fact  that  the  air-conducling 
vascular  forms  have  open  bordered  pits,  and  are  thus  in  communication  even  when  the  paren- 
chymatous constituents  of  a  vessel  are  united  not  by  large  openings,  but  by  narrow  fissures,  &c.  (and 
are  hence  not  closed  cells,  as  Caspary  thioksl,  compel  us  to  reject  Ca,spary's  hypoltesfs  of  the 
absence  of  vessels  in  Ciyptogams  and  many  Phanerogams.  (See  Caspary,  Monalsberichle  der  k. 
Akademie  der  Wissenschaften  in  BerUn,  i86a,  p.  448  [Nat.  Hist.  Rev.,  1863,  pp.  364-367].) 
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pits  (ducts)  behave  in  reference  to  the  side-walls  exactly  like  tracheVdes  (Fig.  25,  p.  26). 
The  separate  elements  of  the  vessels  of  Ferns  composed  of  prosenchymatoiis  cells  {h"ig, 
a7,  p.  27)  may  be  correctly  designated  traeheides. 

The  ProsembymatBui  cell-forms  of  the  Jrylern  are  always  fusiform,  very  thict-walled 
in  comparison  with  their  diameter,  with  usually  simple,  but  sometimes  bordered  pits, 
the  pits  small,  always  without  a  spiral  band;  durm^  the  repose  of  vegetation  they 
contain  starch.  Next  to  the  middle  lamella  of  their  pirtition-ualls  thete  olten  hes 
an  unlignified  gelatinous  thiebening-mass  which  is  coloured  iiolet-red  by  Sehultz  s 
solution,  and  resembles  many  bast-fibres.  These  cells  are  generally  much  lunger 
than  the  vascular  forms.      Sanio  distinguishes  two  torms.—the  simple  {hbiirorm)  and 


the  septate  fibres ;  the  latter  are  distinguished  from  the  former  by  their  cavity 
being  partitioned  by  several  thin  septa,  while  the  common  wall  of  the  whole  fibre  is 
thick.  These  prosenchymatous  cell-forras  are  found  in  the  wood  of  dicotyledonous 
trees  and  shrubs  in  the  most  various  intermixture  with  the  vascular  elements  and  the 
other  forms  to  he  named  immediately.  Whether  libriform  fibres  occur  in  Cryptogams 
is  at  least  doubtful. 

The  Parencbymaloui  cell-forms  of  the  xylem  are  widely  distributed,  and  especially 
abundant  when  the  woody  substance  of  the  fibro- vascular  bundles  attains  a  considerable 
thickness.  They  arise  by  transverse  division  of  the  cambium-cells  before  their  thicken- 
The  sister-cells  show  this  origin  chiefly  by  the  mode  in  which  they  are 
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Z  d       i  p!  t  ])   d      i  p  d  they  are  thin- walled,  with  simple  closed  pits. 

Th  t     t  w    t  t     f    t  rchj  often  associated  with  chlorophyll,  tannin, 

d    ry  t  1     f     1     m       It       It    1     happens  sometimes  that  the  cambium-cells  on 

th       yl  m     d       f  th     b      II     b       m     transformed,   without  transverse  division,  into 

p  hj      t  th      w  II  d       mply   p  tted,   elongated,   succulent   cells,   which   must 

Isob        nsd       iasp  lmtu.fmsof  wood-cells '.     To  this  last  type  are  also 

b        f        d  th     p  hj       t  1  ments  in  tlie  xylem-portion  of  the  closed  fibro- 

I      b     dl         f  W     oc  tyl  d  d  Cryptogams;  but  these  thin-walled,  mostly 

1     g  t  d       II    d         t         th        as  ginate   in   the   cambium   (since  this,  according 

t     th  t  m     y  b    nt  from  the  closed  bundles),  but  immediately 

f         th     p  b    m     f  tl      b     dl     (Fig.  95,  p.  114.  "^ar  S).     Sometimes  the  wood- 

p  h)         d         d  f    m  tl  h  of  Dicotyledons  (parenchyma  of  the  xylem) 

m  t       gl>    d      1  p  d       hi  ly   a   few   vessels   and   tracheides   are   formed : 

th  h     tl     k       p  f    m         ts  of  the  radish,  carrot,  beet,  and   dahlia,  and 

p  t  t    t  b  rs      Th       pp        t  p  th  of  these   organs  corresponds,  in  its  origin, 

tthwdt       dtld  t      ;  but  the  elements  of  the  jtylem  are  not,  or 

1)     I  ghtly   I      h  d     th  It     ontents  and  the  thin  soft  cell-walls  scarcely 

g       t         yl  m  th      pp  t      h  mologue  of  the  ordinary  wood,  although  there 

b  d     bt    b     t  th    h        I  gy 

Th     Phi     m  p     t    n     t  th     hb      vascular  bundles  shows,  when  fully  dev_-lopr<', 

1         II  t    m    t     th      jl  m  p    t       ;    the  sieve-tubes  correspond  to.  the  vessels, 

th     t         b    t      II     t      th      1  I     f     n   fibres,  the   bast-  or   phloem -parenchyma  to  the 

w  od  p  \y  W  h       th     ba^t  p  renchyma  consists  of  long,  narrow,  very  thin- 

11  d     II     t  h     b       t         db>  N  g  rC     47       f 

P         h  bf        t  d  tb  >b         JddtltmSj^ 

i  Ppt       ttht        btwhh  mtm  tlbt(  C        i     ) 

b  t  th  y    b     d     tly  d      1  p  d  (  tl      J      sal  tiki 

&    i      d  t     t    1     g  t  d  p  ose    h)      t        fi     bl     t     gh  h  II  Uy  w  th 

t      glyth   k      d    ■alls     I    D     t>l  d        th  y        g       all  g  d       b     dl      ft 

q       tlyf    m    gly        alt    nat    g      th  adt  b    t  th    g    p  bt  t 

p        lly        th     lat      p  rt  f  th     phi  h    h  f    m  d  f         th  b    m 

th  y  !  p  rat     fib         as  tl        t  m       d  t  b         t  th     pot  t         Th 

ddl    1        11       f  th    p    1 1        w  11     f  t        fib  g  lly  I  gn  fied  I         d 

(         t     t         11         d  y  II  w  by      d      )      h       th  y  I      ly         wd  d      b  t 

th  t  f     m         m      I  g  t        U  I  b  t  h    h  tl  Ifc   ( 

t  r^  t)ppe  bdld(^thlb  dtS  Gf 

d      p        lly       Crjpt  gm  Fg  9     i  p       4I    Th    tni    b    t  hb         fth    phi 

like  the  libriform  fibres  of  the  xylem,  may  become  partitioned  by  subsequent  septa 
(as  in  the  vine,  occidental  plane,  horse-chestnut,  Felargonium  rosium,  Tamaiiv  galhca, 
according  to  Sanio,  /.  c.  p.  in).  As  the  libriform  fibres  of  the  xylern  are  often  lound 
branched  after  isolation  by  maceration,  so  also  are  the  bast-fibres^. 

The  forms  of  cells  now  described  are  the  ordinary  and  essential  constituents  of  the 
fibro-vascular  bundles ;  various  other  forms  of  tissue  occur,  however,  occasionally,  as 


'  SaDio  applies  to  these  cells  the  term  'Ersatazellen,' 

'  It  may  not  be  superfluous  to  point  out  that  many  writers  very  inconveniently  also  designate 
certain  cell-foims  of  the  fundamental  tissue  as  bast,  when  they  are  thicJt-walled,  elongated,  pointed  at 
the  ends,  or  even  branched  In  that  case  the  libriform  fibres  of  the  xjlem  must  a.lso  be  called  bast; 
and  it  is  evident  that  the  term  would  then  hiie  no  e\act  scientific  mean  ng  The  term  bast-cells 
has,  till  recently  been  giien  to  hvpodermal  prosenchyraa  to  the  bundle-sheaths  of  Grasses, 
Aroidcic,  and  Palms  as  weU  as  tn  the  i,ells  which  we  have  in  Sett  14  called  trichoblasts,  even 
when  they  conta  n  latex  as  the  liticiterc  5  cell  of  LujhtrbvaLt-e  Tin  practice  is  greatly  to 
be  deprecated,  a  it  must  imj  ort  great  uncertainty  nto  a  correct  inlerpretalion  of  the  different 
forms  and  systems  of  tisaue 
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will  have  been  seen  from  Sect.  14;  and  this  happens  especially  in  the  phloem.  Thus 
lithocysts,  cells  containing  pigments,  receptacles  for  oil,  and  other  idioblasts  like  the 
rows  of  cells  in  Pbmeolus  which  contain  tannin ;  the  true  liticiferous  vessels  of  Cicho- 
riaceie,  Campanulacesc,  and  Lobeliacese,  belong  to  the  phloem,  while  those  of  Papa- 
yaces  and  Aroidese  belong  to  the  whole  fibro- vascular  bundle.  In  may  even  occur 
that  vessels  belonging  to  the  xylem  contain  latex,  as  in  Ipomita,  Argsmone,  Gompbacarfus, 
Eufhorhia,  Carica,  Lactuca,  and  in  Carapanulaceic  [David,  I.e.).  In  the  same  manner 
it  has  already  been  shown,  in  Sect.  14,  that  the  secret!  on -canals — i.e.  intercellular 
spaces  containing  oil,  resin,  or  gum^may  occur  either  in  the  phloem,  or  in  the 
xylem,  or  in  both. 


Se  r  17  The  Fundamental  Tissue — By  this  name  I  desgnite  the  tissue 
of  a  phnt  or  of  in  orj,aii  \h  ch  iill  rcmams  ifter  the  formation  iiid  development 
of  the  epidermal  tissue  and  the  f  bro  v  iscular  bundles  It  coniists  \er\  com 
monly  of  thin  willed  succulent  parenclnma  filled  with  assimilated  food  materials 
but  not  uafrequenth  it  is  th  ck  walled  sometimes  portions  as  ume  the  form  of 
Sitnngs  of  stronj,lv  1  gn  fied  prosenchjmatous  cells  The  most  \anous  forms  of 
c  lis  maj  arise  in  the  fundamental  tissue  as  in  the  epidermal  sjstem  and  the  &bro 
vascular  bundles  a  port  on  may  persist  m  a  condition  capable  of  division  whle 
th  suFTOundint  portion  pi  ses  over  into  permanent  t  "^sue  or  speuial  lasers  of 
thp  fundamental  tissue  long  after  t  has  been  transformed  into  permanent  tissue 
mi)  a^ain  become  subject  to  cell  division  and  a  generating  t  ssue  thus  be  pro 
duce  i  out  of  which  originate  not  onlj  new  fundamental  ti  sue  bit  also  fibro 
vascular  bundles  (eg     n   \loine-e) 

In  Thalioph}tes  and  many  Muse  nese  the  whole  mass  of  tssue  with  the 
exception  of  the  outermo  t  lajer  wh  ch  is  often  developed  as  ep  dern  al  tissue 
may  be  considered  as  fundamental  but  in  thesp  cases  in  conseqience  of  the 
absence  of  fibro  vascular  bundles  this  distinction  has  but  htde  practical  value 
In  Mosses  which  have  str  ng  like  cell  groups  in  the  stem  it  ma^  appear  doubtful 
whether  these  are  to  be  considered  as  pecuhar  forms  of  fundamental  tissue  or 
as  very  rudimentary  fibro  vascukr  bun  lies  In  \  ascular  plants  on  the  other  hand, 
the  independence  of  the  fundamental  t  Sbue  in  conlradi  tinction  to  the  epidermal 
system  and  fibro  vascular  bmdles  s  at  once  apparent  it  fills  up  the  inttrstices 
of  the  fibro  va  cular  bundles  within  the  space  enclo'-e  1  h)  the  ep  dermal  tissues 
Where  the  fibro  vascular  bundles  are  cksed  and  do  not  increase  m  thickness 
{as  in  man  J  Ferns)  t  is  frequentl)  the  one  which  occupies  the  greatest 
space  where  on  the  other  hand  closely  crowdei  fibro  vascular  bundles  produce 
large  masses  of  xjlem  and  phloen  bj  the  development  of  cambium  {as  in  the 
stems  and  rco's  of  C  n  fers  and  Dicotyledon)  the  fundamental  tissue  becomes 
le  s  mportanl  The  fibio  vascular  bun  iles  in  stems  are  usualh  so  arranged  as 
to  sepirile  tie  fundamental  tssue  into  an  mner  medullary  portion  the  Pilh  sur 
rounded  by  the  bundles  and  an  outer  cort  cal  layer  or  Cortex  enveloping  them 
Since  the  bundles  are  not  in  contact  lateralh  or  onlj  partallj  so  there  still  remain 
between  them  portions  of  the  fundamental  tissue  v^hich  connect  the  pth  with  the 
cortf?  and  which  are  termei  Meiulhn  Ra\s  If  the  fibio  vase  lar  bundles  of 
aa  or^an  form  a  s  1  I  aMal  cjhndcr  as  occu  s  m  some  stems  ind  in  ill  rDots 
the  fuahmemal  ti  sue  takes  tie  form  of  cortex  onlj 
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THE   FUNDAMENTAL   TISSUE. 

(  )    Th        h  1  f      J   d         pt 

t    d    t         t    1      d        t      F     d         t  ITs. 
t      as    ft  ^y  t  m     I    1 

1         1  hb         hc  1      t    d       gu  h  tl    n 

mpi  y  th     t         P  hym  th 

dtlpd  bttl  g  t 

t         p  hy  d    -v  th     t 

by      t         b  t       Tl  t  d   t      tly  p 

1  t      th  f    m       t       li     b  t      th  th  t     t     f  d  ff       t    y  t  t  t 

hfhhytthmt  11  f  Imtmp  m 

h  t  I       ly    my    des     pt  d  f  t    m         th    thos        t    N  g  1        It 

m  ght  b         pp      d   th  t   N  g  1       P     t       hy  y       y  "  th   my  f     d  t  1 

t  b  t   th  t    th        as        th     p     t       hym        t    N  g  1  h    m 

p    h  d  jth    g      h   h  1       11    f     d  m    t  1  t  p    t      hy 

b  t     11  p     t       hjm  tfd  tltss  Ngl         yf  pithth 

Id       II    th      p  )    m       t  d     II  t  wh    h        se  d    t  ly   fr  t 

(  ly  th      gl    th     m  d    m     f  d        m  n  t  m    b  t       t     f      ml       )  P    t 

hjm     (       P    t     )     -th        mb    m  th       th      h    d        d         rj  h    g      h    h 

1       tl)  d       tl         g     t      f  t    Ep      hym     (      Ep     )      W  h       N  j,  1    g 

th       d  fi    t  h    w  t    8     f  fib       as  ul      b     dies         it  t  II  g  bl    th  t 

h  th  as  1  d  d         )th    (,     h   h  d  t  b  1     g  t     th    fib  o-         I 

b     di  d  mm  m     (P     t     )       B  b         ss       t     g  fro 

d        pt  f  th  d  ff  t  f  pi    t  t  d  th 

f       b      g    g        Ij       t      p    m  th  n  t    b  tw         fib  sc  1  d 

fib  1       t       es   (Ep       h  d  P     t      hj       ]         d   f  d        g     11     th 

d  ft        t    t  1  ss  mp     t     t     th    p    t       hy  t  N  g  1  tl        t  Id  d 

g  t        y  f  te        ,  three  kmds  of  tissue  each  of  equal  \alue  with  his  epenchyma. 

Th    p         y  m      t  t  m  pp      d  t     th     fib      -a  (  p      h)m  I  th 

t     th       p  d  rm  1        d  f     d  (It  f       th      th  y  t  m       f  t  q     lly 

bdff       tt       f  tThtrmPt         ftdtghgf  tth 

p  y  m       t         m  ght   be     ppl    d        II     t      ly  t      th       p  d         1       d   fu  d  t  1 

tiss  b  t  I  f      b     g    g      t    p  th  t  a_t     I  th 

dff       tt       bt  pi         Idfd         tit  tlthtbt 

fib  1      b     dl         d  1     d  m    t  I  t  I-     m    U  th      t  f  II        th  t    p  d    m  I 

t  fib  1      b     dl  d  t     d         tit  pt  f    q    1      1 

h  hdth  t  f  fU  d  dy  tmyl 

1      I     th    hb  1     b     dl     th       mb  f  th        t         th      h  1 

fhjgpd  g  tgts.  ratseasthmb 

f  th      1  t        t     m        ss  i        >l  m    phi     m    &       th     f    m       p    d  1     rs     t  m  t 

p      kles    &        thphllg        blggtth       pd         lyt  tUm         d 

d  dly  g  t    g  t  fi     lly  th     f     d  tit  p     t  y 

prsf  dbit  g  tgtss  )      bseq       tly  p     d  h 

tmtthtmfi)  hhbgbtt  a. 

f  rm        w   fib        as     1      b     dl 
h        It       hpfthth         yt  ftss      myb      b         d 

tbdbybq       tfrmt  thtlgl  tFm 

;  m  th        th    fu  d  tit  g       rally  th     p         1    g 

ped      t     d  ff        t       11  t  rm         1     lat  d   fib        as     1       b     dl 
m    t  1  tiss      t       rs   th    p  t    1        d        d       b  t  d  th      gl  tl 

'  Beiliage  zur  wisscnschaftlichen  Botanik,  Heft  i,  p.  4. 

'  Since  the  publication  of  the  ist  edition  of  this  work,  the  classification  of  tissues  here  proposed 
s  been  generally  adopted,  especially  by  younger  botanists;  as  also  in  the  main,  with  some 
viations  in  particular  points,  by  Russow,  Unters.  tibevdie  LellbundelkryiJtogamen,  Petersbuig  1872. 
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J  g         ally         ou  ded  by      th  n       lied  p    e  chj  n  tous 

d      1     g  t  d      n      th  s  also  for  n    gheath  I  ke  en  elopes 

I        f  th    1  h    h  are  eonsp  euous  on    ts     nder  s  de 

b         h  1   th      finest   of  all     run   through   tl  e   so 

pit  t     th      fundamental     t  ssue    d  st  ngu  shed 

b)  conta  n  n(,  chlorophjll  Not 
unf  equently  a  ngle  cells  of 
tl  e  fundamental  t  sue  ot  the 
1  n  ssun  e    he  for  n  of   d  o 

blasts     e  g    the    la  ger     tellate 


cell 


support  d 
tissue 

by   hypod 


af 


d     fe 


Ph 
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1  wjth  the 
mental   t  ssue    ; 
Cryptogims      T 
fundamental  tis 
denlicuiata    (Fig 


fold  differentiation  of  the  funda- 
mental tissue ;  1  will  instance  only 
the  formation  of  the  so-called 
'stones'  of  Amygdalete.  The 
stone  is  the  inner  layer  of  ,the 
fundamental  tissue  of  the  same 
foliar  structure  of  which  the  outer 
layers  form  the  succulent  fiesh  of 
the  fruit ;  the  former  is  scleren- 
chymatous,  the  latter  parenchy- 
matous and  succulent,  both  being 
traversed  by  fibro-vascular  bun- 
dles. Equally  clear  is  the  struc- 
ture in  the  stems  of  Ferns,  among 
which  Tree-ferns  and  Puris 
aqmhna  are  of  specnl  interest, 
because  the  fundamental  tissue 
occurs  m  them  m  two  quite 
different  form's  Its  preponder- 
ating m-MS  consists,  e  g  in  Pteris 
aqmhna  (Fig.  91,  p,  io(i)  of  a 
thin -walled  colourless  mucila- 
ginous parenchyma,  and  con- 
taining starch  in  winter;  parallel 
to  the  fibro-vascular  bundles 
there  are  also  threads  or 
bands  of  prosenchymatousthick- 
*"'  walled     dark     brown      scleren- 

chjma  these  h^\e  ntthing  in 
fibro  vascular  bundles  but  are  onh  1  peculiar  form  of  the  funda 
proiench) matous  form  of  which  often  occurs  tiso  elsewhere  in 
;  tenJencj  to  a  prosenchjn  atoua  development  of  the  cells  of  the 
;  Is  il  (.  well  seen  in  the  sterna  of  LvccptdiacctC  In  Sehgmella 
Eoo     -1)    the   -wil   hbro  \  laLular   bu  idle    is    =uirjinli.ti   b)     j   verj 
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loose  pirenchjmi  with  large  intercellular  spaces ;  th 
mental  tissue  is  enieloped  by  a  thin-walled  tissue       th     t 
on  longitudinal  section  to  be  prosenchymatous ;  th        D 
and  penetrate  to  3  considerable  distance  between 
ference  they  become  gradually  narrower  and  mor    p      t  t 
nailed,  and  form  the  epidermal  system  which  gradually  pas  t    th     f     d  t  1 

tissue  In  L^cBpodium  Cbamscypar'usus  {S)  the  axial  cylinder,  which  consists  of  several 
fibro-\ascuIar  bundles,  is  surrounded  by  a  thick  layer  of  greatly  thickened  prosenchyma ; 
m  the  joung  stem  the  cells  are  similar  to  those  of  Sclagiuella ;  but  here  also  the 
prosench)  matoui  cells  of  the  fundamental  tissue  undergo  an  enormous  thickening.  This 
prosenchymatous  fundamental  tissue  is  in  its  turn  enveloped  by  a  layer  pf  tissue,  the  cells 
of  which  are  thin-walled  and  not  prosenchymatous ;  this  layer  is  a  descending  continua- 
tion of  the  fundamental  tissue  of  the  leaves,  which  envelopes  tlie  stem  everywhere, 
and  IS  itself  covered  by  a  clearly  developed  epidermis, 

|c)  The  Forms  of  Celts  and  Tissties  in  the  system  of  the  fundaments!  tissue  have  not 
>et  undergone  a  comparative  and  comprehensive  investigation  ^  like  those  of  the  fibro- 
vascular  bundles.  Out  of  the  very 
scattered  material  I  select  the  fol- 
lowing for  the  information  of  the 
student. 

Irrespectively  of  many  altogether 
special  phenomena,  it  is  chiefly  in 
connexion  with  the  true  epidermal 
tissue  on  the  one  hand  and  the  fibro- 
vascuiar  bundles  on  the  other  hand 
that  the  differentiation  of  the  funda- 
mental tissue  has  to  be  considered. 
Certain  forms  of  this  tissue  occur  as 
strengthenings,  or  at  least  as  accom- 
paniments of  the  epidermal   tissue, 

d  h  I      d    be       d        'b  d 

H  pode  h        m       es 


H  po      m  som  ed  w 

as  in  the  leaves  of  Ji adeicantta  and  BroraeliaceEE  ,  m  the  stems  and  petioles  of  Dicotyle- 
dons it  commonly  consists  of  collenchyma,  the  cells  of  which  are  extended  longitudinally, 
narrow,  and  thickened  in  the  angles  by  a  mass  capable  of  great  swelling;  or  the 
hypodermal  fundamental  tissue  is  developed  in  a  sclerenchymatous  manner,  as  in  the 
stem  oi  Pleris  aqai/ina;  or  it  occurs  in  the  form  of  thick-walled  but  flexible  fibres, 
forming  either  layers  and  bundles  as  in  the  stem  of  Equisetacese  and  leaves  of  Coniferie 
(Fig.  102),  or  in  long  isolated  fibres,  similar  to  true  bast-fibres,  e.g.  leaves  of  Gycadeie. 
In  all  these  cases  the  hypodermal  cells  are  extended  longitudinally;  but  when  layers 
capable  of  great  resistance  are  also  required,  the  cells  often  extend  in  a  direction 
vertical  to  the  surface  of  the  organ,  and,  increasing  greatly  in  thickness,  form  layers  of 

'  Since  the  publication  of  the  311!  edition  of  this  work,  a  close  investigation  of  the  fundamental 
issue  has  been  undertaken  by  Russow  (i,  s.);  he  has  however  occupied  himself  chiefly  with  the 
various  forms  of  the  bundle-sheaths  or  '  Ccitenchyma.' 
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closely  packed  prisms,  as  in  the  pericarp  of  Manika  and  Pihlaiia,  and  the  testa  of  the 
seeds  of  Papilionacex.  Isolated  cells  of  the  same  kind  are  sometimes  found  in  the 
hypoderma,  as  accompaniments  of  the  stomata  and  air-carities,  e.g.  in  leaves  of  Hakea. 

(ff)  The  BunMe-iheaths  consist,  in  many  Monocotyledons  {as  Palms,  Grasses, 
Aroideie,  &c.) ',  of  elongated  very  thick-walled  cells  belonging  to  the  fundamental  tissue 
which  is  in  close  contact  with  each  fibro-vascular  bundle,  either  as  a  continuous  sheath 
composed  of  several  layers  (Fig.  92,  p.  1 10),  or  only  as  a  partial  investment.  In  Ferns 
and  allied  Cryptogams,  on  the  other  hand,  a  single  layer  formed  of  peculiar  cells  encloses 
each  separate  bundle  as  a  cylinder  (Fig.  95,  p.  1 14) ;  and  the  same  is  the  case  in  a  few 
Phanerogams,  as  in  the  petiole  of  Menyantbes  trifoUata,  Hydrockh  Humboldti,  &c.  A 
layer  of  fundamental  tissue  of  similar  structure  envelopes,  as  we  have  already  seen  on 
p.  115,  the  axial  fibro-vascular  cylinder  of  all  roots  and  of  many  stems  (Lycopodlutn,  Hydril- 
lesE,  Hippuris),  and  in  most  stems  of  Phanerogams  with  isolated  vascular  bundles  (not 
forming  an  axial  cylinder)  separates  the  cortex  from  the  internal  tissue  which  encloses 
the  vascular  bundles  and  the  pith.  In  Dicotyledons  with  the  bundles  arranged  in  a  ring^ 
this  layer  (F"ig.  9J,  p.  iii)  surrounds  the  mass  of  tissue  enclosed  by  the  cortex  in  such  a 
manner  tbit  the  separate  fibro  viscuKr  bundles  are  only  in  contact  with  it  at  their 
ph  o  n   pt      on  h    ax      n  e  of  roots   ind  otems  1^  calltd  plerome  then 


this  layer,  which  separates  it  from  the  cortex,  may  conveniently  be  called  the  Phrome- 
sheatb.  In  the  rhizome  of  many  Monocotyledons,  as  Aroideje,  ZingiberaceK,  Irii, 
Veratrum,  it  may  be  seen  with  the  naked  eye.  The  unilamellar  plerome-  or  bundle- 
sheath  consists  of  ceils  which  usually  become  lignified  at  an  early  period,  and  strongly 
resist  solution  in  sulphuric  acid ;  the  radial  side-walls  and  the  upper  and  under  septa  are 
distinguished  by  a  peculiar  folding,  which,  in  transverse  section,  gives  the  appearance 
of  a  thickening  of  the  walls,  or  of  a  black  dot.  The  inner  walls  which  face  the  bundle, 
as  well  as  the  radial  side-walls,  often  become  greatly  thickened,  especially  in  Ferns, 
where  the  thickened  walls  frequently  assume  also  a  deep  brown-red  colour. 

(y)  The  Intermediate  Tissue  usually  consists  of  thin-walled  sncculent  parenchyma  with 
intercellular  spaces  which  are  absent  from  all  other  forms  of  tissue ;  in  the  stem,  how- 
ever, of  Lycopodiaces  and  of  some  other  Cryptc^ams  it  consists  of  prosenchynna,  and 
this  is  then  either  thin-walled  as  in  SelaginelleiE,  or  thick-walled  as  in   Lycopodiese, 


'  Caspary,  Jahrb.  fiir  wi 
'.— Pfitzer,  Jahrb.  fiir  wi 
jci.  Nal.  iS7i,  vol,  XVI, 


].  But,  Zeitg.  1865,  p,  176 
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When  it  IS  piiench\m\tous,  it  ma)  be  termed  siinpl\  Fundamental  Parenchjma  Two 
principal  forms  of  thii  miy  be  distinguished,  which  are  nevertheless  united  bj  transi- 
tional forms,  iia.  the  colourless  parenchjma  whith  oecuri  in  the  interior  ot  large 
succulent  stems  and  tubers,  and  in  all  roots  and  succulent  fruit";,  and  the  paienchvma 
containing  chlorophjll  uhiLh  forms  the  superficnl  liyers  beneath  the  epidermal  tissues 
of  stems  and  fruiti  In  fohage-lea\ e«,  when  thin  and  delicate,  it  fills  up  the  space 
between  the  upper  and  lower  epid-rmis ,  it  the)  are  \er>  thick,  as  in  yUae,  it 
forms  onl)  the  superficial  layers,  while  the  inner  mass  of  tiasue  coubists  ot  colourless 
parenchyma 

1  he  hvpodermal  hyers,  bundle  sheaths,  and  intern  ediate  tissue  are  the  ordrairy 
and  essentnl  constituents  ot  the  fundamental  system ,  but  m  addition  forms  of  cells 
and  ti'«ues  developed  m  a  peculiar  manner  OLcur,  and  much  more  frequently  than  in 
the  fibro-vascular  bundle=  Of  the  former  kind  are  the  majonty  of  the  cells  descnbed 
as  idioblasts  in  Sect.  14,  isolated  cells  containing  a  pigment,  tannin,  a  volatile  oil,  clusters 
of  crystals,  &c.,  or  large  utricular  vessels,  or  isolated  scleroblasts,  or  the  branched  ceDs 
comprised  under  the  term  trichoblasts,  such  as  spicutar  cells,  the  hairs  in  the  interior  of 
Nupbar,  in  the  root  of  Pilularia,  in  the  petiole  and  stem  of  Monsterinesc,  &c.,  or  finally, 
the  laticiferous  cells  of  EuphorbiacejE,  Morese,  Asclepiadeie,  and  Apocynaceas.  True 
laticiferous  vessels  are,  on  the  other  hand,  less  often  found  in  the  fundamental  tissue ; 
but  in  the  cortes  of  many  Liliaceje  they  are  replaced  by  utricular  vessels  (see 
Sect.  14),  Among  the  more  complicated  forms  of  tissue  which  occasionally  enter  into 
the  composition  of  the  fundamental  tissue  may  be  named  true  (compound)  glands,  or 
more  frequently  secret!  on -canals  containing  gum,  resin,  a  volatile  oil,  or  even  latex,  as 
in  Aliiyna  and  Rhus.  Of  very  common  occurrence  are,  moreover,  groups  or  layers  of 
scleroblasts  (especially  in  the  cortex  of  many  woody  plants  and  the  juicy  flesh  of  pears), 
and  layers,  bundles,  or  bands  of  brown-walled  sclerenchyma  (in  Pteris  aqailina  and  Tree- 
ferns).  Attention  has  already  been  called  to  the  sclerenchyma  of  which  the  stone  of 
stone-fruit  (drupes)  consists  as  a  form  of  fundamental  tissue ;  the  natural  contrast  to  this 
is  the  pulp  or  flesh  of  berries  and  of  many  stone-fruits. 

Sect,  i  8.  The  Seoondary  Increase  in  Thickness  of  Stems  and  Boots  ^  — 

During  ihe    period  when  the  younger  j  f  b        1  11 

increasing    in   length,    they    are    also   in  p;    h      h     p  j 

becoming  differentiated  into  other  tissu  h    ^  h     d 

parallel  to  the  axis  of  growth,  but  als  1  1       d        g        1   d 

At  an  early  period  roots  attain,  immediately  b  h    d   h  g  [  h  !     h 

they  retain  until  they  have  ceased  growing       I     g  1 

This   increase   in    diameter   of    stem         h    h  p  f 

short  time  outlasts,  the  growth  in  length         f    q        ly  d  m      !j  h 

tangential  extension  of  the  outer  layers     f  hlh        fhphd        n 

keep  pace  with  it.     The  pith  will  then    pi       nd    h  m  b      m     h  11  d 

tliis   is  often  carried  to  such  an  extent    h       h       ub  f    h       yl    d  If 

'  Nagcli,  Ueber  das  Wachsthum  des  Stimmes  u.  der  Wurzel,  in  Beitrage  lur  wiss.  Bot.  Leipzig 
1858,  Heft  I.— Sanio,  Bot.  Zeiig.  1865,  p.  165,  e(iij.— Millardet,  Sur  I'anatomie  et  le  developpement 
du  corps  ligneux  dans  lea  genres  Yucca  et  Dracaaa,  in  Mem.  de  la  Sociele  Imper.  ties  Sci.  Nat.  de 
Cherbourg,  vol.  XI,  1865. — On  abnormal  formations  of  wood  in  Dicotyledons  see  Criiger,  Bot. 
Zeitg.  1850  and  1851. — Nageli,  Dickenwachsthum  des  Stengels  u.  s  w.  bei  den  Sapindaceen.  Munich 
1864.— Eichler,  Ueber  Menispermaceen,  in  Dcnkschrift  der  k.  bayer.  bot,  Gesellschaft  zu  Regensburg, 
1864,  vol.  V. — Sanio,  Bot.  Zeitg.  1864,  p.  193  el  sej — Askenasy,  Botanische  morphologische 
Studien,  Dissertation.  Frankfort-a-M.  1871.— On  the  inciease  in  thickness  of  roots  see  Van  Tieghem, 
Rechetches  Sur  la  sym^trie,  &c.,  Ann.  des  Sci.  Nat.,  5th  ser.,  vol.  XIII, 
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becomes  I      V  d  p    d  I  f  Eq 

Grasses,  m     >    p  ^4/  d  >  pi  h       U    b  11  f 

Diy,sacus  T  &SphI  mh  dpi^  fi 

traversed  bj  fib  o-  1     b     dl  h  f       h  1    f 

In  g  C    p  d  M  d         !  d         ) 

part  ofh  m  1dm  hlhyhd  ddghgh 

ill  length  g  furh  hk  kpl\^h 

in  these  pi  1  flip  ^       1)  d        d  h  f 

seedlings    h  q  fh  m  Ih  fhmlh 

isenclos  dhhlfbd  d  hlk 

parts  ofhm  ggfhdl  d 

is  at  lenf,  h         h  d      h       h        ml  g    h      'U 1        I 

as  in  PalTi     Fh  dG  Ad  hmy  ry' 

consider  bl  1  >)g  Ibhdih 

any  pow  1         p       d  h  I      h  h 

roots,  whh  gfml  hkhhg  d 

on  it ;  ai  d      P  Id   p  f  h   k        h  f        d 

without  ay  1    y  Ik 

Verj    dff  p  hhhdh  fl 

siderable  d  hmd  fG)pniDjld  1 

arboresc         LI  A  orhlh  ldr)j 

Blender,  1         ly        f  11  h    k  ly         ra     b 

centimet  f  1  d  j  1  b  m     h 

thicker;     h         m     f  dl        C  ly  3  mm  d    m 

after  two        hmhhk  f  3  11  h  fhk 

the  incre       f  h  g      I    1     k  m  j  f  m 

Since  the  gi    h  1    h  h  Id  d    1  h 

lowenno  f    h  h  d  h  dm 

decreasin  dihmfh  1  dhld 

conical  smfp  Ihmh  fhm  pi  dg 

on  its  ba         hi         R  }  1  d  d  C  ) p  h  d 

as  is  well  hi  1     b    g  A      d  ID         Id  i  G  p  rm 

every  pa       fhm  Idlyb  gh  Ipd 

in  Mono      yl  i  d  C  yp  h  par  h      h    k 

ness  whhhdqd  1  f  gh         Ighl 

in  thickn  f  m      k      pi  h       p  d  f  1  h     f 

the  bud. 

Thi  h    h   h  ly    f  1  f   1  h     f 

length  of    h  d      h    h    h  Ilj  1         d  If 

may  bemd  d  h  gfm  hhdl 

secondary  b    k  I  1  h  f  f 

remainin  1  pblfd  (mm)d  idg 
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n      laje         n    n       Uj  one  on  anohe       Ttie  mode  in  which  the  merisiem  itself 
f    m  d  and  1    h    he  d    j  1  }  f  tissue  are  produced  from  it,  differs 

g       ly  d  1  f    h     pi  n       The  numerous  special  modes  of 

n  nhkn        nj  Ifilnd       hree  types,  m'z.  :^ 

Tpfh^b  Lilse      The  innermost  primary  cortical  layer 

produces  a  menstem,  m  which  new  closed  fibro-vascular  bundles  continue  to  arise, 
which  anastomose  into  a  network,  while  the  tissue  between  the  bundles  developes  as 
secondary  fundamental  tissue. 

2.  Type  of  normal  Gymnosperms  and  Dicotyledons,  Tlie  vascular  bundles  of 
the  stem  are  open  and  arranged  in  a  ring ;  the  generating  tissue  which  lies  between 
the  phloem  and  the  xylem  of  each  bundle  is  also  continued  through  the  medullary 
rays,  t.  e.  those  parts  of  the  fundamental  tissue  which  lie  between  any  two  adjoining 
bundles.  Thus  arises  a  continuous  ring  of  meristem,  which,  according  to  the  old 
use  of  terms,  and  to  distinguish  it  from  the  ring  of  meristem  in  the  preceding  type, 
is  commonly  called  the  Cambium-ying.  While  in  the  preceding  type  new  vascular 
bundles  arise  only  in  the  ring  of  meristem,  the  merisiem-  or  cambium-ring  in 
this  type  crosses  the  primary  vascular  bundles,  which  have  their  phloem  lying 
on  the  outer  side,  their  xylem  on  the  inner  side  of  the  cambium.  The  increase 
in  thickness  consists  in  new  secondary  xylem  being  continually  formed  out  of  the 
cambium-ring  on  its  inner  side,  new  phloem  or  secondary  cortex  on  its  outer 
side. 

3.  The  type  of  Roots  (of  Gymnosperms  and  Dicotyledons).  In  the  axial  fibro- 
vascular  cylinder  or  plerome-bundle  there  lie,  as  has  been  mentioned,  alternate 
groups  of  vessels  (xylem)  and  phloem-bundles  side  by  side;  on  the  inner  side  of 
each  of  the  latter  arises  a  cambium-layer,  which  produces  secondary  xylem  on  its 
inner  side,  phloSm  on  its  outer  side ;  on  the  outer  side  of  the  primary  groups  of 
xylem  meristem  is  also  formed,  which  either  produces  only  secondary  funda- 
mental tissue,  or  combines  with  the  cambium- layers  already  mentioned  into  a 
complete  cambium-ring,  out  of  which  xylem  is  again  formed  on  the  inside,  phloem 
on  the  outside. 

Further  details  may  now  be  given  regarding  each  of  these  three  types,  with 
an  example ;  the  nomenclature  of  the  more  important  deviations,  especially  for  the 
second  type,  will  be  deferred  till  the  end  of  this  section. 

(i)  The  Type  of  Arborescent  Liliacem  is  represented  in  the  gensrs.  Drairatia,  Aleiris 
(Calodracon),  Yucca,  Aloe,  LomaiophyUum,  and  Beaucarnea^  Specimens  of  the  old 
stems  of  these  plants  are  often  found  in  botamcil  collections  so  decayed  that  within 
the  thin  layer  of  periderm  the  whole  of  the  parenchimatous  fundamental  tissue  has 
completely  disappeared,  while  the  fibro  \a'-cular  bundles  are  preserved  entire.  If 
one  of  these  stems  is  split  lengthwise,  it  is  seen  that  completely  isolated  bundles 
run  down  the  middle  as  is  the  case  m  all  Monocotjledons  l,ach  bundle  begins 
below  at  the  peripherj  of  the  stem ,  higher  up,  it  bends  towards  the  centre  of 
the  stem,  and  then  at.ain  outwards,  iinall}  entering  i  leaf  it  its  upper  end.     The 


^  A  fourth  type  may  be  furnished  by  the  mode  of  the  increase  in  thickness  in  the  prit 
LycopodiaoCiB  (vidi  supra) ;  but  scarcely  anything  certMD  is  at  present  known  about  it. 
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course  of  these  bundles  necessitates  that  they  must  cross  one  another,  and  form 
a  loose  mass  consisting  of  slender  isolated  strings,  surrounded  by  a  more  or  less 
thick  layer  of  denser  woody  substance.  This  woody  substance  forms  a  cylinder 
which,  in  decayed  stems,  is  altogether  separated  from  the  layer  of  periderm,  and 
loosely  enveloped  by  it.  The  isolated  strings  in  the  interior  are  the  primary 
vascular  bundles  which  have  been  formed  during  the  growth  in  length  (properly  only 
their  lower  ends  or  Leaf-iraca,  since  the  upper  ends  bend  outwards  into  the 
leaves).  The  woody  cylinder  which  envelopes  them  all  consists,  on  the  contrary,  of 
"iecoiidar)  fibro  vabcular  bundles  formed  by 
the  mcrease  in  thickness  which  are  closely 
crowded  and  anastomose  cop  oush  with 
one  another  both  m  the  tangentiil  and 
radial  directions  ani  thus  lorm  iccord- 
mg  to  circumstances  a  more  or  less  com 
pact  or  spongy  mass  the  true  nature  of 
whieh  it  IS  easy  to  recognise  in  4.!ae 
and  Beiucarn  a  The  course  of  develop- 
ment of  these  stems  is  as  fellows  The 
isolated  fibro  visculir  bundles  (which  in 
old  spec  mens  are  found  in  the  interior) 
e  fo  med  m  the  pnman  menstcm  of  the 
ape  of  he  stem  while  the  whole  remaming 
ue  between  them  passes  over  into  pri 
n  y  fundamental  tissue;  but  after  con- 
de  able  time  (in  Aktris fragrans  it  takes 
pi  ee  al  out  4  or  5  cm,,  in  Draasna  reflexa 
a  mu  h  IS  ij  to  20  cm  btlow  the  ipex 
of  1  e  cm)  a  fresh  formation  of  (second- 
a  })  n  e  istcm  begins  in  one  of  the  cell- 
lajers  of  the  fundamental  tissue  which 
immedialeh  surround  the  outermost  fibro 
vascular  bundles  The  permanent  cells 
concerned  in  it  di\  ide  repeated!)  b>  tangen 
tial  and  subsequently  sometimes  by  radial 
™'iB™™^'i^rt  '''sllSj  and  there  arises  (seen  in  trinsterse 
iis!„=  H  .^ngcd  section)  a  nng  of  menstem  (Tig  104  i) 
the  cells  of  which  are  arranged  in  radial 
rows.  In  this  meristem  new  fibro-\ascular  bundles  ire  pioduced  one  two  or  more 
adjoining  cells  (on  the  transverse  section)  dividing  repeittdl}  bj  long  tudina!  walls 
in  various  positions.  Out  of  the  pro  cambium  bundles  which  irise  in  th(«  manner 
the  fibro- vascular  bundles  proceed  immediatelv  the  procambium  cells  being  trans 
formed  into  fibro-vascular  tissue'     the  intermediate  racriatem  passes  o\er  likewise 


It  appears,  however,  that  the  thii.k  walled  ligmfied  celU  on  Ihe  outs  de  of  5  ch  a  bundle 
>t  belong  to  it,  but  to  the  secondarj  fundamental  tissue  and  therefore  represent  nnlj  a 
nchymatous  bimillc-sheath,  while  the  bundles  envelope!  bj  them  aic  ihcm  ehes  \C£}    lender 


vGooqIc 


SECONDARY  INCREASE  IN  THICKNESS  OF  STEMS  AND  ROOTS. 


139 


into  permanent  tissue,  and  indeed  into  thick-waJled  pareDchyma,  which  now  forms 
the  secondary  fundamental  tissue  between  the  secondary  fibro -vascular  bundles. 
Since  the  cells  of  the  thickening-ring  which  face  inwards  pass  over  in  centrifugal 
succession  into  permanent  tissue,  while  the  outermost  divide  repeatedly,  the  whole 
ring  continually  moves  centrifugally  as  it  increases  in  diameter,  and  leaves  behind 
new  bundles  and  parenchymatous  cells.  In  Fuc^a  Millardet  found  the  origin  of 
the  ring  of  meristem  (thickening- ring)  as  little  as  3  mm.  below  the  apex  of  the 
stem;  in  Calodracon  {Cordyltng)  Jacquini,  the  meristem-ring  is  deri\'ed  immediately, 
according  to  Nageli,  from  the  primary  meristem  of  the  apex  of  the  stem,  this  layer 
remaining   in  a   condition   capable   of 

division  while  the  primary  vascular  bun-  B  A 

dies  and  fundamental  tissue  are  being 
differentiated  out  of  the  primary  meri- 

(3)  The  Type  "/normal  Gymnosperms 
and  Dicoiykdons  may  be  made  clear  by 
3  reference  to  Fig.  105,  which — with 
the  exceptions  of  a  few  points  of  sub- 
ordinate importance,  such  as  (he  substi- 
tution of  six  fibro-vascular  bundles  for 
eight — represents  in  a  simple  diagram- 
matic manner  the  phenomena  connected 
with  the  growth  in  thickness  of  the 
hypocotyledonary  portion  of  the  stem 
(tigellum)  of  Ricinus  communis.  We 
may  commence  with  the  period  when,  in 
the  seedling  stem,  the  fibro- vascular  bun- 
dles— which  are  prolongations  down- 
wards of  those  bundles  which  bend  out- 
wards above  into  the  first  leaves  or 
cotyledons— have  become  clearly  differ- 
entiated. They  lie,  when  seen  in  trans- 
verse section  (Fig.  165  A),  in  a  ring,  and 
run  parallel  to  one  another  and  to  the 
surface  of  the  stem.  The  ring  of  fibro- 
vascular  bundles  divides  the  primary  ''''^''''■^£'SMlI!^'K'orlSI^™^My'ftdl^^f«S^^ 
fundamental  tissue  into  pith  {M)  and 

cortex  (R),  which,  however,  still  retain  their  connection  by  broad  bands  of  funda- 
mental tissue  lying  between  the  bundles,  the  Medullary  Rays.  Each  of  the  bundles 
consists  of  an  outer  phloem-portion  {p)  and  an  inner  xylem-portion  {x),  between 
which  lies  a  layer  of  cambium.  The  next  change  consists  in  the  bands  of  cam- 
bium belonging  to  the  bundles  uniting  into  a  continuous  ring  (Fig.  log,  S), 
meristem  being  formed  between  each  pair  of  adjacent  bundles  by  divisions  in 
the  corresponding  layer  of  the  medullary  rays,  as  is  more  exactly  shown  in  Fig.  93 
(p.  1 1  a),  which  relates  to  this  stage  of  development.  Although  there  is  no  essential 
difference  between  this  portion  of  the  cambium-ring  and  that  which  lies  in  the 
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bundles  themselves,  they  may  conveniently  be  distinguished,  the  latter  as  Fascicular 
Camhium  (B,fc),  the  former  as  Interfascicular  Cambium  {B,  ic).  It  may  further 
be  mentioned  that  three  small  groups  of  bast-fibres  ^  5  ^  lie  in  the  phloSm -portion 
of  each  bundle. 

The  activity  of  the  whole  continuous  cambium-ring  now  commences.  The 
ring  consists  of  rows  of  cells  arranged  radially;  in  each  of  these  rows  the  cells  which 
lie  on  the  inner  side  are  the  origin  of  the  secondary  xylem,  those  which  lie  on  the 
outer  side  of  the  secondary  phloSm ;  while  a  middle  layer  of  the  cambial  cells  always 
rema  ns  capable  of  d  visi  n  and  thus  mamtams  the  contmued  formation  of  secondarj 
xjlem  and  phloem  In  this  manner  the  seedhng  stem  mcreises  considcribh  m 
the  CO  cse  of  a  few  weel  s  both  m  diameter  and  rigidit;  m  constquence  of  tl  e 
formal  on  of  a  cjlmder  of  secondarj  wood  (sylen )  surrounded  by  a  k\cr  of 
"lecondary  ccrtej,.  (phloem)  understanding  h\  the  latter  term  all  tl  e  layers  of  phloem 
developed  out  of  the  cambium  ring  Fg  105  C  is  the  transverse  section  of  the 
tij,ellum  of  the  seedhng  phnt  which  has  already  increased  considerably  m  th  cL 
ness  bj  the  depos  t  on  of  secondary  phlodni  the  primary  phloem  (Ji)  has  bee  1 
compelled  to  gro  1  tangentiall)  ts  cells  as  i^ell  as  those  of  the  ep  lermit. 
sfri-tch  in  that  d  rection  and  become  divided  bj  ra  1  al  longitud  nal  walls  At 
ths  tme  It  IS  stil  possble  to  refer  back  the  \  annus  parts  of  the  seconiarj 
tissue  to  their  origin  the  orij,ina!  xjlem  portions  f  the  bundles  (ji)  \  hich 
weie  developed  before  the  increase  in  th  ckncs'-  can  still  be  recognised  they 
appear  a  projections  of  the  woody  substance  u  to  the  pitl  and  are  coIleLtively 
compri  ed  under  the  term  Medulhr}  Sheilh  x  x  x  It  is  somewhat  more  difticult 
to  make  out  the  orig  nal  phloem  port  ons  of  the  bundles  but  we  are  ass  ste  1  bj  the 
po'iitioi  cf  tie  groups  of  rue  bast  fibres  b  b  b  already  mentioned  tl  e\  still  remain 
unchanged  but  are  pushed  m  ich  furtl  er  asunder  because  the  nlermed  ate  soft  bast 
has  extended  in  the  tangent  al  direction  m  consequence  of  the  p  essure  of  the 
secondary  t  ssue  from  within  The  radial  diameter  of  each  phloem  ].ortion  p 
has  also  mcreased  seondary  lasers  formed  ut  f  the  fisccular  cambium  havng 
been  added  to  the  primary  phloem  from  withn  The  prmarj  xUemporton  j, 
of  ead  bundle  is  separated  from  its  phloem  portion  /  b^  a  th  ck  hjer  of 
secondarj  xjlem  Jh  whicl  las  been  developed  from  the  fasc  cular  cambiun 
These  port  ons  mav  be  distingu  shed  as  F>  acu/tr  \j.Iem  from  the  Inkrfas  icuJar 
Xyhm  (Fig  105  C  iff)  formed  out  of  the  interfascicular  cambium  a  layer  ot  Inter 
fasci  uhr  Phi  em  ifp  on  the  outside  corresponds  to  each  of  these  latter  The  e  itire 
mass  of  secondary  t^lem  cons  sts  theref  ce  of  fascicular  ani  nterfascicular  x^lem 
the  en  re  mas  of  secondary  phlofem  s  milarlj  of  fascicular  and  interfascicuhr 
portions  The  primary  xilem  is  wanting  on  the  nner  or  medullary  s  de  of  the 
mterfascLcular  xylem    the  primary  phkem  m  the  interfasc  cular  phbem 

With  reference  to  the  elementary  constituents  of  the  secondarj  or  tf  ckening 
tissues  It  IS  first  to  be  noted  that  in  this  respect  the  fascicular  and  mterfasc  cular 
formations  are  alike  The  whole  miss  of  seconlary  xjlem  \  ith  the  exception 
of  the  m'-dulhrj  rays  or  siher  ^rain  consisfi  m  Coi  ifers  of  trachcides  w  th  bor 
dered  I  t3(Fig  23  p  5)  inDicotyledons  of  wood  prosenchjma  wood  parenehjma, 
anl  pitted  vessels  formed  from  short  cells  In  the  secondary  xjlem  no  annular 
sp  ral  or  reticulated  \  essels  are  formed     these  arise  onli  11  the  or  g  nal  \  lem  p<.  rtions 
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fhbdl           d          hf           bq        lyf      doly  hmdllyhl(n 

Gym      pn      1)         d             h        w       fmdd  ghg       hnlgh 

hy             nibllghh              djlm  T              ndpllm 

fphlphin               tib            dm  f            bfib 


h  fh  dyillm  ah  fhimjl  Iphl 

Igdhd  fh  fghBIm  1  h 

h   k        g  pi      dh  11)   (  h       gl  h  fg    wh)      d 

d    11>  f     b  h    1         d  mp      d      I    F  5    C  (p       9)    i 

d    y    yl  m      d  phi     m  p  d  d  111  by  1    k 

1  mfwhhp        1       ghUh  dyly  hi       h       bg         ly 

in  the  secondary  xylem  and  end  in  the  secondary  phloifm ;  the  former  are  first  formed, 
the  latter  subsequently,  and  constantly  in  increasing  numbers.  Each  of  these  dark 
lines  in  the  figure  represents  a  ray  of  parenchymatous  cells  placed  horizontally;  each 
of  the  rays  runs,  as  will  be  seen,  uninterruptedly  from  the  xylem  through  the  cambium 
into  the  secondary  phloem ;  as  long  as  it  runs  through  the  xylem  it  is  called  a 
Xylem-ray'^ ;  its  continuation  into  the  secondary  cortex  is  a  Phloem-ray.  These  rays 
split  up,  as  it  were,  the  secondary  t  b    1     g      1      1      d     d    I  d 

'sections  which  have  a  wedge-shaped  frmh  thghh  lydhh 

increase  in  number  as  the  cambium       g  E    h      p  yd 

not,  however,  by  any  means  extend   hghh       hllgh(      hd  f 

growth)  of  the  secondary  tissue ;  I      h  ')        '  d      bl     h      1 

If  a  thick  stem  is  split  longitudinallj     h       >     1  1       EP  m     y    i 

woods,  of  glistening   bands   (the  g         )  P  ^^y 

woody  tissue  in  a  radial  direction ;  S         '  h  )  1  b      pp 

of  wedges  driven  into  the  mass  ofh  dFh  hp  db  d 

below  (/,  e.  in  the  direction  of  th  f  g        h)     h       b  llj     1     1       d 

in  the  middle  (in  reference  to  its  h      h )        d      m     m  mp      d     f  b 

of  layers  of  cells,  as  is  shown  inF         jp^Th  dip  fh 

rays  causes  the  elements  of  the  s         i  )1  m      d  phi    m     h    h  1     ga    d 

longitudinally  to  be  more  or  less  d  ii  di  If  th        y     w 

imagined  to  be  altogether  removed    h  h    k        g  w     1 1  h  f 

bundles  penetrated  by   empty  me  !  d  m       g        g         Uy     bo  d 

below  them,     A  very  good  idea  of  h  b       b         d  by        m  a 

piece    of  ordinary  lime-bast,  orsm  h  hbl  bhl  f 

medullary  rays  have  decayed. 

Just  as  the  elements  of  the  secondary  xylem  and  phloem  which  are  elongated 


'  The  terni  Medullary  Ray  bliouM  be  avoided  in  reference  to  these  ;  since  most  of  the  rays  are 
neither  connected  with  the  pith,  nor  have  any  of  its  properties.  [It  is  difficult  however  to  substitute 
any  other  expression,  although  the  term  is  used  in  a  somewhat  conventional  sense.  It  is  convenient 
to  distinguish  as  Primary  Medullary  Rays  those  which  are  connected  with  the  pith,  and  as  Secondary 
Medullary  Ra.ys  those  which  only  commence  in  the  secondary  xylem.] 
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longitudinally  arc  formed  out  of  longitudinally  elongated  cambial  cells,  so  the  rays 
are  formed  out  of  cambial  cells  lying  in  rows  and  elongated  in  (he  radial  direction. 
In  the  xykm  the  cells  of  the  raj's  are  usually  lignificd.  and  sometimes  have  very 
hard  walls,  as  in  the  copper-beech,  where  they  alone  remain  after  the  decay  of  the 
wood,  and  then  have  completely  the  appearance  of  constituents  of  the  wood.  At 
other  times  they  continue  thin-walled,  unlignified,  and  different  from  the  true 
woody  tissue.  The  phloSm-rays  are  usually  thin-walled,  parenchymatous,  and  at 
their  outer  end,  where  they  pass  through  the  primary  phloem,  they  are  frequendy 
compelled,  by  the  increase  in  size  of  the  stem,  to  extend  tangenlially,  when  they 
become  divided  by  radial  longitudinal  walls  ;  tlie  phloem -bundles  which  lie  between 
them  becoming  thus  pushed  further  and  further  apart  (Fig.  105,  C). 

11  hm  Ipl  bpkfnf  11 

fh  hk  h         mfGmp  dDjldnB 

hfm  f  d  }lm  phi  fmh  brahh         1 

p  fdljh  idfg!  p  1 

pi  1       gl         1  hi  hi  d      d    h  d       ph 

thr  Ij  glkbh  him 

g  n      lly      n  d  g  h       h       f  h    phi     m      A  1  1        p       d 


qu     I>    1       f  h  d       phi         wh   h  h      d  J     p      d  mul      g         1 

f  h     p  k    &      f    m    h     !     k         f  11  off  p       d     11)  n    h 

pi  Th       1    1       f  h    p   m  (jhl        )        h  pi      d  by  b    k  h 

p  fl  hlmdUjhhh         m  h  Ijf 

m  f  d  Ihh  Igdh  bmb  f 

h  d        phi  1)    1  >  1  >  I  1         h 

outer  lajers  unitmg  sooner  or  later,  m  the  production  of  bark. 

In  tropical  woody  plants  when  several  years  old,  the  additions  to  the  wood 
formed  in  each  successive  year  are  not  generally  distinguishable  on  a  transverse 
or  longitudinal  section ;  the  entire  mass  of  the  wood  is  homogeneous.  In  woody 
plants,  on  the  contrary,  that  grow  in  a  climate  in  which  the  periods  of  growth 
are  interrupted  by  a  cold  or  wet  season,  as  is  the  case  with  us,  the  annual  additions 
to  the  wood  may  be  recognised  as  sharply  separated  concentric  layers,  known  as 
Ammal  Sings.  Their  sharp  separation  from  one  another  is  caused  by  the  Vernal 
Wood  being  of  a  looser  texture  than  the  Autumnal  Wood.  Every  annual  ring 
consists,  therefore,  on  the  inside  of  looser,  on  the  outside  of  denser  wood  which 
pass  into  one  another  insensibly  without  any  sharp  line  of  demarcation;  while, 
on  the  contrary,  the  dense  autumnal  wood  of  the  preceding  ring  is  very  sharply 
separated  from  tlie  looser  vernal  wood  of  the  succeeding  ring.  In  Conifer^e  the 
distinction  between  the  looser  vernal  and  the  denser  autumnal  wood  consists  only 
in  the  tracheides  of  the  former  having  larger  transverse  diameters,  while  in  the 
later  wood,  and  especially  that  formed  at  the  end  of  the  period  of  growth,  they 
are  narrower.  The  same  mass  of  vernal  wood  includes  therefore  a  larger  amount 
of  cell-cavity,  and    is  consequently  looser,  than    the  autumnal  wood.     The  walls 
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of  the  later-formed  wood-cells  being  thicker  tends  to  the  same  result.  In  Dico- 
tyledons, in  addition  to  this  difference,  the  vernal  wood  contains  a  larger  number 
of  large  pitted  vessels  than  that  formed  in  the  autumn,  where,  indeed,  they  may  be 
altogether  wanting. 

The  cause  of  the  formation  of  annual  rings  lies,  as  I  was  the  first  to  suggest, 
and  as  has  been  proved  experimentally  by  de  Vries,  in  the  pressure,  changing  with 
the  time  of  year,  which  the  cortex,  and  especially  the  bark,  exercises  on  the 
cambium  and  the  young  wood.  This  will  be  shown  more  in  detail  in  Book  Tit. 
Sect.  16. 

In  most  woods,  but  not  all,  whether  the  annual  rings  are  conspicuous  or  not, 
there  is  a  distinction,  when  the  stem  has  attained  a  sufficient  thickness,  between  the 
so-called  Duramen  and  Albtmium.  The  Duramen  consists  of  the  older  and  inner 
layers  of  wood,  and  is  of  a  dark-brown,  yellow,  red,  or  even  black  colour,  and  of  a 
firmer  harder  texture ;  the  Alburnum^  consisting  of  the  last  annual  additions,  forms 
a  light-coloured  or  white,  softer  and  more  spongy  tissue  round  this  nucleus.  The 
inner  layers  of  alburnum  are  gradually  transformed  into  duramen,  the  canrxbium 
depositing  new  layers  of  wood  on  the  outside,  and  the  cell-walls  assuming  a  darker 
colour,  from  saturation  with  resin,  colouring  substances,  &c.  The  distinction 
between  alburnum  and  duramen  is  very  clear  and  well-marked  in  the  oak,  walnut, 
cherry,  elm,  '  acacia '  {Robinia  Pseud-Acaaia),  lignum-vitte  (Gumacum  officinale),  log- 
wood {Htsmatoxyhn  campechianum),  brazil-wood  (Cmsalpinia  echinatd),  &c.  On  the 
other  hand  no  duramen  is  found  in  the  silver  fir,  Scotch  fir,  lime,  or  Paulownia 
imperialis,  &c. 

(3)  TAe  Secondary' Increase  in  Thickness  of  Roots  in  Gymnosperms  and  Dicoty- 
ledons diff"ers  from  that  which  takes  place  in  the  stem  only  in  the  first  production  of 
the  cambium-ring ;  and  this  difference  consists  merely  in  the  fact  that  in  roots 
the  phloem  does  not  lie  outside  the  xylem-bundles  (in  the  radial  direction),  but  is 
disposed  alternately  with  it  on  the  periphery  of  the  axial  fibro-vascular  cylinder. 
When  the  cambium  is  once  formed,  it  behaves  in  precisely  the  same  manner  as 
it  does  in  the  stem. 

We  may  first  investigate  the  process  in  a  root  which  is  from  the  first  moder- 
ately thick,  and  has  a  true  piih  enclosed  within  its  axial  fibro-vascular  cylinder 
or  plerome,  as  in  many  primary  roots,  a    I  I  pp       h    k      p 

Fig.    106  represents  a  transverse  section  tl  I     h      pj       p  f  f 

scarlet-runner  {Phaseolus  mulHflorm)  at  the  t  h       h  b    m  h      b        f         d 

and  has  commenced  its  work ;  s  is  the  pier  b     dl      h     h  b  I     g  h 

fundamental  tissue,  which  immediately  enclo         h    p  b  ml} 

of  the  plerome  pc.    Within  this  may  be  ob         d   b     f       p  j     yl       I      11 

consisting  of  vessels  of  which  the  oldest  and    m    ]       ^  I  h  d       I  I 

younger  and  larger  ^^  are  next  to  the  j.    h     /      I      h  lb  h 

pair   of   xylem-bundles    lies   a    broad   phlc  m        dl     i     ^  !  b      fi 

The  parts  now  described  have  been  forn    d  d       g    h     g        i  h 

has  however,  at  the  time  when  the  sectio  k  d  f       h  f 

days  in  this  part  of  the  root  and  increase         h    k  h         k  pi  Th 

cells  lying  on  the  inner  side  of  each  phi  dl     fi       d    d       p       dlj    by 

tangential  longitudinal  walls ;   a  layer  of  c  mb        ( )        h      f        d  behmd       h 
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pWoem-bundlc,  consisting  of  radial  rows  of  cells.  Some  of  the  innermost  carabial 
cells  g'g'  have  already  enlarged  considerably,  to  form  the  first  vessels  of  the  secondary 
xylem;  these  are  arranged,  in  Phaseolus,  in  an  annular  zone  continuous  with  the 
inner  youngest  vessels  of  the  primary  xylem-bundles,  a  structure  which  is  seen 
nowhere  else.  Between  and  in  front  of  these  vessels  other  cambia!  cells  develope 
into  prosenchymatous  and  parenchymatous  wood-cells.  Since  therefore  the  cam- 
bium-layer behind  each  phloem-bundle  is  continually  producing  vessels,  wood-paren- 
chyma, and  wood-prosenchyma  on  its  inner  side,  a  four-rayed  cross  of  woody  tissue 
is  formed,  as  is  shown  in  Fig.  107  (less  strongly  magnified}.  The  four  arms  of  this 
cross  correspond  in  their  position- — as  will  be  seen  from  what  has  been  said,  and 
from  a  comparison  with  Fig.  106 — to  the  four  primary  phloem -bundles  b.  b,  b,  b. 


On  the  outer  side  of  each  cambium-layer,  but  within  the  primary  phloSm,  a  zone  of 
new  true  bast-fibres  (Fig.  107  b')  has  already  been  formed  in  the  secondary  phloem. 
Between  the  fouf  arms  of  the  secondary  xylem  and  secondary  phloSm  belonging 
to  it,  lie  four  broad  rays  of  tissue,  consisting  of  large  parenchymatous  cells  elongated 
in  the  horizontal  and  radial  directions.  These  four  bands  lie  on  the  same  radii  as 
the  four  primary  xylem-bundles  (Fig.  106,  p);  in  front  of  each  of  these  latter  a 
meristem-las'er  has  been  formed,  which  however  has  not  produced  xylem  and 
phloem  like  the  cambium  behind  the  phloem-bundles,  but  only  radiate  parenchyma 
to  the  extent  required  by  the  growth  of  the  adjacent  masses  of  secondary  xylem 
and  phlogm.  Fig.  107  further  shows  the  dssue  which  surrounds  the  primary  and 
secondary  phloem  in  the  act  of  division ;  radial  rows  of  cells  have  been  produced 
here  also,  and  form  a  layer  of  cork  or  periderm  k  on  the  outside  of  the  cortex. 
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Precisely  similar  to  the  growth  in  thickness  in  Phaseolus  is  that  of  the  rprimary 
roots  containing  pith  of  seedlings  oi'Cumrbila  Pepo,  Convolvulus  tricolor,  Cerms, 
Clusia,  &c. ;  only  that  in  these  cases  the  secondary  xylem  does  not  coalesce  with 
the  primary  xylem,  but  remains  quite  distinct,  so  that  the  alternation  of  the  primary 
and  secondary  elements  of  the  xylem  is  at  once  evident'.  In  slender  roots  which 
have  no  pith,  and  where  the  primary  sylem-bundles  meet  in  the  centre,  cambium 
is  also  formed  on  the  inner  side  of  the  primary  phloem,  and  the  secondary  fibro- 
vascular  masses  form,  therefore,  in  this  case  also  two,  three,  or  more  groups, 
which  originate  in  the  intervals  between  the  primary  xyl em-bundles,  as  is  very 
clearly  seen  in  Tropmolum,  but  project  much  further  outwardly.  When  there  are  two 
of  these  primary  xylem -bun  dies,  as  in  Bda,  Trofiaolum,  Taxus,  and  UmbelliferEe, 
they  form  a  vascular  band  dividing  the  axial  cylinder  in  half;  when  three  or  more, 
as  in  Pisum,  a  three-  or  four-rayed  star. 

In  the  cases  hitherto  considered,  the  secondary  fibro-vascular  tissues  (consisting 
of  xylem  and  the  phloSm  belonging  to  it)  remain  separated  mto  two  three  four, 
or  more  masses,  nothing  but  parenchymatous  fun- 
damental tissue  being  formed  between  them'  and 
in  front  of  the  primary  xylem,  as  in  Phaseolus.  In 
other  cases,  on  the  contrary,  true  cambium  is  formed 
in  front  of  the  primary  xylem,  producing  xylem  on 
1  e  ns  de  1 1  lo  on  he  ou  s  de  and  hu 
fom  ed  a  ompac  eld  of  seconda  y  x  le 
su  ounded  y  a  o  u  us  la)  e  of  se  on  la 
pi  lo  m     s    n  y  Pn       _ff  a    &c     an  i  as 

1  0         n  he      se  of  i  e  s  em    n  F  g     05 

T!  e  se  ondar>  xylem  of  00  s  e  y  f  e  ^uen  1 
conss  fo  he  o  part  of  u  1  n  w  od 
pa  en  hjma         wh    h    h     fe  Is   s      ound  d 

by  a  fe  gn  fied  cells  a  e  He  d  n  o  ola  ed 
g  OUI.S  TI  s  o  u  especal  n  he  cul  aed 
be  00  1  ul  a  ed  ca  ro  and  rAUw  ffi  n 
Belladonna,  Cocmlus  palmatus,  Inula  Hehnium,  &c.  The  secondary  phlofem  of  roots 
also  has  a  tendency  towards  an  abundant  formation  of  parenchyma,  with  a  diminished 
development  of  bast.  The  secondary  dssues  of  roots  so  completely  resemble,  on  the 
other  hand,  those  of  stems  in  the  formation  of  xylem-  and  phloem-rays  (medullary 
rays)  and  in  other  respects,  that  it  is  not  always  possible,  especially  when  the 
wood  of  the  root  is  not  strongly  lignified,  to  distinguish  it  from  the  wood  of  the 
stem  without  examining  the  central  axis,  when  its  real  nature  may  always  be 
determined  from  the  primary  xylcm-bundles  and  the  occasional  absence  of  the 
pith. 

From  the  great  numbers  of  species  belonging  to  the  classes  Gymnosperms  and 
Dicotyledons,  and  from  their  extremely  different  adaptations  to  various  vital  conditions, 
it  is  not  surprising  that  in  the  processes  connected  with  the  increase  in  size  of  the 
stem  there  should  be  a  great  variety  of  deviations  from  the   normal  types  described 
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above.  An  exhaustive  description  of  these  deviations'  would  far  exceed  our  space, 
and  would  lead  us  to  great  difficulties,  since, there  is  at  present  no  portion  of  the 
field  of  botany  so  unworked  as  the  anatomy  of  plants  properly  so  called.  What 
follows  will  only  serve  to  direct  the  attention  of  the  student  to  some  of  the  most 
striking  deviations  from  the  processes  described  under  the  head  of  the  second  type,  to 
which  some  reference  will  again  be  made  at  the  conclusion  of  the  account  of  the 
t       t  f  D      tyl  d  B     k  II 

(  )  Th  t  1     I  f,ht  wh      th  as         th    k  t       f  rmly  con- 

t        b  t        It  g  tl  p     d  d  d  th  t      fP  Jy^  I    Senega,  or 

m     h    t       g  d     th         Ise    h  th  t     f  O  /.     ju  and  in 

m    y    t 

(b)  Th       mb  t  f    m  d      Ij       tl     fib       as    1     b     dl      which  in 

q  I        p    d  d    y    yl  m      i  phi         wh  I    th    b  dfe    g     -erofthe 

dllryyb)  bmd  t  tak    pi  d      t  rt  i  dary  fibro- 

1         ass  th      i  t  1    m  d     Th    f    d         Lip         h)m    which  lies 

b  t  th     b     dl  )k     th  I      ly        th    k  ess  ly  th         t       on  of  its 

11         d  th  Id  f  pi  th       t  f  C        i  <i,  where 

th    b     dl  !  gul  p  sses     g      I  y        f  phi  th  de  of  the 

)lm        p       I       tblgglsot         1  d   \pocy         s.      B  t        old  stems 

th         d  b  dg    g    f  th         d  11    y      )    by  m      t 

(jThp         sed       t  h  wdljf        th  ml  type       those  cases 

h       th       t     ty    t  th         g     I      mb         oo       as  d  b     dl  produced 

tf  tmth  dgrt         thsebdlht  g       thickness 

b}  cambium,  but  then  ceasmg  to  grow,  when  a  new  ring  ot  bundles  is  formed  in  a  new 
meristem ,  so  that  at  length  the  wood  consists  not  of  a  compact  mass,  hut  of  concentric 
lavers  ot  isolated  fibro-\asculai  bundles  This  piocess  prcients  i  certain  resemblance 
to  what  takes  place  in  the  ^lomeje  (Type  i )  The  rather  frequent  mst-jnces  ot  this 
mode  may,  according  to  Nageli  and  Eichler,  be  classified  into  two  groups,  according  as 
the  ring  of  meristem  which  produces  the  new  bundles  la  termed  in  the  primary  or 
secondary  phloem. 

Each  succe'isive  ring  of  bundles  originates  m  the  primary  cortet  in  Gneium  (G\mno- 
sperms),  m  Menispermactie,  ind  in  Rhynchoiia  scandens  among  Legummos^  Each  ot 
the  secondary  bundles  has  on  its  outer  side  a  border  ot  phloem,  which  in  Gnetuni  esen 
forms  true  hast 

The  new  r  ngs  of  hbro-vascular  bundles  originate  succe=-.:vel)  in  the  secondary 
cortex,  according  to  Eichler  in  Dilleniaceae,  manj  Leguminos^  [e  g  Bauhmia,  Caulo 
tretui),  some  Polygalai-ea:  ySecundaca  and  Comej^rma),  'impelidea:  [Ciuui  according  to 
Cruger),  "ind  Phytolaccace^ 

(d)  'The  stem  of  Milpighiaces  and  Bignoniacere '  (Cichler  /  c)  'at  a  later  period 
often  agrees  so  tar  with  the  loregoing,  that  the  wood  appears  as  it  broken  up  by 
layers  of  a  parenchyma  resembling  cortictl  tissue  into  a  number  ot  isolated  poitiuns, 
ot  which  only  the  outer  ones  are  merisniatic  Tht  history  of  development  is, 
however,  quite  different  It  does  not  consist,  as  in  the  prenous  cases,  ot  an  actual 
new  lormation  ot  vascuiar  bundles  outside  those  already  in  existence,  but  in  a  subse- 
quent iigorous  cell -multiplication  within  the  medullary  rays  and  the  layers  ot  wood- 
parenchyma  which  intersect  the  hbro- vascular  bundles  Ail  the  portions  of  wood 
which  are  by  this  means  more  or  less  driven  apart  and  displaced  are  therefore  only 
portions  ot  the  primary  ring  ot  fibro-\ascular  bundles ;  it  is  obvious  that  only  the  outer 
ones  are  capable  of  increase,  since  cambium  is  found  in  them  only.'  The  wood 
however  does  not  always  break  up  longitudinally  into  pieces  that  are  actually  separated  ; 
sometimes  it  is  only,  as  seen  on  transverse  section,  divided  into  lobes,  or  shows  deep 
indentations,  which  appear  from  without  as  deep  furrows,  running  usually  in  a  spiral 

'  [Oliver  has  collected  the  bibliography  of  the  slem  in  Dioolyledons  in  Ihe  Nat.  Hist.  Uevjew 
1863,  pp.  29S-329,  and  1863,  PI).  351-258.] 
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direction.  These  lobes,  separaled  by  radial  lamelte  of  tissue  resembling  cortex, 
may  again  be  divided  in  the  same  manner  into  smaller  lobes;  as  occurs  in  some 
Malpighiaceze  like  HeUr/^terys  and  Bannisteria.  In  some  species  of  Bignania  the  wood, 
as  seen  in  tiansverse  section,  forms  a  four-armed  cros.i,  the  arms  of  which  are 
separated  by  very  broad  soft  masses  of  tissue  resembling  medullary  rays,  which  pass 
outwards  into  the  cortex  surrounding  the  stem  (see  Fig.  107),  In  this  order  Tecoma 
radicani  has  also  the  peculiarity,  noticed  by  Sanio,  that  a  new  ring  of  wood  is 
formed  in  the  pith,  altogether  separated  from  the  medullary  sheath  of  the  ordinary 
ring ;  this  new  ring  has  on  its  inner  aide  a  secondary  layer  of  phloem,  and  is  increased 
by  cambium. 

(e)  Some  of  the  most  peculiar  modes  in  which  the  wood  is  formed  are  found  in  many 
climbing  Saplndaces.  Tiie  abnormalities  here  described  are,  in  fact,  met  with  chiefly 
among  limes,  i.e.  woody  climbing  and  twining  plants  growing  in  tropical  forests; 
although  there  are  typical  liane-stems  which  do  not  climb.  In  the  abnormal  Sapindaceie, 
especially  the  genus  Serjania,  a  transverse  section  shows  three,  four,  five,  or  nnore  portions 
of  wood  completely  separated  from  one  another,  of  which  the  central  one  is  usually 
much  the  m  t  t  gly  d  1  p  d  E  h  f  th  mass  f  wood  p  e  ts  the 
structure  of  a  Idityld  tmmdllyyp  dtm  tlpth 
towards  its  ci  umf  h  rrddb  drytbhh 
they  are,  how               tdt           hlLkdtf            thtth  Id 

^outer  portion      f  dh        thpp                f       h            hhpitbl           tf 

the  central  la  g  d         1            g            th    t  b            Th        p      t                      1     h 

on  a  transverse  t              m    t     b         mpl  t  ly  d  p     d     t           th      f            ly  p 

jections  or  o  tg  th      t  th         g    all>  h  m  g             t          A        d    g  t    N  g  1    th 

abnormality  i  d     t  th          y     rig        f  th  hb       as    I      b     dl      by  th           t 

being  arranged  g        th  t          gi           b              g            t        t    th         11 

(f)  In  the  cases  hitherto  described  th     d  t    n  f  om   the  typical   procesie,   is 
d  e«      t   Uy  by    b      ra  ht  es       th         g  f  th           b             g         by    f       b 

q      t  b  h  fi    Ily  by     pe  t  d  f     h  t         t         f  fib  o-       ul     b     dl 

dy  tmThsedtftPp  leBg  Ntag  d 

A  th  A      b  I  ty      1        b      ght    b     t    t  >        ly  pe     d       th 

g  th  f  I  gth  f  th  t  f  h  t  th  t  dd  t  t  th  1  t  t  b  dies 
wh  h  b     d    b  t     th    1      e=  I      b     dl       I  th      t  h    h  d 

t  p  t      t     th     1  I        b     dl  0         t  t 

f  yjgtod  mbffib  lb     dies  dp        d 

th      gh    h    1     d         tit  d  th      It       t  p    se  t     t    It     h  th      th 

1ft  th  lb     dies    hUb  tdbj       mbm      db  b      m 

th   k  wh  th      th    t    m  t         f        b  h  11  b      it  g  th         pp        d     b 

t  tes  th  t  th    1  tt  rs  g  P  p  x        th     g  Pepe-  wh        th    1     f 

tra      b     dl      wl     h         St      t  t  1  t        t    1  b  g     t  b    m 

y  th      th  h   h  d        t  b    d      t     t    tl     I  I     C/ 

th  t      J   th     t  Les  pi  tl  t  g     f  1     f  t  b     dl         hi  th 

p  th     h   h  is        I      d  by  th       th        ul       b     dl         m  1  t  d      d      th     t      y 

d  ry  IS         th   II     ss     Th     t      t  th       m         B  g  Th  t    f 

Ny  t  g  tl  t  t  t  t    t  t         th       th    th    k  I    f 

tra     b     dl  d    g  th      gh  th         Idl      f  th    1     d         tit  ltd 

hi  d  g    f       1       b     dies  1  g    t        d  b    tl        t    tj    t 

Sect    9     Th    Prima  y  Me  latem    nd  th    Ap    aL  C  11   — At  th    g         g 

dfhtl  d        ttll  ft  hthtdnbdd        t 

N  g  1   (i     )  d         b       h  J       mpl       ed  p  m        f  Uj 

Na„  1    D  Alg      y     m       N        b    fe     847 —<„  Ifl  i.hj      I   U 

h     f,       H  ft  HI    p  Z       h  — P     ^h   m    J  h  b   f  B  1    III    p   484  —K 
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exst  lere  >;  f  unl  -i  hen  j,ei  ous  tissue,  the  celh  of  which  are  ill  cipible  of 
division  rch  in  protopksn  w  th  thin  and  smooth  walls  and  containing  no  coa  se 
granules  This  t  sane  is  termed  Primary  Meristem  it  is  a  mer  stem  because  all 
the  celK  are  capaHe  of  1  vision  and  primary  because  it  j  resents  the  condition  out 
of  which  the  d  Strent  permanent  forms  of  tissue  are  ';ucce&&ivel)  formed  bi  diffeien- 
tiation  (  Iroto  me  stem  m  §ht  perhaps,  therefore,  be  a  betier  term)  If  the  general 
structure  of  the  plant  is  s  mj  le  as  in  Algfe  and  Charicete  the  cell  forms  anting 
from  thepnmarj  meristem  rnh  d  ffer  slightly  from  one  another  If  the  plant  belongs 
to  a  higher  type,  as  in  Vascular  Ctyptogams  and  Phanerogams  hjers  of  tissue  of 
a  different  character  first  originate  from  the  undifferentiated  primarj  meristem  which 
proceeds  from  the  growing  apex,  and  in  these  thi,  different  cell  forms  of  the 
epidermal  and  fundamental  tissues,  as  well  as  of  the  fabro  vascular  bundles  finally 
arise  by  further  development,  at  a  still  greater  distance  from  the  primarv  meristem 
The  differentiation  takes  place  so  gradually,  and  at  such  diffe  enl  peiiuds  in  the 
various  layers  of  the  tissue,  that  it  is  impossible  at  any  one  time  to  assign  a  dLfimie 
lower  limit  to  the  primary  meristem.  As  growth  proceeds  at  the  end  of  shoots  leaves, 
and  roots,  lower  portions  of  fhe  primary  meristem  become  graduallj  transformed 
into  permanent  tissue,  but  the  pnmarj  meristem  is  always  again  renewed  by  the 
production  of  new  celK  ciost  to  the  apex  Nevertheless  whole  organs  the  apical 
growth  of  which  soon  ceases,  maj  at  first  consist  entirelj  of  pnmar)  meristem, 
which  finally  passes  o\er  altogether  mto  permanent  tissue,  so  that  no  primary 
meristem  is  left  Examples  of  this  aie  furnished  bj  the  de%elopment  of  the 
sporogomum  of  Muscmete,  of  the  sporangia  of  Ferns,  and  e\en  of  most  lea\es 
and  fruits  of  Phanerogams 

The  terminal  portion  of  an  organ  with  permanent  ipical  gronth,  consisting 
entirelj  of  primary  meristem,  is  termed  the  Grmiing  Poinl  oi  '  Putictum  Vege 
tationis,'  not  unfrequendj  (but  bv  no  means  ilwajs)  it  projects  as  a  conical 
elongation,  and  is  in  this  ca'-e  distinguished  as  the  Veg  tative  Cone  or  Cone  of 
Grov,lh 

The  production  and  renewal  of  the  primary  meristem  commence  with  the 
cells  hing  at  the  apex  of  the  growing  point  and  by  the  manner  in  which  this 
happens,  two  C'itreme  cases  nuj  hi.  distinguished,  nhich  are  however  united  bj 
transitional  forms  In  the  oi  e  case,  the  usual  one  with  Crjptogams,  though  not 
without  exception,  the  whole  o!  the  cells  of  the  pnmarj  menstem  trace  their  origin 
back  to  a  single  mother  tell  Ijmg  at  the  apes  of  the  growing  point  and  ciUed 
the  Apital  CtU  In  some  Crjptogams,  on  the  other  hand  and  in  Phanerogams 
there  is  no  smgle   apical   cell   of  this    character      e\en  when   a  cell   lies    at  the 

ditto,  vol.  IV.  p.  64.— Hanstein,  ditto,  vol.  IV.  p.  23S— Gcjler  ditto  \ol  Vi  p  481  — Miilkr 
ditto,  vol.  V.  p.  a47.— Rees,  ditto,  vol.  VI.  p.  jog  — Ivageli  und  Le  tgeb  in  Beitiage  zur  wissen 
Bot.,  Heft  IV.  Munchen  1867. — J,  Haasteia,  Die  Scheitelzeilgruppc  im  'V  egetauonipunkt  der 
Phanetognmen  (in  the  Festschrift  der  niederrh,  Ges  fur  Namr  und  HeiRunde  bonn  aid 
Mooalsiibeisicht  of  tiie  same  Society,  July  j,  1869)  — Hofmeister  Bot  Zeitg  1-170  p  441  — 
Leilgeb,  Sitzungsb.  der  Wiener  Akad.  1868  and  1^69  and  Bot  Zeitg  1871  nos  3  aid  14  — 
Keinkein  Hanstein's  Botan.  Unlersuehungen,  Bonn  i"*;!  Heft  III  — Russow  Vergleich  Untcrsich 
der  Leilbiindelkryptogamen,  in  Mem.  de  I'Acad.  Imp  de  St  Pelersbour^  7th  ser  lol  XI\  no  i 
Petersburg  1871 — Warming,  Recherches  sur  la  ramification  da,  Phanerugan  es,  m  \  idensk.  Selsk 
Skr.  5,  Rilkke  10,  B,  i,  Copenhagen  1S71  (Danish,  with  French  ah  tract) 
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apes,  it  is  not,  as  in  the  former  case,  distinguished  by  its  greater  size ;  and,  wVtat 
is  of  more  importance,  it  cannot  be  recognised  as  the  single  original  mother- 
cell  of  all  the  cells  of  the  pritnary  meristem,  nor  even  of  a  definite  layer.  We 
may  distinguish,  therefore,  between  the  Growing  Point  with  and  without  an  Apical 
Cell. 

(a)    Growing   Foini  with   an   Apical   Cell..    The    formation    of   the    primary 


will  be  shown  presently. 


I  of  the  apical  cell  may  be  brought  about, 
m  different  waji.  but  it  generally  results  from  the 
constant  lepeated  divisirn  of  the  apical  cell  into  two 
unequal  diughti,r  ceils  One  of  the  two  daughter- cells 
(the  Apical  Cell)  remams  trom  the  first  similar  to  the 
mother  cell  and  include'-  the  apex;  it  is  immediately 
enlarged  bj  growth  till  it  equals  the  previous  apical 
cell  m  size  and  then  agam  divides,  and  so  on.  This 
process  produces  the  appearance  as  if  the  apical  cell 
alwus  remained  mtact  and  this  has  been  assumed  in 
ordinary  language  although  the  apical  cell  existing  at 
■ini  time  la  only  a  daughter  cell  of  the  preceding  one. 
The  othei  daughter  cell  on  the  other  hand,  appears 
from  the  first  like  a  piece  cut  off  from  the  back  or  side 
of  the  apical  cell,  generally  in  the  form  of  a  disc  or 
angular  plate  and  is  hence  called  the  Segment'^.  In 
the  simplest  case  the  segment  may  remain  undivided; 
and  then  the  whole  t  ssue  which  is  produced  from  the 
If  ical  cell  has  the  form  of  a  simple  row  ol  cells  as  m 
■some  Algse  ind  m  Fungus  hyphae  and  hurs  But 
gencriHv  the  segment  divides  into  two  cells,  each  of 
which  agim  breaks  up  into  two,  and  this  process  is 
mosth  repeated  manj  times  in  the  daughter-cells,  until 
a  more  or  less  extensive  mass  of  tissue  is  produced  from 
the  segment  The  aggregate  of  such  masses  of  tissue 
constitutes  the  primirj  meristem.  A  very  simple  case  of 
this  kind  is  shown  in  Big  io8  where  the  apical  cell  {f), 
here  very  large  growing  straight  out  from  its  base,  is 
divided  by  septa  {/',  P),  and  thus  forms  the  segments 
which  lie  in  a  row  one  over  another.    But  each  of  these 

'  The  portions  of  wall  which  enclose  a,  segment-cell  differ  in  their  nature  ani  origin,  and 
behave  differently  in  their  subsequent  growth.  Each  segment  possesses  two  walls  wliieh  were 
originally  division -walls  of  the  apical  cell;  they  are  generally  parallel  to  one  another,  and  are  called 
the  'Principal  walls'  of  the  segment;  the  older  faces  the  base,  the  younger  the  apex  of  the  organ. 
Another  portion  of  the  wall  of  the  segment  is  a  part  of  the  outer  wall  of  the  apical  cell ;  it  may  be 
teimed  th     O  t  11     f  th    se  m    t      Wh       th    segments  arise  as  transverse  discs  of 'an  apical 

cell,  a         SypQ     I  d  Lh         -e   th        (        all  is  cylindrical;  when  the  Segmentation  takes 

place         1  th  d      th     p  j       mplicated;   the  segments  have  in  this  case, 

beside      h     tw      p         pi        11         d  lh         t  11      de-walls  which  intersect  at  an  acute  angle. 

The  sd         11  It  f  th     [         j   1  wall      f    Ider  adjoining  segments,  and-aie  successively 

cut  off  by  th     J   ung    t      jt  m     f  th       1  c.  1      11    which  is  at   the  same  lime  the  youngest 
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last  is  again  immediately  broken  \ip  by  a  septum  {11",  IP)  into  two  disc-shaped 
cells,  and  in  each  of  these  numerous  small  cells  arise  by  the  formation  of  vertical 
and  afterwards  horizontal  walls  (as  may  be  seen  in  the  figure  further  back  from 
the  apex) ;  and  it  is  easily  seen  how  the  whole  branch  is  built  up  of  portions 
of  tissue,  each  of  which  originated  from  a  single  segment.     The  same  takes  place 


in  the  lateral  branchlets  x,  y,  which  in  this  case  arise  originally  from  lateral 
protuberances  of  the  apical  cell.  These  processes  are  remarkably  clearly  seen 
in  Stypocaiilon,  in  the  first  place  because  only  one  row  of  segments  is  formed 
lying  one  over  another,  and  in  the  second  place  because  the  segments  themselves 
are  transformed  into  portions  of  tissue  without  at  the  same  time  growing,  as  is 


usually  the  case.     Distortions  often  occur  from  the  growth  of  the  segments,  which 
render  difficult  an  investigation  of  the  processes  of  division. 

Figs.  109  and  no  show  us  a  case  in  which  the  apical  cell  is  divided  alternately 
right  and  left  by  oblique  walls,  so  as  to  produce  two  rows  of  segments  attached 
to  one  another  in  a  zigzag  manner  within  and   behind,   but  separated   to   some 
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distince  in  front  m  the  angle  -uhich  the  two  joungcst  segments  enclo'.i.  Iips 
the  apical  cell  J  iig  109  shows  the  end  of  a  shoot  oK  Mdsgtiia  furcala  n 
the  act  of  b  furLation  each  fork  ends  in  an  epical  cell  s  the  segments  and 
the  misses  of  t  s'lue  which  are  formed  from  them  are  drawn  just  as  they  appeir 
to  the  e>e  under  the  microscope  on  a  suterficid  Mew  of  the  flat  nbbon  shaped 
shoot  From  the  course  of  the  cell  walls  and  the  resulting  grouping  of  cells 
round  the  apical  cell  the  diagram  Fi^  no  A  la  deduced  m  which  the  dis 
torUons  of  the  cell  walls  occas  oned  b^  growth  are  neglected  and  htnce  ihe 
genetic  reKtionshipi  represented  more  clearh  For  further  elucidation  Fig  no  ^ 
IS  added  which  also  represents  dLigrammalicallv  the  longitudinal  section  of 
the  apical  reg  on  at  right  angles  to  the  broad  surface  of  the  nbbon  sliiped 
shoot  This  longitudinal  s  ct  on  bisects  behind  the  apical  cell  the  m  d  nb 
(Fig  109  n  n)  which  consists  of  several  lajers  of  cells  while  the  lateral  ex 
pansions  of  the  "ihoot  are  only  one  la\er  m  thickness  The  orgm  of  the  tissue 
11  now  clear  from  the  diagrammatic  Fig  no  A  and  S  if  it  is  obsened  m  the 
first  place  that  the  poitions  of  the  surface  indicated  b\  m  n  op  anl  y  are  the 
segments  of  the  ap  cal  cell  j  which  were  formed  successj\ely  in  the  same  order 
so  thit  m  represents  the  oldest  g  the  joungest  segment  From  each  segment  a 
small  piece  is  first  cut  off  bthmd  by  a  wall  oblique  to  the  a^tis  of  the  shoot 
from  the  zigzac,  row  of  these  postenor  sections  an  eu  the  mid  nb  of  the  shoot  which 
attams  a  thickness  of  several  layers  of  cells  each  dnision  first  of  all  splitting 
up  by  a  wall  parallel  to  the  suiface  of  the  si  oot  into  two  cells  Ijing  one  o\er 
another  and  each  of  these  cells  on  its  part  a£,am  dividmg  in  the  same  manner 
Divisions  at  nght  angles  to  the  surface  of  the  shoot  (Fig  no  B)  are  then  also 
formed  in  the  uppermost  and  undermost  of  the  cells  produced  in  this  waj  an 
outer  small  celled  later  ib  formed  on  the  mid  rib  covermg  its  upper  and  under 
sdf  anl  surrounimg  an  mner  bundle  which  consists  of  longer  cells  While 
the  postenor  sections  of  the  sei,ment  produce  the  tissue  of  the  mid  rib  the  tissue 
of  the  flat  lateral  portion  (Fig  109  _/_/)  proceeds  from  the  anteror  sections  which 
face  the  margin  of  the  shoot  and  this  tissue  is  only  one  cell  lajer  in  thickness 
no  division  tak  ng  place  m  it  parallel  to  the  surfice  of  the  shoot  All  the  dnisions 
in  these  marginal  sections  of  the  segment  are  on  the  contrary  at  nght  angles  to 
the  surface  and  are  produced  bj  the  marginal  section  first  of  all  breaking  up 
into  two  cells  Ijmg  side  by  side  (see  Fig  no  4  0)  each  of  which  then  forms 
several  shorter  cells  bj  repeated  bi  parLition  and  these  mav  again  undergo  further 
division  aecordmg  to  the  activity  of  the  growth  In  general  the  flrst  divisions 
onlj  ol  the  segment  are  constant  the  further  course  cf  cell  multiplication  is 
according  to  the  minute  investigations  of  Ku)  sutject  to  man)  deviations  Smee 
the  tissue  produced  from  the  ma  giml  seel  ons  becomes  prominent  during  growth 
it  results  that  the  apical  cell  v.  th  the  youngest  segments  lies  in  a  depression  of 
the  margm  of  the  shoot  and  we  have  here  a  simple  example  of  the  depression 
of  the  growing  po  nt  in  the  tissue  which  grows  more  lu\uriintU  around  it  such 
as  often  occurs  to  a  much  greater  extent  in  Fucace'^  Ferns  and  Phanerogams 
The  different  ation  of  the  tissue  of  the  shoot  of  Mtlzgena  Jute  fa  dees  not 
attain  a  1  igh  degree  the  cells  cf  the  margin  md  of  the  midrib  when  mature 
d  fler  onlj    s]  ghth    fiora  one    a  lothei      1  ut   this   differentiation  is    broii,ht  about 
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\ery  e\rli  t\eti  n  th  firbt  dniMOti  cf  the  Segment  v  thjt  the  mar^  i -^1  tisaue 
and  the  youngest  extrem  ty  of  the  midrib  c-in  be  triced  close  up  to  the  apcil 
cell  Fig  I  lo,  C  finail)  iffords  an  opportuniti  of  leirning  the  mode  of  formition 
of  a  new  apical  cell  out  of  a  cell  of  the  mer  stem  a  case  which  occurs  often  enjugh 
in  Mu'-cinei;  and  the  higher  Cr)ptogam'-  While  the  thillome  of  S/ypo  luhn 
(Fig  io8)  shows  how  the  apical  cell  of  the  lateral  shoot  grows  immediately  from 
that  of  the  principal  shoot  as  a  lateral  prituberance  which  \~,  then  cut  off  by  a 
wall  m  MeUguii  furcala  as  is  shown  b)  the  restarche-,  of  Hcfmeibter  Kni 
and  MuUer,  it  appears  that  the  origin  ol  a  new  apical  cell  ma)  be  brought  about 
in  a  different  manner  Fig  no  C  shows  the  k.v-^  described  by  Knj  m  the 
third  joungcit  segment  o  which  i&  formed  from  the  ajical  cell  s  the  customary 
separation  into  a  mid  rib  cell  and  a  margin  tell  lias  first  taken  place  the  latter 
then  divides  as  usual  into  two  cells  Ijmg  side  h)  s  de  but  the  new  -epical  cell  is 
constituted  by  the  appearance  of  a  curbed  wall  in  one  of  these  mar„  n  cells  of 
the  second  order  and  this  will  mtersectb  the  dividing  nill  f  the  mirgin  celi 
previously  formed  thus  cutting  out  i  wedge  shaped  piece  s  which  assumes  at 
once  the  funchon  of  the  apical  cell  of  a  new  shoot' 

In  Equisetice«  and  man)  Fern*)  the  axis  of  the  shoot  terminates  in  \ 
comparatively  \ery  large  apicil  cell  which  is  bounded  bj  four  walls — an  outer  one 
overarching  the  ape\  and  sphcricall)  triangular  and  three  converging  obliquel\ 
below  and  withm  which  form  it  the  same  time  the  upper  pnncipai  wills  of  the 
)0un£;est  segments  (Fig  \\\  A  U)  the  -ipical  cell  has  hence  the  form  of  a 
segment  of  i  sphere  or  of  a  three  sided  pyramid  with  its  spherical  base  upper 
most  The  threi.  plane  pnncipai  walls  of  the  apical  cell  are  of  different  ages 
Tht  ne^t  division  will  arises  in  the  apical  cell  md  is  parallel  to  Che  oldest  wail 
a  &ef,ment  is  formed  bounded  by  two  triangular  frincipil  walls  an  arched  outer 
wall  and  two  nearly  oblong  s  de  walls  ^  ifier  the  apical  cell  has  again  f,rown  to 
its  original  s  ze  a  second  dnisiun  follows  parallel  to  the  neU)Ounger  principal 
wall  which  IS  followed  again,  after  fresh  renewal  ot  the  apicil  cell  bj  a  division 
parallel  to  the  jounge^t  prncipat  wall  Three  segments  are  now  formed  placed 
somewhat  like  the  steps  of  a  winding  staircase  each  is  in  contact  with  a  pnncipa! 
wa!l  of  the  apical  cell  and  in  this  n  anner  the  divisions  are  repealed  and  since 
each  "iegment  takes  m  i  third  of  a  circuit  of  the  winding  staircase  the  segments 
out  of  which  the  stem  is  built  up  all  he  in  thiee  rows  parallel  to  the  axis 
each  embracing  a  third  of  the  dnmtter  of  the  stem  In  Fig  in  B  and  C  the 
'■egments  are  numbered  /  II  III  &c  ,  accord  ng  to  the  order  of  their  formation, 
and  are  represented  as  they  appear  when  the  apex  of  the  stem  is  seen  from  above 
(not  in  transverse  section)  or  as  if  the  arched  surface  of  the  apex  were  spread 
out  flat  If  the  segments  are  followed  according  to  the  crder  of  their  numbenng 
the  path  described  is  an  ascending  spiral  because  each  segment  lies  higher  than 
the  older  ones,  as  is   shown  in  Fig.  in,  D,  where,  however,  only  two  rows  of 
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segments  are  to  be  seen  from  without.  The  formation  of  tissue  begins  by  each 
segment  dividing  into  two,  soon  after  its  production,  by  a  partition  paralleNto  the 
principal  walls;  the  new  half-segments  are  indicated  in  £,  C,  and  D  by  i,  i.  Since 
in  each  of  these  two  half-segments  the  further  processes  are  almost  exactly  the  same,  it 
is  necessary  to  keep  in  view  only  one  of  them.  Each  half-segment  becomes  divided 
first  of  all  by  a  curved  vertical  wall,  which  meets  internally  a  side-wall,  externally  the 
outer  wall  of  the  segment  at  its  middle  (Fig.  rii,  £).  Since  three  segments  com- 
pose a  transverse  section  of  the  stem,  and  each  half-segraent  divides  into  two  cells,  the 


section  of  the  stem  now  appi,ars  as  if  composed  of  six  cells  or  sextants,  whose  walls 
are  plactd  nearl>  radiall}  forming  a  six-rayed  star,  as  is  shown  in  the  transverse 
section  Fg  iii,  E  Hetce  the  walls  by  which  this  division  is  brought  about  are 
called  sextant  walls  in  C  and  Z*  they  are  indicated  by  the  figure  z.  Each  of  the 
sextant  cells  is  still  further  broken  up  by  vertical  walls  into  an  outer  larger  and 
an  inner  smaller  cell  (Fig  iii,  IT);  and  thus  the  foundation  is  laid  of  the  two 
layers  of  tissue  into  which  the  primary  meristem  separates,  viz.  into  an  outer  and 
an  inner  hjer    as  is  cleirly  shown  in  Fig.  iii,  A.     In  the  outer  layer  divisions 
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parallel  to  the  principal  walls  and  in  the  vertical  radial  direction  at  first  preponderate ; 
in  the  inner  layer  the  divisions  are  less  numerous,  so  that  the  cells  become  more 
uniform  in  diameter.  This  inner  mass  of  tissue,  arising  from  the  inner  sections 
of  the  sextants,  is  the  pith  which  splits  as  the  stem  developes,  dries  up,  and  thus 
causes  the  hoUowness  of  the  stem;  from  the  outer  layer. of.  the  primary  raeristem 
are  also  formed  further  from  the  apex  the  cortex,  the  fibro-^SCular  bundles,  and 
later  the  epidermis '.  The  external  organs  of  Equiselum  are  also  derived  from  the 
outermost  layer  of  the  primary  meristem,  as  has  already  been  shown  in  Fig.  in,  A, 
where  the  protuberances  x,  y,  b,  hs  represent  the  rudiments  of  leaves.  To  these 
processes  I  shall  recur  hereafter ;  here  it  need  only  be  mentioned  that  each  set  of 
three  consecutive  segments  undergoes  at  an  early  period  a  small  vertical  displace- 
ment, so  that  at  least  their  outer  surfaces  form  a  horizontal  zone  which  then 
bulges  out  and  is  the  origin  of  a  leaf-sheath. 

As  a  final  example  of  the  formation  of  the  primary  meristem  from  an  apical 
cell,  we  may  now  consider  the  processes  that  take  place  at  the  growing  end  of  a 


Fern-root,  with  which  the  greater  number  of  roots  of  Cryptogams  agree  m  the  mam 
Fig.  wi,A  represents  an  axial  longitudinal  section  through  a  Fern  root,  with  the 
apex  uppermost  From  the  apical  cell  v  arises  not  merely  the  tissue  of  the  sub- 
stance of  the  root  o,  c,  but  also  the  root-cap  k,  I,  m,  n,  a  mass  of  tissue  which 
covers  like  a  helmet  the  growing  point  of  every  root.  The  apical  cell  m  this  case 
resembles  that  of  the  stem  of  Equisetacefe  and  of  many  other  Crjptogams,  in  so 
far  as  it  presents  a  three-sided  pyramidal  segment  of  a  sphere,  this  form  is 
sufficiently  seen  by  comparing  the  longitudinal  section  A  with  the  trins^erse 
section  B.  Here  also  three  straight  rows  of  segments  are  formed  h\  successive 
divisions  of  the  apical  cell,  which  are  numbered  according  to  their  order  in  age, 
7,  //,  ///,  &c.,  in  Fig.  B ;  and  here  also  a  spiral  is  described  by  the  Ime  con- 
necting the  centres  of  the  consecutive  segments.  The  great  difference  between 
the  apices  of  roots  and  the  growing  stem  of  Cryptogams  is  however,  that  m  the 
former   the    apical    cell   not   only  produces    these    segments  which    build   up   the 

'  Compare  Book  II.  Class  Equisctaeeic,  unde^-  Ihe  fomialjoii  of  Iheir  lissue. 
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t  sue  of  the  root  but  other  segments  also  which  build  up  the  R  f  cap  Tl  ese 
latter  -ire  cut  (.ff  from  the  ap  al  eel!  by  septa  m  such  a  manner  that  ihus  ovei 
them  like  a  cap  and  every  such  segmt.nt  belongins;  to  a  root  tap  is  hente  termed 
simpl}  a  CiJ  cell  According  to  the  nvest  gat  ona  of  NaL,el  and  Le  tgcb  it 
ai  pears  to  be  the  rul^  that  whenever  three  segments  ha\e  been  forme  i  (from  the 
sub  tmce  of  the  r  ot)  a  new  cap  cell  anses  but  this  rule  is  not  al  au  str  ctly 
adhere  1  to 

The  cap  cell  ncreases  quicUv  m  breadth  an  1  its  tran  verse  section  onginiUy 
spherically  triangular  becomes  circular  It  is  simultaneously  d  i  ded  into  two  equal 
halves  by  a  vertical  wall  (parallel  to  the  ax  s  of  the  root)  m  each  of  these  halves 
1  wall  -igain  ar  ses  at  right  angles  to  the  former  aad  thus  four  quadrant  cells  are 
formed  Each  quadrant  again  breaks  up  into  t  ^o  cells  (oc  ants)  the  further  diMSions 
\arjing  in  lifFerent  species  In  the  successive  hjers  of  the  cap  the  qua  Irants  are 
not  suiermposed  but  alternate  (  e  the  quadrant  walh  of  cne  lajer  de\  ate  from 
those  of  tl  e  preceding  ani  follow  ig  ones  L)  ah  ut  45° 

The  growth  in  length  of  the  sub  tance  of  the  root  in  so  far  as  it  is  occasioi  d 
by  div  sior «  of  the  apical  cell  proceeds  as  has  alreadj  been  ind  cated  in  s  ich  a 
mamer  that  the  septa  wlich  arse  n  spiral  succession  are  parallel  to  the  sides 
of  the  apical  cell  Each  segment  cell  is>  bounded  by  fi%e  walls  as  at  the  apex 
of  the  stem  ai  Eqmsduri — two  principal  triangular  walls  two  ollong  side  walls 
and  one  somewhat  convev  outer  wall  m  contact  with  a  root  cap  The  first  wall 
which  arises  n  each  segment  cell  stan  lb  at  r  gl  t  angles  to  the  pnncipal  walls  and 
IS  with  refereice  to  the  whole  root  a  nd  al  longitud  nal  wall  Two  cells  arise 
in  this  manner  side  by  s  de  unequal  n  form  and  isize  the  septum  meeting  internally 
a  side  wall  but  externally  the  m  ddle  of  the  outer  wall  In  this  manner  the  trans 
verse  section  of  the  root  compo>,ed  at  hrst  of  three  segment  cells  breal^s  up  into  sii 
cells  or  sextants  (compare  the  proce  ses  described  abo\e  in  the  stem  ^i  Epttsduni) 
three  of  these  sextants  reach  to  the  centre  cf  the  section  but  tie  three  which 
aJternate  with  them  do  not  The  sextant  walls  are  seen  n  Fig  112  B  in  the 
segments  IV  J  PI  VIZ  as  hi  es  dn  ding  the  outer  wall  in  half  m  a  deej  er 
transverse  section  they  would  form  together  with  the  three  side  walls  of  the  tl  ree 
segments,  a  six-rayed  star,  similar  to  that  in  Fig.  in,  £".  Each  sestant  cell  is  next 
divided  again  by  a  wall  parallel  to  the  surface  of  the  root  into  an  inner  and  an  outer 
cell ;  in  the  transverse  section  of  the  root  {i.  e.  in  the  corresponding  transverse  section 
beneath  the  apex),  twelve  cells  can  therefore  be  recognised  at  this  stage,  of  which 
the  sis  outer  ones  form  a  peripheral  layer,  and  the  six  inner  ones  a  central  nucleus. 
The  longitudinal  section,  Fig.  112,  A,  shows  this  wall  at  c  c,  and  it  may  thus  be  seen 
how  the  mass  of  the  substance  of  the  root  is  broken  up  by  it  into  an  outer  layer  0  c 
and  an  inner  thick  bundle  c  c  c  c.  Out  of  the  former  arises  by  further  division  a 
tissue  which  becomes  differentiated  further  backwards  into  epidermis  0  and  cortex 
(between  o  and  c);  the  axial  bundle  ^  ^  c  f ,  on  the  other  hand,  which  is  the  result 
of  further  longitudinal  divisions  of  the  inner  sections  of  the  sextants,  forms  ihe 
procambium- cylinder  of  the  root,  in  which  the  vascular   bundles  arise.      In  this 

'  They  are  bounded  by  thicker  lines  in  tlie  longitudinal  section  A. 
'  Compare  Book  II,  EquisetaceK,  diagram  of  root,  Fig.  284. 
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case  ■\\-.o  the  ultimate  separation  of  the  mass  of  tissue  into  two  distinct  p  rlions 
IS  determined  b)  the  first  divisions  of  the  voutigest  ^eijments  but  a  comparison  of 
the  correspon  1ing  process  m  the  stem  oi Lqutsftum  shows  that  the  mass  of  tissue 
which  le  formed  from  the  central  portions  of  the  sextant  has  quite  a  different 
significition  from  what  it  has  there  and  the  same  is  the  case  with  the  penpheial 
layer  A  further  discussion  of  the  origin  of  the  forms  of  tissue  of  the  root  out  of 
these  portions  cf  the  primarj  menstem  \\\\\  be  entered  into  when  treating  of  Ferns 
and  Equisetacete 

In  coiiLlusion,  it  maj  be  remirked  that  the  segments  of  the  -ipical  cell  where 
they  anse  in  t"0  or  three  rovis,  have  at  first  a  position  oblique  to  the  ideil  axis  of 
the  organ,  -ind  enclose  an  angle  open  towards  the  apicU  cell  but  in  consequence 
of  growth  the  position  of  the  segments  generally  changes  so  that  the)  come  to  he 
graduallj  more  transverselj ,  and  finallj,  at  a  ccrtiin  di&tance  from  the  apical  cell, 
the  principal  walls  lie  at  right  angles  to  the  axis  of  the  oigan  The  process  is  not 
clearly  shown  in  Figs.  1 1 1  and  1 1  a  ;  but  more  evidently  in  examples  to  be  brought 
forward  later  (e.g.  Fig.  ii6,  p.  153), 

(b)  Growing  Point  without  an  Apical  Cell.  This  occurs  universally  in  Phanero- 
gams ;  the  apical  region  of  growing  shoots,  leaves,  and  roots  consisting  of  a  primary 
meristem,  the  cells  of  which  are  very  small  in  proportion  to  the  size  of  the  entire 
growing  point,  and  very  numerous.  It  has  not  yet  been  demonstrated  whether 
even  the  cells  next  the  apex  can  be  traced  back  to  a  single  primary  mother- 
cell,  although  sometimes  undoubtedly  one  cell  lying  at  the  apex  is  distinguished 
by  a  somewhat  greater  size  and  by  its  form.  In  many  shoots  tlie  surface  of  the 
apex  seen  from  above  shows  an  arrangement  of  the  superficial  rows  of  cells 
which  to  a  certain  extent  points  to  this  one  cell  as  their  common  primary  mother- 
cell;  but  even  if  this  were  the  case,  which  is  by  no  means  proved,  it  is,  on  the 
other  hand,  altogether  impossible  to  connect  genetically  the  inner  layers  of  cells 
also  with  this  cell.  The  peculiar  significance  of  the  apical  cell  of  Cryptogams  lies 
in  the  fact  that  all  the  cells  of  the  primary  meristem  furnish  evidence  of  descent 
from  it  in  different  degrees. 

But  as  in  Crj'ptogams  the  first  divisions  of  the  segment-cells  determine  certain 
layers  of  the  primary  meristem  which  subsequently  pass  into  the  differentiated  tissue- 
systems  further  backwards  from  the  apex,  so  also  in  Phanerogams  a  definite 
arrangement  of  the  cells  is  brought  about  in  the  primary  meristem  of  the  growing 
point,  of  such  a  kind  that  the  vatious  layers  of  the  primary  meristem,  when 
followed  further  backwards,  have  a  genetic  relation  with  the  epidermal  tissue,  the 
cortex,  and  the  fibro-vascular  bundles,  and  may  be  recognised  as  the  first  rudiments 
of  them.  The  outermost  layers  run  uninterruptedly  over  the  apex  of  the  growing 
point,  overarching  an  inner  mass  of  tissue  of  the  primary  meristem,  which  latter, 
on  its  part,  sometimes  runs  out  beneath  the  apex  into  a  single  cell  (in  Hippuris 
and  Anacharis  canadensis,  according  to  Sanio),  but  usually  terminates  in  a  somewhat 
subordinate  group  of  cells. 

While  in  Cryptogams  with  an  apical  cell  an  evident  cell  of  this  kind  is  formed 
where  a  lateral  outgrowth  (shoot,  leaf,  or  root)  is  about  to  be  developed  on  the 
growing  point,  in  Phanerogams,  on  the  other  hand,  a  whole  group  of  cells, 
including  inner  and  outer  layers,  makes  its  appearance  at  the  spot  in  question,  so 
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that  even  at  the  first  commencement  of  an  organ  no  one  predominating  apical  cell 
can  be  recognised  (Fig.  113).  After  Sanio^  had  investigated  these  processes  in 
Phanerogams,  Hanstein  ^  studied  them  in  a  more  general  and  detailed  manner,  and 
has  recently  shown  that  even  in  the  etnbyro  of  Phanerogams  the  first  divisions  take 
place  in  such  a  manner  as  to  negative  from  the  first  the  existence  of  an  apical  cell ; 
while,  on  the  other  hand,  a  differentiation  into  an  outer  layer  and  an  inner  nucleus 
of  tissue  early  manifests  itself. 

The  outermost  layer  of  the  primary  meristem  which  covers  the  growing  point 
together  with  its  apex  is  the  immediate  continuation  of  the  epidermis  of  the  older 
part  which  lies  further  backwards;  it  may  therefore  be  termed  the  Primordial 
Epidermis;  Hanstein  has  however  already  applied  to  it  the  name  Dermaiogcn. 
It  is  distinguished  by  the  circumstance  that  divisions  occur  in  it  exclusively  at  right 
angles  to  the  surface ;  it  is  only  at  ^^ 

a  subsequent  period  that  tangential 
divisions  also  sometimes  ocLur,  when 
the  epidermis  becomes  divided  into 
several  layers. 

Beneath  the  Primordial  Epidermis 
one  or  more  layers  are  generally 
found  which  also  cover  the  apex 
continuously,  and  out  of  which  the 
cortex  originates  further  backwards 
from  the  apex  (Fig.  1 22,  r  r,  p.  163); 
they  represent  therefore  the  Pri- 
mordial Cortex ;  IJanstein  calls  this 
layer  of  the  primary  meristem  the 
P  riblem  Enclosed  and  overarched 
by  this  IS  a  nucleus  of  tissue 
which  may  be  followed  out  as  an 

immediate  continuation  f  the  fibro  viscuUr  bundles  tnd  of  the  pith  encli'-ed 
or  traversed  by  them  The  lajer  of  tissue  in  which  the  first  fibro  ^a'icular 
bundles  oiiginate  termed  b)  Swio  the  Thiclvening  ring  thus  coiresponds  to  the 
outer  lajer  of  this  inner  ti'^sue  nucleus  (which  Hanstein  terms  Flerome)  when  a 
p  th  is  formed '  If  no  pith  is  formed  as  in  many  roots  and  some  'items  {e  g 
Hippuris  An7chan  &c)  the  whole  of  the  plerome  is  developed  into  procambium 
■vn\  this  mto  an  axial  fibro  \ascular  cybnder  which  is  then  traversed  bj  two  or  moie 
\ascuUr  bundle*  ind  bast  bundles 

The  origm  of  the  root  cap  in  Phanerogams  may  be  considered  iccordin?  to 
the  recent  investigations  of  Hanstein  and  Re  nke  smplj  as  a  luxuriant  gnu  th  of 
the  primordial  epidermis  or  dermatogen  locil  sed  at  the  apex  in  such  a  manner  tl  at 


'  Sanio,  ill  Bot.  Zeitg,  l86£,  p,  184  el  seq. 

'  Hanstein,  Die  Scheilelzellgiuppe  im  Vegetationspunct  der  Phanerogamen.     Bonn  1 868. 

'  Hanstein,  Monatabei.  der  niederrh.  Gesell,  July  5,  iS'ig,  For  furlher  details  iee  the  general 
chai  acteristics  of  Phanerogams  in  Book  ]I. 

'  Compare  however  Kussow,  I.e.,  pp.  177, 183,  from  which  it  appears  questionable  whether  this 
first  dilferejilialion  of  the  primary  nieristtm  invariably  takes  place  in  this  way. 


vGooqIc 


148  MORPHOLOGY  OF   TISSUES. 

the  part  of  the  dermatogen  which  covers  tlie  apex  of  the  root  divides  periodically 
by  tangential  walls.  Thus  the  dermatogen  splits  at  the  apex  into  two  layers  of  cells, 
the  outermost  of  which  developes  into  a  many-celled  cap,  the  Rool-cap,  while  the 
inner  layer  at  first  again  performs  the  functions  of  dermatogen,  until  a  new  splitting  of  the 
r  at  the  apex  causes  the  formation  of  a  new  stratum,  which  again,  on  its  part,  as 


in  Cryptogams,  becomes  separated  by  tangential  divisions  into  several  layers,  as  is 
exemplified  in  Fig.  114. 

According  to  the  description  here  given,  which  can  only  serve  as  an  introduction  to 
what  follows  for  the  student  in  a  few  examples,  it  might  almost  appear  as  if  the  processes 
in  the  growing  point  of  Phanerogams  were  essentially  different  from  those  in  Cryptogams, 
a  hypothesis  which  I  however  do  not  accept.  On  the  one  hand  the  careful  investigations 
of  Nageli  and  Leitgeb  in  Lycopodiace^  {I.  c.)  on  this  point  prove  that  in  this  family  the 
significance  of  the  apical  cell  in  (he  production  of  the  primary  meristem  is  different  from 
that  in  other  Cryptogams,  and  approximates  to  what  occurs  in  Phanerogams;  and 
that,  on  the  other  hand,  the  apical  cell  of  Cryptogams  may,  equally  with  the  apical  cell- 
group  of  Phanerogams,  be  considered  the  starting-point  of  the  first  djfferentation  of  the 
layers  of  tissue. 
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MORPHOLOGY   OF    MEMBERS. 


Sflt  20  Distinction  between  Members  and  Organs^  Metamorphcais 
The  parts  of  plants  tthich  are  trdinarlj  termed  their  Orgins— very  various  m 
their  form  and  servmg  d  ffcrent  phj  si  ©logical  purposes— maj  be  considered  sucn- 
tifically  from  two  different  points  of  view  The  question  may  be  a'iked  at  the 
outset  How  far  ire  these  parts  adapted  by  their  form  and  structure  to  perform 
their  phj&iological  work?  In  this  case  thej  ire  regarded  from  one  s  de  onlj  as 
instruments  or  organs  and  th  s  mode  of  regarding  them  belongs  to  ph}siolog>  In 
the  other  case  these  relationships  ma>  be  completely  put  aside  and  the  question 
ma>  be  kept  out  of  consideration  what  functions  the  parts  of  the  plant  have  to  fulfil 
and  tl  e  onlj  j  oint  kept  m  \iew  miy  be  where  and  how  the)  arise  that  is  in  what 
manner  the  origin  and  growth  of  one  member  are  related  n  space  in1  time  to 
those  of  another  This  nii_de  tf  regarding  them  is  the  morphological  one  It  is 
obvious  that  it  is  as  one  sided  as  the  phj siological  but  investigation  and  description 
require  here  as  everjuheie  else  in  science  abstractions  of  this  kind  and  thej  are 
not  only  not  hurtful  but  eien  of  the  greatest  assistance  to  investigation  if  the 
investigator  is  onlj  clearly  con  lious  that  they  are  abstractions 

In  this  chapter  me  shall  concern  ourselves  exclusivel)  w  th  the  morphological 
consideration  of  the  parts  of  a  rl"t  Fut  before  we  proceed  to  a  more  minute 
investigation  it  will  be  useful  to  get  a  somewhat  mire  exact  comprehension  of  the 
relationship  between  the  ph>siological  and  the  morphological  view 

Morpholog  cal  investigation  has  led  to  the  result  that  the  infinite  variet>  of  the 
parts  of  plants  which  in  their  mature  stale  are  adapted  to  functions  altogether 
dfferent  n  aj  nevertheless  be  referred  to  a  few  Original  Jo,  ms  if  regard  13  paid 
to  their  development  their  mutual  postions  the  relative  time  of  their  formation 
and  their  earliest  states  that  for  nstance  the  thick  scales  of  a  bulb  the  mem 
branous  appeniages  of  many  tubers  the  parts  of  the  caljx  and  corolla  the  stamens 
an1  carpels    manj  tendrils  and  spues    &.c     altogether  resemble   m  these  respects 


'  Nageli  und  Schwendener,  Das  Mikroskop.  Leipzig  1867,  p.  599.— Hofmeister,  Allgemeice 
MorphologLe  der  Gewachse,  Leipzig  1868,  Sect,  i,  2— Hansfein,  Botanische  Abhandlungen  aus 
dem  Gebiete  der  Morphologie  u.  Physiologic.    Bonn  1870,  Heft  I.  p.  85. 
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i  g         Thym  1  hf  fjldl  pm  Id 

II  dm  mfhk  ihb  fid 

1  d(k)  1  hy  fdfllhm 

fim    b   i       (b       )         fi  ml  h  d         h  m  i        >       1   j   m  > 

hpp  dl(gp  )Alh  dh 

dflffhpl  dhhfli  fhni  d 

d  Bfh  h  b^-P  hhjU 

1    h  b  I        1       g  p  f      d        mp 

mpl  Ih        y  I       h       mb       Igh        b  df  l^lhy 

llf  dl  plni  dl  hb 

dhg  mybd  dbj    pplj  II    h 

ptshhbl  hyrajb  Im  {Cm)  ply 

A  11m  h      f  llf  mpl      h         d  1    f 

Ifhbfp  1  m  1  dj  Idlf 

a  pea  is  termed  a  metamorphosed  leaf,  so  the  tuber  of  a  potato  may  also  be  called  a 
metamorphosed  stem. 

Tlie  same  is  the  case  with  hairs  as  with  leaves  and  stems ;  the  distinguishing 
characters  of  root-hairs,  woolly  hairs,  prickles,  glandular  hairs,  &c.,  is  that  they  all 
originate  as  outgrowths  of  epidermal  cells.  If  we  now  go  a  step  further,  we  may  term 
all  appendages  of  other  parts  which  originate  as  outgrowths  of  epidermal  cells, 
whatever  their  form  and  function,  Hairs  {Trichomes).  Thus  the  so-called  palese  and 
the  sporangia  of  Ferns  are  trichomes ;  or,  if  the  ordinary  filiform  hairs  are  considered 
the  original  form,  they  are  then  metamorphosed  hairs.  It  .does  not  necessarily  follow 
that  hairs  grow  from  a  true  epidermis ;  it  is  held  sufficient  if  they  arise  from  single 
superficial  cells ;  and  thus  the  number  of  the  external  appendages  termed  trichomes 
is  still  further  increased. 

As  in  the  case  of  stems,  leaves,  and  hairs,  we  may  speak  also  of  metamorphosed 
roots  ;  they  are  usually  filiform,  long,  and  slender,  but  sometimes  thick  and  tuberous  ; 
usually  they  grow  beneath  the  ground,  but  also  sometimes  above  gjound,  and  even  in 
an  upward  direction.  Nevertheless,  under  all  circumstances  roots  maintain  so  Striking 
a  similarity  to  their  typical  forms,  that  the  term  metamorphosed  is  but  seldom  ap- 
plied to  them. 

This  mode  of  investigation,  applied  to  Vascular  Cryptogams  and  Phanerogams, 
has  shown  that  ail  the  organs  of  these  plants  may  be  referred  to  one  of  these 
morphological  categories;  every  organ  is  either  Stem  (Axis),  Root,  Leaf,  or  Hair, 
The  Muscineffl  have  no  roots  in  a  morphological  sense,  although  they  possess 
organs  which  completely  fulfil  the  functions  of  roots ;  on  the  other  hand  most  have 
leaves  which  grow  on  stems  (axes).     In  AlgEe,  Fungi,  and  Lichens,  the  plant  has 
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generally  appendages  which  may  be  termed  hairs ;  but  there  are  never  any  rools 
in  the  morphological  sense,  and  the  term  leaf,  as  understood  in  higher  plants,  can  no 
longer  be  rightly  applied  even  in  those  cases  where  the  external  form  of  the  mature 
parts  is  similar  to  the  foliage -leaves  of  higher  piants,  e.g.  Laminaria  digitata,  &c. 
It  is  now  agreed  to  apply  to  Chose  vegetable  structures  in  which  the  morphological 
distinction  of  stem  and  leaves  cannot  be  carried  out  in  the  present  state  of  our 
knowledge  (and  which  have  never  any  true  roots),  the  morphological  term  Thallus 
or  Thallome.  In  contradistinction  to  Thalhphytes,  all  plants  in  which  leaves 
can  be  morphologically  distinguished  might  be  termed  Phyllophytes ;  the  name 
Cormophytes  has,  however,  been  given  in  preference  to  them.  From  what  has 
been  sajd  it  will  be  seen  that  the  thallophyte  is  only  distinguished  from  a  cormophyte 
by  the  lateral  outgrowths  which  occur  somewhere  or  other  on  it  not  presenting 
sufficient  morphological  distinctions  from  the  part  which  bears  them,  to  permit  iis  to 
term  them  leaves  in  the  same  sense  as  in  the  more  highly  differentiated  plants. 
But  as  the  morphological  distinctions  of  stem  and  leaf  are  not  yet  sufficiently 
established  even  in  higher  plants,  it  is  impossible  to  draw  a  sharp  boundary 
between  Thallophytes  and  Cormophytes,  and  indeed  it  is  certain  that  one  does  not 
exist 

If  we  now  accept  the  terms  Thallome,  Stem  (Caulome),  Leaf  (Phyllome),  and 
Hair  (Trichonie) ',  in  the  senses  indicated,  it  can  no  longer  be  said  that  the  leaf  is  the 
organ  for  this  or  that  function ;  for  leaves  may  undertake  all  possible  functions  ;  and 
the  same  remark  applies  also  to  the  other  parts.  It  is  therefore  on  all  accounts 
inexpedient  simply  to  apply  the  term  Organs  to  ihallomes,  stems,  leaves,  and  hairs, 
for  many  of  them  have  in  fact  no  function  at  all.  In  order  to  avoid  this  mode  of 
expression,  which  is  confusing  and  foreign  to  morphology,  it  is  obviously  best  to 
speak  in  this  sense  not  of  Organs,  but  oi  Members.  The  term  Member  is  used  when 
we  speak  of  a  part  of  a  structure  in  reference  to  its  form  or  position,  and  not  to  any 
special  purpose  it  may  serve.  Thus,  from  a  morphological  point  of  view,  stems, 
leaves,  hairs,  roots,  thallus -branches,  are  simply  members  of  the  plant-form ;  but  a 
particular  leaf,  a  particular  portion  of  the  stem,  &c.,  may  be  an  organ  for  this  or  that 
function,  which  it  is  the  province  of  physiology  to  investigate. 

The  morphological  nature  of  a  member  is  best  recognised  in  its  earliest 
stages  of  development,  and  by  its  relative  position  in  the  series  of  processes  of 
growth  ;  the  morphological  definitions  depend  therefore  essentially  on  the  history 
of  development. 

The  older  a  member  becomes,  the  more  obvious  becomes  its  adaptation  to  a 
definite  function,  the  more  completely  is  its  morphological  character  often  lost.  In 
their  earliest  states  the  members  to  which  the  same  morphological  term  is  apphed 
{e.g.  all  the  leaves  of  a  plant)  are  extremely  similar  to  one  another;  at  a  subsequent 
period  all  those  distinctions  arise  which  correspond  to  their  different  functions. 
We  can  now  arrive  at  a  definition  of  Metamorphosis  which  may  be  used  in  a 
scientific  manner ; — Metamorphosis  is  the  varied  development  of  members  of  the 
same  morphological  value  resulting  from  their  adaptation  to  definite  functions. 


'  See  Nageli  und  Schwendener,  Das  Mikioskop,  vol.  II.  p.  ^91. 
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(a)  The  conceptions  of  Stem,  Leaf,  Root,  Trichome,  as  at  present  employed  in  botany, 
result  from  the  examination  of  highly  developed  plants,  the  different  members  of  whicli 
actually  present  considerable  diversities,  or  display  considerable  differentiation ;  but  if  the 
tt  mpt      n    d  ppl)  th  pt  th  m  t    th    1  ss  d  ff        t   t  d 

H  p  t   ic    h.{gT    Lh        atdl-g  jdflilt  dpedgp        pU 

th    f    t  th  t  th     m  mb  rs     f  th     th  11  ra        m  t  m      d   pi        t   k    g  bl 

tl  1  tm         d  t        hlfttglhrstth  h        ttcs 

T        t  f    m  th    m     b         f  Th  11  phyt        h   h         b  t    1  ghtly  d  ff 

t   t  d  m    ph  1  e     Uy  t    tl     h  ghly  d  ff       t   ted  m     b       of  G    m  ph  t        In  the 
mnbe        hh         t  tmlf        th        t         1        thtth        dffn 

nly      g       t  d     h    h     1  th    gh    n      1  d  g  th     n         h       g 

p       llj    f  th    h    h      Wi^x      bs  I  t    d  t     t 
t  t    b    f      d     It      th      f  tt 


(b)  The  expressions  Thallome,  Caulome,  Phyllome,  Tnchome,  Root  designate,  as  has 
been  said,  general  ideas,  from  the  dehmtion  of  which  are  elim  nated  all  those  properties 
of  the  members  wl  ich  adapt  them  onlj  for  definite  functions,  wh:Ie  a  few  characters 
only,  drawn  tiom  their  origm  and  mutml  position,  are  kept  m  Mew  Parts  nhith 
are  physiologically  entirely  different  may  therefore  be  morphologically  equiiahnt, 
and  lice  -vena,  physiologically  equivalent  organs  may  fall  morphologically  under  qmte 
diflerent  conceptions  The  statement  for  example,  that  the  sporangia  ot  Ferns  are 
tr  chomes,  meana  only  that  thej  or  ginate  like  all  hairs  trom  epidermal  cells ,  m  this 
character  st  c  hairs  and  the  sporangia  of  Ferns  are  morphologicallj  equivalent  On  the 
other  hand  the  underground  hairs  ot  Mosses  and  the  true  roots  of  vascular  plants  are 
physiologically  equivalent ;  both  serve  for  the  absorption  of  nourishment  and  the  fixing  of 
the  plant  in  the  ground,  although  the  former  are  morphologically  trichomes,  the  latter 
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(c)  General  ideas,  like  those  considered  here  and  in  tiie  sequel,  depend  always  on 
abstractions;  they  therefore  necessarily  want  tiie  practical  clearness  of  the  particular 
ideas  from  which  they  have  been  abstracted.  How  far  the  abstraction  may  be  carried  is 
more  or  less  arbitrary;  and  the  only  correction  for  this  lies  in  the  scientific  usefulness 
of  the  idea.  Those  ideas  are  the  most  useful  which,  from  the  greater  precision  of 
the  definition,  and  from  their  greater  clearness,  include  the  greatest  possible  mimlier 
of  particular  cases;  for  in  this  manner  is  that  complete  general  comprehension  of  the 
phenomena  most  easily  obtained  which  must  precede  a  closer  examination  of  them.  The 
definitions  in  the  following  paragraphs  are  given  from  this  point  of  view. 

Sect.  21.  Leaves  and  Leaf-beating  Axes'. — The  members  of  the  plant 
which  are  called  Leaves  (Phyilomes)  in  CharaceK,  Muscinese,  Vascular  Cryptogams, 
and  Phanerogams,  are  related  to 
the  axis  or  stem  from  which  they 
are  derived  in  the  mariner  de- 
scribed in  the  following  para- 
graphs. 

(i)  The  Leaves  always  or igi- 
nale  below  Ike  growing  apex  of  the 
stem  as  lateral  ouigrmoths,  either 
singly,  or  several  at  the  same 
height,  i.e.  at  an  equal  distance 
from  the  apex ;  in  the  latter  case 
they  form  a  whorl,  the  single 
leaved  of  which  may  differ  in  age, 
as  in  Chara  and  Sahinia,  and  in 
the  whorls  of  many  flowers. 

(2)  So    long    as    the    apex    of  p,o,  ..6.-I^iii,ud;n=l  section  throi^h  ,l,e  ap[=al  r^io„  ot  ,  s™  of 

the  shool  continues  growing  in  a  TtT>ul^^^'S,^'^^^Z^Z>^-^it]l^i\T^\^^ 
straight  line,  and  the  portion  of  etit'^^^^^i'S'S.'^^^X^v^tti^^l^to'l^'^S''^^ 
the  shoot  which  produces  leaves  S^^^'SaJ^l  ™'n'^.^'^\\rri^''' wlSlo^slSf,: 
lengthens,  the  leaves  arise  in  ^^f'i^^^St!v\i\l^^^\^'^^^ik^^^^^'^^^"°i\^^K; 
acropetal  order;  i.e.  the  nearer  S^i^i'lJ^^'™'"'"*"™'"*'^'  i'''"  =  "™""'' ^"^"""i"" >" 
the  leaves  are  to  the  apes,  the 

younger  they  are.  In  this  case  leaves  are  never  produced  further  from  the  apex 
than  those  already  in  existence.  It  is  only  when,  as  not  unfrequently  happens 
with  the  flowers  of  Phanerogams,  the  growth  in  length  of  the  shoot  ceases  or 
becomes  weaker  at  the  apex,  while,  at  the  same  time,  active  growth  continues  in 
a  transverse  zone  or  place  beneath  the  apes,  that  new  leaves  can  arise  between 
those  already  in  esistence^. 

(3)  The  Leaves  always  originate  from  Ike  Primary  Meristem  of  the  Growing 


'  Nageli  u.  Schwendener,  Das  Mikroskop.  Leipzig  1869,  p.  599  e»  seq. — Hofmeister,  AUge- 
meine  Morphologie  der  Gewebe.  Leipzig  1868,  Sect.  2. — Pringsheim,  Jahrb,  fiir  wissen.  Bot. 
vol.  in.  p.  484.— Ditto  on  Ulricularia,  in  Monatsber.  der  Berliner  Akad.,  Feb.  1869.— Hanstein,  Bot. 
Abhandlungen,  Bonn  18^0,  Heft  1. — Leitgeb,  Botan.  Zeitg.  i8ji,  no.  3. — Warming,  Recherches  sur 
la  ramification  des  Phan^rogamea,    Copenhagen,  1871,  p.  vi. 

"  Since  phenomena  of  this  kind  are  confined  to  the  flowers  and  inflorescence  of  Phanerc^ams, 
their  consideration  may  for  the  time  be  postponed. 
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Point,  never  from  those  parts  of  the  stem  uhi^h  alread)  consist  of  fully  differentiated 
tissues.  In  Characeae,  MuscineEe,  &c ,  before  or  during  the  first  divisions  of  their 
segments,  the  leaves  become  visible  close  beneath  the  growing  point  as  protuber- 
ances, the  outer  portion  constitutmg  an  apical  cell,  fiom  the  segments  of  which  a 
leaf  is  built  up.  In  Vascular  Cryijlogams  a  man)  celled  cone  of  growth  often  over- 
tops the  youngest  rudiment  of  a  leaf,  as  in  strong  Equiselum  buds,  Salvinia,  many 
Ferns  and  SeiaginelleES,  In  Phanerogams  (Figs.  117,  118,  119)  this  is  general';  in 
them  the  rudiment  of  the  leaf  does  not  begin  with  an  apical  cell  projecting  from 
the  cone  of  growth,  as  in  Cryptogams,  but  a  rounded  or  broad  cushion  is  formed, 
which  from  its  very  first  origin  consists  of  numerous  small  merismatic  cells. 

(+)  The  Leaves  are  always  Exogenous  Formafions,  i.  e.  the  rudiment  of  the 
leaf  never  has  its  origin  exclusively  in  the  interior  of  the  tissue  of  the  stem,  and 
is  never  covered  by  layers  of  tissue  of  the  stem  which  take  no  part  in  its  formation, 


as  is  the  case  with  roots  and  many  endogenou'i  shoots  In  Crj  ptogams  it  is  usually 
a  single  superficial  cell  {i.  e.  superficial  before  the  diflerentialion  of  the  epidermis) 
which  forms  the  foliar  protuberance.  In  Phanerogams  a  mass  of  tissue  bulges 
out  as  the  rudiment  of  the  leaf,  and  consists  of  a  Iu\unant  growth  of  the  periblem 
covered  by  dermatogen  (Sect.  19,  Fig.  113,  p  14J)  By  this  means  the  leaf  is  at 
once  distinguished  from  the  hair  even  ,in  its  most  rudimentary  slate.  The  hair  is  an 
outgrowth  of  the  epidermis ;  but  since  in  Phanerogams  the  primordial  epidermis 
or  dermatogen  covers  the  whole  of  the  growing  point  above  the  leaves,  hairs  may 
also    spring    up   higher   in    position   than    the   youngest   leaves,  from  single  cells 

'  [Warming  however  remarks  (Ramification  des  Phaji^rogames,  p.  iii)  that  the  growing  point 
may  have  the  most  various  forms,  from  that  of  a  rather  acute  cone,  as  in  Gramineie,  Amaranlhus, 
and  Planlago,  to  that  of  a  cup-shaped  depression,  e.  g,  Digilolis,  and  that  the  form  may  differ  even  in 
species  belonging  to  the  same  genus ;   thus  in  Digiialis  hilea  it  is  convex,   in  U.  parvlfiora  con- 
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belonging  to  the  dermatogen,  as  in  Utncularia  according  to  Pringsheim.  But  in 
Cryptogams  the  dermatogen  becomes  differentiated  only  after  the  formation  of  the 
leaf;  and  hence  the  hairs  are  always  at  a  greater  distance  from  the  apex  than  the 
youngest  leaves  (Fig,  1 16) ;  the  superficial  cell  of  the  stem,  which  in  Cryptogams 
becomes  the  apical  cell  of  a  new  leaf,  is  not  an  epidennal  cell,  since  its  origin  dates 
long  before  the  differentiation  of  the  tissue  into  epidermis  and  periblem. 

(5)  The  Tissue  of  ihe  mature  Leaf  is  continuous  in  its  formation  with  that  of  the 
Stem.  It  is  impossible,  histologically,  to  find  a  boundary  line  between  the  stem 
and  the  base  of  the  leaf,  although  such  a  boundary  line  must  be  assumed  theo- 
retically. If  the  surface  of  the  stem  is  imagined  to  be  continued  through  the 
base  of  the  leaf,  the  transverse  section  thus  caused  is  called  the  Insertion  of  Ike 
Leaf. 

The  continuity  of  the  tissue  is  especially  observable  in  vascular  plants,  where 
the  well-developed  leaves'  consist,  like  the  stem,  of  epidermal  and  fundamental 
tissues   and  iibro -vascular  bundles.     The  y 

cortical  layers  of  the  stem  bend  out  with- 
out interruption  into  the  leaf,  and  consti- 
tute its  fundamental  tissue ;  in  the  same 
manner  the  epidermis  passes  over  from 
the  stem  into  the  leaf;  the  fibro-vascular 
bundles  of  the  leaves  have,  in  Phanero- 
gams and  many  Cryptogams,  the  appear- 
ance of  being  the  upper  ends  of  the  'com- 
mon '  bundles  which  ascend  in  the  stem 
(Fig.  119);  and  where  this  is  not  the 
case,  as  in  Lycopodiaceae,  the  basal  por- 
tions of  the  foliar  bundles  and  the  fibro- 
vascular  mass  of  the  stem  are  nevertheless 
in  continuity.  ifs° sX vMSit^^^'l'TiSfbudi  dnX'ir''t«S tS 

The  main  cause  of  the  continuity  of  o(^SL'"LtTni;/ta,i',^'J^,h  S  w'^Mi^ 
tissue  between  stem  and  leaf  is  that  the      ^="^- 

leaf  arises  from  the  cone  of  growth  of  the  stem,  where  it  still  consists  entirely 
of  primary  meristem;  in  vascular  plants  the  young  leaf  appears  as  a  luxuriant 
development  of  its  outer  layers  (the  dennatogen  and  inner  layers  of  periblem,  see 
Sect.  19).  And  as  vascular  bundles  (at  first  in  the  form  of  procambium)  become 
differentiated  in  the  central  tissue  of  the  stem  or  plerome,  similar  bundles  also 
appear  in  the  tissue  of  the  growing  leaf,  in  such  a  manner  that  the  two  are  in 
connection  with  one  another.  This  connection  may  be  such  that  the  foliar 
bundles  appear  as  the  upper  prolongations  of  those  of  the  stem ;  thus  arise  the 
'  common '  bundles  of  Phanerogams,  the  portion  that  runs  through  the  slem 
being  termed  the  Leaf-trace  (see  Sect.  18).  But  in  some  Vascular  Cryptogams, 
as  Lycopodiacete  and  EquisetaccEe,  the  procambium  bundles  which  are  diiferentiated 
in  the  tissue  of  the  young  leaf  are  so  connected  with  the  young  fibro-vascular 


'  I,eaves  which  wither  early,  or  which  persist  as  small  scales,  like  all  the  leaves  of  Psihium,  and 
many  small  leaf-scales  of  Phanerogams,  hare  no  fibro-vascular  bundles. 
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bundles  of  the  stem,  that  although  the>  are  actu^llj  continuous,  their  independent 
origin  i&  still  easih  been  m  radiil  longitudinil  sections  through  the  apices  of  young 
sterna  In  both  cases  the  de\elopraenl  of  the  firbt  vessels,  usually  commences  in 
the  region  wheie  the  bundle  that  bends  out  mto  the  leaf  unites  with  that  of  the 
stem  In  addition  to  tht  Common  Bundhs  formed  m  thi&  way  fibro  \ascular  bundles 
mij  also  arise  in  the  stem,  as  has  aheady  been  descnbed  in  Sect  18,  which  belong 
to  It  alone,  and  are  therefore  termed  Caultne  Bundles  Cauline  bundles  may  be 
formed  at  an  earl)  period  of  the  growth  of  the  stem,  as  m  Piperacese,  Nycta- 
gme'e,  &c ,  or  onli  as  a  consequence  of  incicase  m  thiukness,  when  the  leaves  have 
alreadi  long  been  developed,  or  have  even  fallen  off,  is  in  Aloinc^,  Menispermacese, 
&c  {see  Sect  18) 

(6)  The  Lei  es  usually  grin  note  ripidh  n  lenglh  than  the  par  ni  shoot  aho  e 
their  ms  rlton  (Figs  116  117  118)  If  the  leaves  are  formed  rapidly  one  after 
another  the)  envelope  the  end  of  the  shoot  wd  thus  form  a  Bud  in  the  centre 
of  which  lies  the  leafforning  gro  \  ng  point  This  production  of  a  bud  depends 
also  on  the  more  rap  d  grovsth  f  the  o  iter  or  ui  dei  side  of  the  leaves  m  tier 
}Oung  state  by  v^hich  thev  bee  me  coi  cive  on  the  inner  (aftcrvv -wds  the  ipper) 
side  and  adpressed  to  the  stem  It  is  onh  bj  the  evtension  of  their  tissue  that 
the  leaves  ultin  ately  turn  out  ardb  in  the  order  of  d  eir  age  and  thus  escape 
from  the  bud  If  the  portion  of  the  stem  between  the  insert  01  s  of  the  leaves, 
undergoes  at  the  same  time  a  tonb  Icrable  extension  the  leases  then  become 
placed  at  a  di'itance  from  one  another  ind  1  shoot  re  ults  with  elongated  inter 
nodes  In  uch  cases  the  sect  on  of  the  stem  in  whch  the  leif  insert  on  1  es 
usuall)  develop  es  m  a  different  manner  from  the  intermediate  portions  these  zones 
are  termed  the  i\  odes  the  intermediate  portions  the  Inl  modes  as  in  Charai.e'e  Equs 
setacea;  and  Grasses  If  the  stem  rema  ns  entirely  undeveloped  bet  veen  the  node 
it  possesses  no  proper  exposed  surface  but  is  ei  tirelj  covered  b)  the  leaf  nsertions 
as  in  Nephodium  Ftltx  ma  but  moie  commonij  this  s  only  apparenilj  so  from 
the  interno  les  being  very  short  as  in  man)  palm  stem*  The  intern  de  mav  be 
f  resent  immediatel)  after  the  first  formation  of  the  leaves  when  ihe  coisecutive 
leaves  or  leif  whorls  appear  at  consid  rible  distances  in  he  ght  from  one  another 
as  m  Char  1 '  and  Z  a  (Fig  117}  or  the)  1  lav  <"  f,  nate  only  after  further  de  elop 
ment  of  the  stem  tissue  as  in  Mos  es  (Fig  116)  ind  Equisetice'^  where  every 
sej,ment  of  the  af  cal  cell  of  the  stem  forms  a  rudiment  of  a  leaf  so  th^t  the 
leaf  rudiments  follow  immediitely  cne  after  another  and  it  is  onl)  by  further 
cell  formation  growth  and  lifferentaton  that  the  lover  portions  of  the  segment 
become  devel  ped  nto  the  exposed  pirtrns  of  the  surface  of  the  stem  as  is 
clearly  shown  in  Fig  116  The  formation  of  a  bud  in  the  way  described  above 
does  not  take  place  when  on  the  one  hand  the  leaves  are  developed  very  slowly 
one  after  another,  or  on  the  other  hand  when  the  stem  grovvs  rapidly  in  length 
between  the  vounge^t  leaf  rudiments  or  even  before  the  appearance  of  the  youngest, 
so  that  there  is  alwa>s  only  one  shghtl)  devebped  leaf  near  the  apex,  as  in  the 
underground  creeping  shoots  oi  Pitt  is  ajuthni  (see  Book  II,  Ferns). 

a  fact  universally,  thai  the  eortes  belongs  originally 
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(7)  Every  Leaf  assumes  a  form  different  io  thU  of  the  Sltm  ikich  proiu  Si  t!  itii 
to  thai  of  its  lateral  Shoots.  This  is  usually  so  conspicuous  that  no  further  descrip 
tion  is  needed.  Nevertheless  one  point  must  be  mentioned  \(hi(,h  often  cau-^es 
difficulty  to  the  student.  It  not  unfrequently  occurs  that  lateral  shoots  of  certain 
plants  present  a  great  similarity  in  form  and  physiological  properties  to  the  foliage 
leaves  of  other  plants,  as  the  flat  lateral  shoots  (phyllocladea)  which  hear  the  flowers 
in  Ruscm,  Xylophylla,  MUhlmheckia  plaiydada,  &c  but  the  cour=;e  of  development 
shows  that  these  apparent  leaves  must,  from  their  position  be  lateral  shoots  them 
selves  producing  leaves ;  and  the  leaves  of  these  plants  are  usually  of  qu  te  a  dif 
ferent  form  from  these  leaf-hke  branches.  The  phrase  ieif  like  has  in  these  uses 
usually  no  distinct  morphological,  hut  only  a  populir  meaning  and  what  will  he 
said  under  paragraph  (8)  may  be  applied  here.  The  tranches  or  leaf  bearing  lateral 
shoots  arise  in  very  different  ways  in  different  pknts  but  very  commonly  they 
have  (his  in  common  with  leaves, — that  they  orig  nate  ■»lso  as  lateral  and  evogtnous 
outgrowths  in  the  primary  meristem  of  the  grow  ng  point  that  they  are  formed 
like  the  leaves,  in  acropetal  succession;  and  that  the  d  fferentiation  of  their  tissue 
proceeds  continuously  with  that  of  the  primary  shoot  Thev  are  d  stmgu  shed 
however,  from  the  leaves  of  the  same  plant  by  their  place  of  origin  by  their 
much  slower  growth — at  least  at  first  (later  they  may  overtake  the  leaies) — and 
by  their  relations  in  point  of  symmetry,  of  which  we  shiU  speak  hereifter  The 
leading  fact,  however,  is  that  the  lateral  shoot  repeits  in  ilself  by  the  formation 
of  leaves,  aU  the  relations  hitherto  named  between  leaf  and  stem  an  1  is  there 
fore  a  repetition  of  the  primary  shoot,  although  m  other  pbj  siological  characters 
it  may  differ  greatly  from  it. 

(8)  The  morphological  conceptions  of  Stem  and  Letf  are  conelati  e  one  cannot 
be  conceived  without  the  other;  Stem  (Caulome)  is  merely  that  which  bears  Lea\eSj 
Leaf  (Phyllome)  is  only  that  which  is  produced  on  an  axial  structure  in  the  manner 
described  in  paragraphs  (r-;)^  All  the  distinguishing  characters  which  are  ap- 
plicable to  the  definition  of  Caulome  and  Phyllome  express  only  mutual  relationships 
of  one  to  the  other ;  nothing  is  implied  as  to  the  positive  properties  of  either.  If 
we  compare  together  all  the  structures  which  we  call  leaves  without  reference  to 
the  stems  to  which  they  belong,  we  shall  be  unable  to  find  a  single  characteristic 
which  is  common  to  them  all  and  which  is  wanting  in  all  sterns^.  But  that  which 
is  common  to  all  leaves  is  their  relation  to  the  stem.  Hence  the  ideas  Phyllome 
and  Caulome  cannot  be  obtained  by  comparing  together  the  positive  properties 
of  leaves  or  the  positive  properties  of  stems,  or  by  laying  stress  on  the  points 
which  they  have  in  common  and  on  those  wherein  they  differ;    but  these  ideas 


'  There  are,  for  instance,  thallomes  strikingly  similar  to  certain  leat-formi,  ai  those  of  Lami- 
naria,  SeUsseria,  &c. ;   they  are,  however,  not  leaves,  since  they  are  not  formed  on  a  stem  as 

'  [Warming  (Ramification  des  Phanerogames,  p.  xvii)  remarks  tliat  while  it  is  impossible  to  find 
constant  characters  for  separating  phyllomes  from  caulomes,  they  spring  from  the  petipheial  tissue 
at  slightly  different  depths.  Phyllomes  originate  in  the  snperficial  layers  of  the  periblem,  from  the 
first  to  the  third;  feebly  developed  foliar  organs,  such  as  btacts,  even  in  the  first  layer  alone. 
Caulomes  scarcely  ever  originate  in  the  ftrst  layer,  but  usually  in  the  third  or  fourth.  Warming 
attributes  this  to  the  necessity  for  the  largest  structure  to  have  the  deepest  origin.] 
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are  oLtiinel  b*  ob'iemng  leases  exclusnelj  in  their  relation  I  the  lem  whiLh 
produces  them  and  stems  in  lelation  to  the  iea\es  produced  fiom  them  In  other 
words  the  express  ons  Stem  and  Leaf  denote  onlj  certim  relationships  of  the  pwts 
of  a  whole— the  Sho^l  tie  greater  the  differentiation  the  more  clearlj  are  Stem 
and  Leaf  distinguished  The  measure  of  the  difference  is  u'lualh  irbitrar\  but 
if  we  confine  ourselves  lo  thobe  plants  to  which  the  term  leaf  is  apphed  m  ordinary 
laneuij,e  the  distinclion  of  leaies  from  stem  depends  on  the  relationships  named 
in  paragraphs  (1-7)  and  m  this  sense  certain  lateral  outgrowths  m  some  AlgEe 
ma)  be  termed  Leaves  and  the  axial  structures  which  produce  them  Stems  (c  g 
Chiricese  Sargassum)  But  when  the  difference  between  the  outgrowths  and  the 
a\ial  structures  which  produce  them  is  less  one  or  more  of  the  relationsh  ps  named 
in  paragraphs  (1-7)  disappear  and  it  become  doubtful  whether  the  efpressions 
Leaf  and  Stem  ought  still  to  be  used  and  when  finally  the  sim  lantj  preponderates 
the  whole  shoot  is  no  longer  called  a  Leafj  Stem  but  a  Thallome  A  branched 
thillome  has  the  ';ame  relation  to  a  leaf  bearing  stem  a-'  a  si  ghtlj  differentiated  to  a 
hghl)  differentiited  whole 

The  external  differentiation  of  the  members  of  the  shoot  nto  Stem  and  Leaf 
IS  to  a  certain  extent  independent  of  the  internal  differentiation  which  brings 
about  the  different  forms  of  tissue  and  the  cell  dms  ons  as  is  shown  m  the 
comparison  of  Muscinet  and  Cha  acc'C  with  rhinerof,ains  The  m  ernol  set; 
mentation  may  be  reduced  to  a  minimum  of  cell  d\isions  or  may  altogether  dis 
appear  m  the  latter  c^se  the  sm^le  cell  represents  a  shoot  the  literal  outgrowths 
of  which  behaie  is  lewes  and  the  a\ial  j  irt  as  sttm  as  for  example  in  Caukrpa 
amongst  \ltEe  \\  hat  has  alreadv  been  sa  d  as  to  tht  cont  nuitv  of  the  lis'iue 
of  ble  n  ind  leaf  ind  their  common  trigm  from  the  pnmarj  meristem  must 
here  be  unkr  tood  in  an  exlendci  'icnse  In  place  of  the  primary  meristem  we 
have  the  growmg  point  of  a  single  cell  continumg  its  growth  and  instead  of 
the  differentiation  of  tissue  the  development  of  the  older  pirt  of  the  cell  wall 
and  of  it^i  contents  Ciulerpa  consist  of  a  single  cell  wh  ch  grows  like  a 
creep  ng  stem  and  puts  mt  lateral  leaf  like  protubeianees  an  1  tubuhr  hiirs  which 
even  perform  the  function  of  roots  the  whole  enclosing  a  cintinuous  cell  ca\  ty 
without  partition  walls ^ 

Ci)  The  leaves  like  the  shoots  grtw  it  first  it  the  apex  1  e  it  the  end  opposite 
the  place  1  their  irigin  This  apicai  growth  cont  nues  indehniteij  m  manj  thallomes 
and  leat  bearing  a^tes  until  checked  bj  si"  me  exterml  cause  this  is  especially  the  ease 
in  the  prin  ar)  shoots  of  Fucaccte  pleurocarpous  Mosses  Characes;  the  rhizomes  of 
Equisetaci-ie  Ferns  and  the  pr  marj  stems  ot  Conifene  and  of  many  \ngiosperms  If 
the  primary  shoots  themselves  bear  organs  of  reproduction  the  apical  growth  generally 
ceases  with  their  development  as  in  manj  acrocarpous  Mosses  the  fertile  stems  ot 
Equisetaeeie  the  hailms  of  grasses  wh  ch  bear  the  inflorescence  and  in  all  cases  in 
Angiosperms  where  i  primary  shoot  ends  in  a  flower  The  lateral  shoots  are  usually 
ot  limited  growth  the  growth  frequentlj  ceases  v\ithout  arj  external  cause  more 
especially  when  they  bear  rej  reductive  organs  or  becon  e  transformed  into  spines  or 
are  verj  different  in  the  r  shape  from  the  primary  shoot  as  the  horizontal  lateral 
branchlets  of  man)   Loniteia;    the  leal  1  ke  shoots  (ph) Uociades)  of  Pbyllocladus     Xjle 


Sce^aEel    Ze  tsi.h    f t  fu       isse    ghanhcl  e  Tot 
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In  l>  f      th    g      t  mber  of  leaves  the  apical  growth  ceases  early,  the  apex 

itself  b  g  t       f        d     t    permanent  tissue.    In  Ferns,  however,  the  apica!  growth 

of  th    I  lly         t  and  in  many  genera  is  even  unlimited,  the  apex  of  the 

leaf     1      )         m         g       p  bl     of   development,  and   not   becoming  transformed   into 
perm         t  t  AfpA    lefii ;  in  Gleicbetiia,  Merteiuia,  Lygod'mm,  and  Guarea,  the 

growth     f  th      p         f  th    I     f  is,  as  in  many  shoots,  periodically  interrupted,  and  again 
renewed  )n  each  period  of  growth. 

(b)  Besides  the  apical  growth,  there  always  exists,  however,  both  in  stems  and  in 
leaves,  an  interstitial  growth,  by  which  the  parts  produced  by  the  apical  growth  Increase 
in  size  and  become  further  developed.  The  development  of  the  internodes  of  the  stem 
depends  almost  exclusively  on  this  interstitial  growth,  as  indeed  is  shown  by  the  crowded 
position  of  the  leaves  and  the  shortness  of  the  internodes  in  the  bud ;  it  is  generally  at 
first  very  rapid,  and  the  increase  in  size  occasioned  by  it  is  often  very  considerable;  but 
it  usually  soon  ceases,  and  the  tissues  become  dlffe  t'td't  hggpm  t 
forms.  Not  unfrequently,  however,  a  basal  zone  of  th  t  d  (as  G  se  £g 
ietum  hyemak,  &c,),  and  in  many  cases  the  base  of  th    1    f    Is                     f         1     t,  t 

in  a  condition  capable  of  development,  while  the  p  rt  t     th      p        I  ng 

transformed  into  permanent  tissue,  have  attained   th        1  11  g       th      I      this  m 
a  secondary  basal  increase  in  length,  often  conti        g  t         '     g  t  as       d 

in  parts  which  have  long  ceased  to  grow  above ;  th  rs  p      1     Ij  m    k  d 

manner  in   the  long  leaves  of  many  Monocotyled         (G    is        LI        <e     t    )      h    1 
are  sheath-!ike  in  their  lower  part,   and   to  a  sm  11      d  g  ee         m     y  D      tjl  d 
{e.g.  Umbellifers).     Where,  as  in  Ferns,  and  inal  dg  jp        ties 

of  Dicotyledons,  the  apical  growth  long  remains      t        th    has  1     t     1 1   I  gr     th 
usually  soon  ceases,  and,  vice  -versa,  continues  the  1     g      th  1        th      p      1  gr     -th 

comes  to  an  end.    Two  extreme  cases  may  therefo     b    d  t    g     h  d      1  1th    gh 

closely  connected  by  intermediate  forms;  the  pred  m        tly    p      1       d  th     p    d  m 
nantly  basal  growth, 

If  the  interstitial  growth  continues  at  one  part  of  the  surface  of  the  leaf,  and  attains 
there  a  maximum  which  then  decreases,  a  bag-like  projection  of  the  surface  of  the 
leaf  is  formed,  which  is  termed  a  S^r,  such  as  occurs  in  many  petals,  as  Aquilegia, 
Dkentra,  &c. 

(c)  Before  the  tissues  which  are  differentiated  from  the  condition  of  primary 
meristem  assume  their  definite  forms,  a  rapid  growth  usually  takes  place  in  their  cells, 
which  is  no  longer  accompanied  by  cell-division ;  the  size  of  the  cells  is  not  unfrequently 
increased  by  this  means  ten  or  even  a  hundred-fold  and  more.  This  process,  which  is 
mainly  dependent  on  the  rapid  increase  of  the  watery  sap,  may  be  termed  Exteniion,  In 
contradistinction  to  the  growth  of  the  younger  cells  which  is  connected  with  their 
divisions,  and  which  always  precedes  the  extension.  On  this  extension  depends  the 
rapid  unfolding  of  the  parts  of  the  bud,  which  had  long  before  assumed  their  main  out- 
lines, but  had  remained  small.  The  buds  very  often  remain  a  long  time  in  a  condition 
of  rest,  until  a  rapid  unfolding  of  the  leaves  and  internodes  already  formed  suddenly 
takes  place;  as,  for  instance,  in  the  germination  of  many  seeds,  and  in  the  persistent 
buds  of  many  trees  (horse-chestnut),  bulbs  (tulip),  and  corms  (crocus,  &c.),  formed  in 

r  and  germin  t'g'th     p'gfi     1     g      t'       't 

11  f  rth  be  shown  in  a  special 
f  th  b  to  the  apes.  The 
St  p  d  the  direction  of  this 
tl    J  broad  or  thick.     In 

m  t  they  assume  therefore 
metimes  the  case  that 
the  growth  in  length  advances  much  more  slowly  than  that  in  diameter;  and  then  the 
stem  becomes  tabular  or  Rat,  as  in  many  bulbs,  the  corm  of  the  crocus,  and  especially  in 
Isoetei.     It  is  only  in   the. lateral   shoots  of  higher  plants  which   have  a  very  hmited 
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growth  that  the  internodes  expand  in  a  plane  which  also  includes  the  axis  of  length,  and 
thus  become  leaf-like,  as  in  Ruitus,  Xylo^ihylla,  &c. 

In  leaves  the  principal  growth  is  usually  in  a  plane  which  cuts  the  stem  transversely, 
and  is  mostly  symmetrical  right  and  left  of  a  plane  which  includes  the  axes  of  length 
both  of  the  leaf  and  the  stem ;  the  common  form  of  leaves  is  therefore  that  of  thin 
plates  symmetrically  divided  in  half  In  the  direction  of  their  length.  There  occur, 
however,  cylindrical  and  roundish  tuber-lifce  leaves,  in  which  the  growth  has  been  nearly 
equally  rapid  in  all  diameters  at  right  angles  to  the  axis  of  the  leaf,  as  in  Meiembryan- 
thsmurti  eci/inalam'. 

Sect.  22.  Hair  (Triehome)^  is  the  tenn  given  in  the  higher  plants  to 
those  outgrowths  which  arise  only  from  the  epidermis,  i.e.  from  the  layer  of  cells 
which  always  remains  the  outermost  in  roots,  stems,  and  leaves,  whether  these 
outgrowths  assume  the  form  of  simple  tubular  protuberances,  rows  or  plates  of  cells, 
or  masses  of  tissue,  or  have  the  physiological  character  of  woolly  envelopes  of  the 
young  leaves,  root-like  absorbing  organs  as  in  Muscinete,  glands,  prickles,  or  spo- 
rangia Rs  in  Ferns  '. 

Hairs  may  originate  from  the  primary  meristem  of  the  growing  point,  or  from 
young  leaves  and  lateral  shoots,  if  an  external  layer  of  cells  has  already  been 
differentiated  as  dermatogen,  as  in  Phanerogams;  but  they  may  originate  also  in 
much  older  parts  the  tissue-systems  of  which  have  already  become  further  differ- 
entiated, and  which  exhibit  interstitial  growth,  because  in  such  cases  the  epidermis 
produces  new  cells,  for  example  stomata,  and  long  remains  capable  of  ceil- division. 

When  hairs  spring  from  the  growing  point,  they  are  usually  formed  after  the 
leaves,  t.  e.  further  from  the  apes  than  the  youngest  leaves ;  but  it  also  occurs  in 
Phanerogams  that  they  are  developed  above  the  youngest  leaves  and  nearer  to  the 
apex,  the  outermost  layer  of  cells  of  the  growing  point  having  in  this  case  already 
become  differentiated  as  dermatogen,  as  in  Ulricularia  according  to  Pringsheim. 
In  MuscineEe  and  Vascular  Cryptogams  also,  where  the  leaves  become  visible  long 
before  the  differentiation  of  the  external  layers  of  tissue,  the  hairs  do  not  appear  on 
the  surface  of  the  stem  till  a  later  period  and  further  from  the  apex. 
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of  the  two  halves  sepaiated  by  the  axial  plane,  as  in  Ihe  lime,  Begonia,  See] 

'  Ranter,  Zur  Enlwickelungsgeschichte  einiger  Trichomgebildc.  Vienna  1871,  p.  33. — Compare 
also  Sects.  15  and  19  (b). — Waiming,  Sur  la  difference  entre  les  trichomes  et  les  epiblastfmes,  d'un 
ordre  plus  ^lev^  (extract  fiom  the  Videnskabelige  Meddelelser  de  la  sodete  d'Hist,  Nat.  de 
Copenhagne,  nos.  lo-Ii,  1871. 

'  [Hairs  may  develope  into  adventitious  buds,  as  in  Begonia;  see  Caruei,  Trasfornmzioiie  di 
peli  in  gemme,  Nuov,  Giorn.  Bot.  Ital.,  July  [875.] 
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(a)  The  woolly  and  glandular  hairs  on  buds  are  distinguished  by  a  remarkably 
rapid  growth ;  they  are  often  perfectly  formed  long  before  the  parts  of  the  bud  unfold, 
but  then  they  generally  die  off;  the  persistent  hairs  which  remain  during  the  life  of 
the  leaves  are  formed  much  more  slowly,  and  are  marked  by  a  great  variety  of  form. 
The  root-hairs  are  formed  at  a  considerable  distance  from  the  growing  point  of  the 
root,  often  from  i  to  a  cm.  from  the  apex,  and  mostly  die  off  after  a  few  days  or 
weets,  so  that  the  older  parts  of  the  roots  of  even  annual  plants  are  destitute  of  living 
hairs.  The  existence  of  these  hairs  is  connected  with  the  activity  of  the  roots  in  the 
ground. 

The  root-hairs  which  spring  from  the  stems  of  Mosses  are  marked  by  a  very  long 
continued  apical  growth,  and  often  by  repeated  branching.  They  consist  of  cells  divided 
into  rows  by  oblique  septa,  and,  viewed  physiologically,  replace  the  root-system  of 
vascular  plants.  These  root-hairs  of  Muscineie  are  remarkably  endowed  with  generative 
power,  and  behave  in  many  resptccts  like  the  Protonema,  a  means  of  propagation  pecu- 
liar to  Muscine^;  like  it,  they  produce  gemmx,  which,  when  exposed  to  light,  grow 
into  leafy  stems.  If  the  root- hairs  themselves  are  exposed  to  the  air  (e.g.  by  turning 
up  a  sod)  they  put  out  rows  of  cells  containing  chlorophyll,  on  which  also  gemmse 
are  produced, 

(b)  Thallophytes,  when  they  consist  of  a  mass  of  tissue,  also  form  true  hairs,  like 
Cormophytes ;  but  when  the  thallome  consists  only  of  one  layer  of  cells,  or,  like  CauUrpa 
and  others,  is  unicellular,  one  can  no  longer  speak  of  an  external  layer  corresponding  to 
the  epidermis;  and  its  hair-like  outgrowths  cannot  therefore  be  considered  as  trich'omes 
in  the  same  sense  as  those  of  the  higher  plants.  Nevertheless  it  is  customary  to  speait  in 
such  cases  also  of  hairs,  when  the  outgrowths  are  long  and  slender,  destitute  of  chloro- 
phyll, and  otherwise  dissimilar  to  the  thallus  which  produces  them.  On  the  other  hand 
structures  occur  tn  highly  organised  plants  which  are  closely  analogous  to  many  forms  of 
hairs  in  their  physiological,  and  partly  also  in  their  morphological  properties,  but  which 
differ  from  true  hairs  in  not  originating  from  single  epidermal  cells,  but  consist  of 
outgrowths  of  the  tissue  which  lies  beneath  the  epidermis,  remaining  however  covered 
by  a  continuation  of  it.  Examples  of  such  structures,  which  may  perhaps  be  dis- 
tinguished by  the  term  Emergences,  are  afforded,  according  to  Rauter,  by  the  prickles' 
and  glandular  hairs  of  roses,  and  perhaps  also  of  the  rarious  species  of  Riibui.  Closely 
related  to  these  are  probably  the  warts,  tubercles,  and  knobs  on  the  sur&ce  of  many 
fruits  (according  to  Warming,  for  example,  on  the  fruit  of  Datura  Stramonium,  and, 
according  to  my  own  observations,  on  that  oi  Ercinus).  To  the  same  category  belong 
the  'beards'  of  many  petals  (according  to  Warming,  e.g.  those  of  Menyanties  trifoliata)  \ 
the  '  tentacles '  on  the  leaves  of  Drojera,  the  sharp  hairs  beneath  the  calyx  of  Jgrimcnla 
Eupatorium,  the  pappus  of  Composite  &c.  Larger  emergences  of  this  nature  may  even 
be  penetrated  by  branches  of  the  vascular  bundles  from  the  organs  which  produce  them, 
as  in  Drosera,  Datura,  &c.  They  resemble  the  leaves  and  branches  of  Phanerogams  in 
their  origin  and  mode  of  formation,  while  they  agree  with  hairs  in  the  late  period  at 
which  they  are  produced,  their  occurrence  on  stems  and  leaves,  and  their  frequently  irre- 
gular distribution  both  as  respects  one  another  and  the  organ  on  which  they  grow.  The 
classification  adopted  by  Warming  (/.  i-.  p.  27),  ii!z.  including  emergences  under  the  term 
trichome,  and  dividing  this  class  of  structures  into  two  sub-classes,  hairs  and  emergences, 
seems  to  me,  if  not  false,  at  all  events  inconvenient;  because  it  becomes  impossible  to 
give  any  exact  definition  to  the  term  trichome.  The  fact  that  emergences  constitute  a 
transition  between  trichomes,  in  the  stricter  sense  of  the  terra,  and  leaves  or  secondary 
axes,  does  not  justify  including  them  under  the  former  term ;  they  might  as  well  be 
treated  as  branches  of  leaves  or  of  stems.  If  the  occurrence  of  transitional  structures 
were  held  to  prevent  our  distinguishing  certain  groups  of  members  sharply  from  one 
another,  then  the  distinction  must  be  abandoned  between  phyllome  and  caulome,  or 

'  On  spines,  which  must  not  be  confounded  with  prickles,  see  Sect.  28. 
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between  caulome  and  root,  since  transitional  structures  occur  also  in  these  cases.  The 
occurrence  of  these  transitional  structures  in  nature  is  in  Itself  a  reason  for  framing  exact 
iJefiniCions.  Definitions  are  not  in  themselves  objects;  but  are  means  for  arranging 
objects,  and  for  enabling  us  to  understand  them. 

Sect.  23.  The  term  Boot'  is  applied,  in  botanical  morphology,  in  contrast 
to  its  use  in  popular  language,  only  to  such  outgrowths  of  the  substance  of  the 
plant  as  are  clothed  at  their  growing  apex  with  the  Rooi-cap  already  described  in 
Sect,  19.  Soots  do  not  form  leaves  or  other  exogenous  foliar  structures;  their 
epidermal  cells,  on  the  contrary,  generally  develope  into  long  tubular  appendages, 
the  Root-hairs.  The  apex  of  every  root  which  is  just  beginning  to  be  formed  lies 
beneath  the  surface   of  the    organ   from  which    it    proceeds^;    it  is   then  usually 


covered  with  thick  layers  of  tissue,  which  it  breaks  through  in  its  further  growth. 
Hence  roots  are  always  endogenous  formations,  by  which  character  they  are  dis- 
tinguished from  all  trichomes  and  leaves,  and  from  most  lateral  shoots. 

'  mgeli  ond  Leitgeb  in  Nageli's  Beitragen  zur  wissen.  Bot.,  Heft  IV,  1867.— Hofmelster, 
MorpJiologie  der  Gewebe.  Leipzig  18&8,  Sect.  5. — Hanstein,  Botan.  Abhandluiigen.  Bonn  1870, 
Heft  I. — Dodel,  Jahrb.  fur  wiss.  Bot.,  vol.  VII.  p.  149  a  seg. — Reinke,  Wachsthumsgesehichte  der 
Phanerogamenwurzel,  in  Hanslein's  Botan.  Untersuchungen,  Heft  III.  Bonn  1871. — Van  Tieghem, 
Recherches  sur  la  symetrie  de  la  structure  des  plantes  yasculaires,  Fasc.  1,  La  racine,  Paris  1871 ; 
(also  in  Ann.  des  Sci.  Nat.,  5th  ser..  vol.  XIII.  1871.) 

'  I  choose  this  expression  because  it  appears  also  to  fit  the  primary  root  of  (he  embryo  of 
Vascular  Cryptogams. 
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Rows  occur  only  in  those  plants  thfe  tissue  of  which  is  traversed  by  fibro- 
vasCular  bundles,  and  they  themselves  therefore  always  contain  fibro- vascular 
bundles  ;  but  these  latter  differ  from  those  of  the  stem  and  leaves  in  the  first 
vessels  being  formed  near  the  circumference  of  the  bundle,  while  the  later 
ones  are  always  formed  further  inside,  and  hence  centripetally  in  reference  to 
the  diameter  of  the  root.      The  phlofim-bundles  lie  in  the  intervals  between  the 


primary  vascular  bundles  at  the  circumference  of  the  fibro-vascular  cylinder  (see 
Sects.  16,  18.) 

Ahhough  roots  are  commonly  present  in  vascular  plants,  i.  e.  the  higher 
Cryptogams  and  all  Phanerogams,  there  occur  even  in  these  groups  particular  species 
from  which  they  are  entirely  absent.     Thus  among  Rhizocarpeje  the  genus  Salvinia, 
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among  Ljcipodiace^  the  genus  Pstloium  among  Orch  deK  Epipo^um  Gm  hni  and 
Curallorhi,!  itmah  are  destitute  of  roots  the  httle  Lemm  (W  Iffia)  atrhtza  does 
not  form  roots  and  s  it  the  same  time  de  titute  of  \  ascular  bundle'- 

With  reference  to  the  pJ'ice  of  their  formmon  roots  are  remir]iablj  \ariable 
A  root  IS  usuallj  present  even  in  the  joung'  embryo  which  proceeds  from  the 
fertihsed  oiule  (but  net  in  Orchideie)  it  appears  it  the  posterior  end  of  the  em 
brjonal  stem  and  ma)  bp  termed  the  Primary  R  at  wheth  r  it  remims  weaki) 
and  soon  dies  as  in  Crjptogams  and  Monocot* ledons '  or  whether  it  continues 
to  grow  more  v  gorouslj  hke  the  rest  a^  in  many  Dicotjledons  But  besides  the 
primary  roots  there  are  usuiUj  formed  in  add  tion  a  large  number  of  S  condaty 
R  els  or  « mplv  Roots  siolc  thej  are  enormo  isli  more  numerous  than  the 
primarj  roots  and  of  much  greater  importincc  to  the  plant  1  spec  ai  name  is 
superfluous  where  the  contrast  to  the  [rimary  root  is  not  of  importance  Thej 
arise  m  the  intenoi  of  the  primarj  or  secondary  roots  and  on  stems  and 
petioles.  The  primar)  rcot  with  its  secondirj  roots  or  any  root  with  its  lateral 
roots  maj  be  termed  1  R  0/ sysiem  Wuh  the  exception  l1  man}  Dicotyledons 
with  a  periistent  itrongly  deieloped  pnmars  root  the  major  t}  of  roots  spring 
from  stems  especially  when  these  latter  creep  float  chmb  or  form  bulbs  or  tubers 
In  Tree  ferns  the  stem  is  often  densel)  cohered  throughout  its  whole  length  with 
a  felt  of  deliLate  roots  In  Ferns  with  denseh  crowded  leases  in  which  no  portion 
of  the  surface  of  the  stem  is  left  bare,  the  roots  spring  exclusnel)  from  the 
petioles  as  for  example  in  NtpArodtum  Ftli^,  mis  iipUmum  Fihxf<£mina  C  ra 
iopitris  thill  ir Old s  &c  sometimes  the  fronds  put  out  roots  as  in  M  rknsia^ 
W  hen  the  stem  possesses  clearly  developed  nodes  and  mtirnodcs  the  roots  usually 
spring  from  tht  former  thus  for  example  e\clusi\clj  from  the  nodes  in  Equise 
taceffi,  and  most  Lommonly  so  m  Grasses. 

Roots  owe  their  origin  either  to  the  primary  meristem,  or  to  partially  differentiated 
masses  of  tissue,  or  finally  to  a  secondary  meristem  enclosed  between  layers  com- 
pletely differentiated.  The  primary  roots  of  embryos  arise  from  quite  undifferentiated 
primary  meristem;  the  lateral  roots  of  Crjptogams  as  Nageli  and  Leitgeb  have 
shown,  originate  near  the  growing  point  of  roots  wheie  the  differentiation  of  their 
tissues  first  begins;  and  with  Phanerogams  the  same  is  the  case  But  stems  may 
also  produce  roots  near  their  growing  point,  where  the  differentiation  of  the  primary 
meristem  first  commences ;  this  occurs  in  the  case  of  the  creeping  stems  of  Rhizo- 


'  [On  the  primary  root  of  Monocotyledons,  wliich  disappears  at  an  early  period,  see  Falkenberg, 
Vergleichende  Untersuchungen  iiber  den  Bau  der  vegelationsorgane  der  Monocotyledonen.  Stutt- 
gart i8;6.] 

'  A  leaf  of  Phoicolus  tnulliflonis  cut  off  at  the  pnlvinus  and  placed  in  water  developed  from  the 
callus  an  abundant  root-system,  and  remained  living  for  some  months.  [The  leaves  of  Ficus  elaslica 
behave  in  the  same  way.]  According  £0  Van  Tieghem,  the  cotyledons  of  the  sunflower,  scarlet 
runner,  Cucurbila  maxima,  Mirabilis  Jalappa,  Sec.,  when  laid  on  damp  moss  in  a  temperature  of  from 
23°  to  ?5°  C,  produce  in  a  few  days  a  number  of  roots  ;  and  this  takes  place  even  if  the  cotyledons 
are  cut  into  small  pieces,  the  roots  then  proceeding  from  the  sections  of  the  vascular  bundles.  I  have 
myself  seen  a  seedling  of  Cucurbila  covered  up  too  thickly  with  earth  put  forth  long  roots  from  its 
cotyledons.     See  further  Dodel,  Jahrb.  fur  wiss.  Bot,  vol.  VIII.  p.  t??. 
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carps  and  in  PUn's  aquilina.     Roots  are  formed  out  of  a  secondary  meristem  much 
further  backwards  from  the  growing  point,  where 
the  tissue  is  already  completely  differentiated,  in 
older   portions   of  stems,  and   especially  when 
mutilated,  or  when  kept  dark  and  damp. 

The  order  of  development  of  the  secondary 
roots  is,  according  to  Nageli  and  Leitgeb,  dis- 
tinctly actopetal  in  the  primary  roots  of  Crypto- 
gams, where  they  arise  near  the  apex;  new  roots 
are  probably  never  formed  in  these  plants  be- 
tween those  already  in  existence.  The  same  is 
probably  always  the  case  where  roots  are  pro- 
duced in  the  primary  meristem  or  near  the  grow- 
ing point  of  the  stem,  as  in  Pilularia,  Marsiha, 
Cereus,  &c.  But  even  where  their  origin  is 
further  from  the  apex,  as  with  the  lateral  roots 
from  the  primary  root  of  Phanerogams  and 
from  many  stems,  such  as  the  maize,  they  gener- 
ally appear  in  acropetal  order ;  but  owing  to 
subsequent  disturbance  roots  may  arise  adven- 
titiously, t.  e.  in  abnormal  positions,  especially  on 
older  primary  roots  of  Dicotyledons. 

Secondary  roots  usually  make  their  appear- 
ance on  the  exterior  of  the  fibro-vascular  bun- 
dles ;  the  fibro-vascular  bundle  of  the  secondary 
root  is  then  placed  at  right  angles,  or  nearly  so, 
to  those  of  the  mother-root;  the  cortex  is  then 
only  incompletely  continuous  with  that  of  the 
latter,  the  epidermis  not  at  all  so.  The  case 
-is  different  in  the  primary  roots  of  embryos, 
which  are  formed  early  and  mostly  so  near  the 
surfece  of  the  embryo  that  a  complete  con- 
tinuity is  possible  in  all  the  tissue -systems  be- 
tween stem  and  primary  root ;  but  in  Grasses 
and  some  other  Phanerogams  the  first  root 
arises  so  deep  in  the  interior  of  the  substance 
of  the  embryo  that  it  is  covered,  in  the  fully 
developed  embryo  of  the  ripe  seed,  by  a  thick 
layer  of  tissue  (Fig.  124,  ws),  which  is  ruptured 
on  germination  (Fig.  133,  ws),  and  is  known  by 
the  name  of  Rooi-shmih  or  Cokorhiza.     Similar       ^  __     __ 

formations  occur  also  in  the  first  lateral  roots  of    sss,;i^f™1.fBSfr^^S''!kl?';°S.^! 
seedlings  of  Allium  Cepa,  and  occasionally  else-     rthi"ii^°nt^t^eta6Urf'nSi"t^d^ 
where.     But  in  other  cases  the  secondary  roots     ^^\  %  f'^^'^e'V^'i^^li' 
which  are  form_ed  deeper  in  the  tissue  simply  split     '"""*'  """■ 
the  layers  of  tissue  which  cover  them,  and  project  from  a  two-lipped  chink, 
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m  a  d    y  indrical ;    their  section  is  usually 

p       u  e      It  is  only  when  roots  undergo 

a       o  dary  increase  in  thickness,  and  serve 

e  voirs   for   reserve-material,    as   in 

n  D  cotyledons  and  some  Monocoty- 

do        hat  the  original  filiform  shape  is 

into  the  fusiform  or  into  tuberous 

n^  ,  as  in  the  turnip,  the  tuberous 

o    s  o    he  dahlia,  Bryonia.  Asphodelas,  &c. 

Roots   rarely  form   chlorophyll,   and 

n   h  n,  as  in  Menyanihes,  only  in  small 

quaa     es  ;  usually  they  are  quite  colour- 

s  only    when    they   grow   in   the 

M,    un     but  also  in  water  or  air. 

A  secondary  basal  p^rowth  appears  never 
to  occur  in  roots,  as  it  does  in  many 
leaves  and  internodes  when  the  regions  near 
the  apex  have  already  been  transformed 
into  permanent  tissue.  Interstitial  growth 
behind  the  apex  often  continues,  however, 
^  time  {in  Lycopodiacese  accord- 

ing to  Nageli  and  Leitgeb) ;  the  extension 
of  the  tissue  commences  immediately  behind  the  terminal  part  of  the  root  formed 
of  primary  merJstem,  an  arrangement  by  which  the  elongation  of  the  roots  in  the 
ground  is  essentially  assisted. 

(a)  The  primary  root  of  the  embryo  of  most  Phanerogams  gives  the  impression  of 
being  entirely  esogetious,  as  if  its  apex  were  the  actual  posterior  termination  of  the 
'  embryonal  stem ;  but  its  first  origin  is  endogenous ;  for  the  posterior  end  of  the  embryo 
is  originally  attached  to  the  'pro-embryo'  or  suspensorjn  Phanerogams,  and  the  primary 
root  is,  at  its  first  origin,  covered  by  this^.  There  was  formerly  some  doubt  as  to 
endogenous  origin  of  the  primary  root  of  Ferns  and  Rhizucarps ;  but  when'  it  is 
constituted  as  such  until  the  apical  cell  has  thrown  off  the 
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observed  that  the 
first  layer  of  the 
lies  from  rs 

(b) 
axial  fib 


d    t  th  t 
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X  of  the  n 

he  outside  of  its 
V  formation  com- 
e  of  the  vascular 
secondary  roots, 
ryptogams  (Ferns, 
ormer  the  roots 
h   surrounds   the 


^  ■"  m       esea  e  formation  of  the 

'  Compa  wings  m  R  B         11 

"'^^  <x  di  eg     m  ea  lateral  roots  are 

formed  in  the  mother -roots,  Ihe  roots  branching  dkhotomously,  and  the  growing  point  which  is 
enveloped  by  the  root-cap  splitting  into  two  growiHg  points,  each  of  which  forms,  its  own  root-cap 
(seeFig.  138,  p.i82). 
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fibro-rascular b     dl       hi        Ph         j,        th  j  p         d  f    m  th    pe      mb 

is  enveloped  by  th     pi      m      h    th  (        S    t       6      B)       I      th     Lrypt  g 

above  the  new         ts        g      t  h  t  k1     P  }        tl  11        d  th 

always  particula        11      f  ti      pi 

while  in  Phine    g  m        n  tb  tr 

the  production     f        h  nd     f 

plane  of  symmetry  of  the  second    y 

the  mother-root,  while  in  Phaner  gai 

at   least   when   the   mother-root        1 

bundles. 

In  Ferns,  Marsileaceic,  and  Eq 
cell  which,  becomes  seg- 
mented on  three  sides, 
and  contributes  the  cap- 

.  cells  to  form  tlie  root- 
cap  (Sect.  19),  the  for- 
mation of  the  lateral 
roots  commences  with 
eel! -divisions,  by  which 

.  a  three-sided  pyramidal 
cell  is  formed  with  its 
baseoutwardSjWhichbe- 
haves  as  the  mother-cell 
of  the  young  root.  These 
mother-cells  of  the  la- 
teral roots  lie  in  the 
plerome-sheath    of  the 

.  asial  bundle,  in  front  of 
its  groups  of  vessels, 
and  are  therefore  sepa- 
rated from  the  outer- 
most of  these  vessels 
by  the  pericambium. 
Further  transforma- 
tions take  place  sub- 
sequently in  the  peri- 
cambium, in  conse- 
quence     of    which     the  fig.  n;,— Mode  of  fonnaliim  of  IKc  IMcral  tool5  fiom  a  molher-rool  of  7>-a/a  imlaiu 

fibro-yascular    cylinder         ^,^5^tStd1a''i:.',fk^twS5ri'^'^'SlslT.^''c;™^^^^ 

alesces  with   that  of  the  layer  or  flanml-cap.*  its  dermaloKen,    O  scconJar,  rool  [n  a  tunher  slag' of  develop- 

mother-root.  This  does  SkwhtTui^piaJr™™™''*'"'''' "^'''' ""''""'°°'' ^ 

not  take  place,  however, 

in  Equisetacese,  where  there  is  no  pericambium. 

In  Phanerogams  it  is  also  the  general  rule,  as  has  already  been  mentioned,  for  the 
lateral  roots  to  originate  outside  the  vascular  bundles  of  the  mother-root.  An  excep- 
tion to  this  is  however,  according  to  Van  Tieghem,  afforded  by  Grasses,  since  these 
have  no  pericambium  exterior  to  the  vascular  bundles;  the  new  roots  originate  there- 
fore on  the  outside  of  the  phloem-bundles  which  lie  between  the  vascular  bundles  and 
exterior  to  which  pericambium  occurs.  The  phenomena  are  also  different  in  Umbelli- 
fene  and  Araliaces ;  a  secretion-canal  lies  here  in  the  pericambium  outside  each  (ibro- 
vascular  bundle  ;  and  the  lateral  roots  are  therefore  formed  midway  between  each  pair 
of  bundles,  and  therefore  outside  the  phloem -bundle. 

In   Phanerogams,  according  to   Reinke,   the  commencement   of  a   lateral   root    is 
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d      t   i  I  y  th      pi  tt    g     t  ral       11      f  tl      p  b  im  of  the  mother-root  by 

t     g     t    1       11  th  t    t       (k    d  d      t     tw     1  (f  E    125,  ^-     The  outer  layer 

mm  d   t  ly  1 1  t  d      t     d         t  g       (a^    wh    h     ft  rwards  forms  the  layers  of 

tl  tpbytgtld  htljof  cells  which  results  from 

th  I  y         f  th     d    m  t  1 1  tes      I  y        f  the  root-cap  {Cb).     The 

1  y         f      II     (^         )       h    I    f  th         ss  I       t  the  vascular  bundle   of  the 

m  th  t    th         1        pit      g  t     t        1  )   rs,  (B)         d  further  longitudinal  and 

t  d  VI  f  h        by     h    h  th    p   m  ry  m  n  t  m    f  the  young  root  is  formed. 

Th  dd         tpblmdplma=ybel     rly  seen  in  A  where /.jt  is 

th     p     bl  d        jH  th     has  I  p  rt  t  tl      pi      m     by  which  a  union  is  effected 

w  th  th     fib  sc  1        jh  d         t  th  th  t      Wh  1    the  young  root  lengthens 

m      h  t     bl  q     ly  t     th  f  th     m  th  t       d  d    vnwards,  it  compresses  the 

rt      1  t  (D)     th     pi       m      h     th  (ji  i)     )  t    d      rganisation  longest,  and,  at 

1  3bt    t  fi    t   f  II         th    gr  wth     t  th     y       g        t  ding  it  with  a  sheath  until 

td        ydFllthyg        tlgtl  dt     pex  protrudes  through  the 

rt     It  f th    m  th  L 

(c)  In  stems  lateral  roots  arise  either  from  the  mterfascicular  cambium  (e.g.  in  Im- 
patiens  par^vifiora  immediately  above  the  soil  m  the  primary  stem),  or  trom  the  outermost 
phloem-layer  of  the  fibro-vascular  bundles,  nhich  is  more  commonly  the  case  These 
layers  of  tissue  then  behave  like  the  pericambium  ot  a  primari  root,  as  in  Veronica  Becca- 
biinga,  Ljiimachia  nummularia,  or  the  ivy,  according  to  Reinke 

(d)  While  the  formation  of  the  root^cap,  as  has  already  been  shown  in  Sect.  19, 
is  proceeding  at  the  apex  of  the  root,  its  outermost  layers  pass  over  into  per- 
manent tissue;  the  cells  retain  simple  forms,  but  thm  walls  become  thicker,  and 
in  the  outermost  cell-layers  of  the  cap  swell  up,  become  gelatinous,  and  thus  cause 
the  apes  of  the  root  to  appear  viscid ;  findllv  thej  die  and  become  detached  In 
aerial  and  underground  roots  the  root-cap  is  closely  attached  to  the  substance  of 
the  root  by  its  oldest  layers,  which  generally  extend  batiwards,  m  the  roots  of  Lem- 
naces,  Slratioles,  and  some  other  plants,  which  Soit  on  the  water,  it  forms  a  loose 
sheath  which  envelopes  the  substance  of  the  root  high  up,  and  is  onlj  h\ed  below  to  its 

(e)  Roots  are  generally  clearly  distinguished,  by  the  characteristics  mentioned 
above,  from  leaf-bearing  shoots;  there  occur,  however,  a  few  transitional  forms 
which  show  that  roots  can  become  directly  transformed  into  leafy  shoots,  as  in 
Neoltia  Niduj'U'vis,  where  {according  to  Reiehenbach,  Irmisch,  Prillieux,  and  Hof- 
raeister)  older  lateral  roots  of  the  stem  throw  off  their  root-caps  and  form  leaves 
beneath  the  apex.  On  the  other  hand,  leaf-bearing  shoots  cease  to  produce  leaves,  as 
in  many  Hymenophyllacex,  and,  according  to  Mettenius,  form  root-hairs,  and  assume 
the  habit  of  true  roots  (whether  they  actually  form  a  root-cap  is  doubtful) ;  in  these 
species  true  roots  are  wanting.  In  Pjilotum  triqaetnan  Nageli  and  Leitgeb  have  shown 
that  the  apparent  roots  are  only  underground  shoots,  on  which  more  or  less  evident 
traces  of  leaf-formation  may  be  recognised  ;  they  resemble  true  roots  in  function  and 
in  the  mode  of  formation  of  their  tissue,  but  have  no  root-cap,  and,  when  they  come 
above  ground,  grow  in  the  manner  of  ordinary  leafy  shoots.  In  Selagineilea;  also,  the 
same  investigators  have  shown  the  presence  of  leafless  shoots  (rhizophores)  which 
grow  downwards,  and  do  not  form  root-caps  until  they  touch  the  ground  (see  Book  II, 
Lycopodiacesc). 

We  thus  see  that  transitional  structures  between  roots  and  leafy  shoots  are  found 
even  in  highly  differentiated  plants.  But  even  In  AlgK  the  thallus  is  often  fixed  to 
its  substratum  by  organs  of  attachment,  which  may  be  compared  with  roots  in  their 
habit  and  in  many  functional  properties ;  and  this  occurs  not  only  in  the  case  of  the 
large  Fucacese  and  Laminarieje,  but  even  in  the  unicellular  Faucheria  and  Cnuterpa. 

In  confirmation  of  the  Theory  of  Descent  referred  to  at  the  conclusion  of  this  work 
(see  Book  III,  Chap.  7),  it  is  of  great  importance  to  tnow  that  members  differing 
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to  the  greatest  extent  moqihologically  and  physiologically  are  connected  by  transi- 
tional forms,  and  that,  especially  in  the  branched  thallomes  of  A!ga^,  the  rudiments 
are  to  be  found  (if  all  the  differentiations  of  the  higher  plants.  Distinctions  which,  in 
tlie  ramifications  ot  the  Alga-thallus,  are  only  of  a  weak,  undefined,  and  rudimentary 
character,  mciease  more  and  more  in  the  higher  plants;  points  which  can  be  sharply 
defined  m  the  latter  become  indistinguishable  when  we  are  considering  the  more  simple 
Thallophytes  The  more  the  attempt  is  made  to  establish  exact  definitions  for  single 
forms,  the  more  does  one  become  convinced  that  all  definition,  all  limitation,  is  arbi- 
trary, and  that  Nature  presents  gradual  transitions  from  the  indistinguishable  step  hy 
step  to  the  distinct,  and  finally  to  the  opposite. 

Sect.  24,  Different  Origin  of  Equivalent  Members^ — (i)  The  different 
members  of  a  phnl  spring  out  of  one  another ;  the  members  produced  may  there- 
fore be  similar  (homogeneous),  or  dissimilar  (heterogeneous)  to  the  member  which  . 
produced  them.  In  the  former  case  the  formation  of  new  members  is  ordinarily 
termed  Branching  ;  in  the  latter  it  is  regarded  as  the  production  of  a  new  member, 
A  root,  for  instance,  branches  in  the  production  of  new  roots,  a  stem  in  that  of  new 
stems,  a  thallome  in  that  of  new  thallomes ;  in  the  same  sense  the  production  by  a 
leaf  of  lateral  leaf- structures  must  also  be  considered  a  case  of  branching.  On  the 
other  hand  the  stem  produces  also  leaves,  roots,  and  hairs ;  leaves  not  unfrequently 
produce  leaf-bearing  shoots,  sometimes  roots,  generally  hairs;  leaf-forming  buds  may 
also  arise  from  roots.  But  since  members  which  are  morphologically  dissimilar- 
stem,  leaf,  root,  trichome — do  not  differ  absolutely,  but  only  in  degree,  the  difference 
between  branching  and  the  production  of  new  members,  between  homogeneous 
and  heterogeneous  growth,  must  be  regarded  not  as  an  opposition,  but  only 
as  a  gradually  increasing  differentiation  of  the  members  which  grow  out  of  one 
another. 

(2)  New  members  may  originate  either  by  Lateral  Budding  or  by  Dicho/omy. 
Lateral  budding  occurs  when  the  producing  member,  after  its  previous  increase  in 
length  at  the  apex,  forms  outgrowths  below  it,  which  are  from  the  very  first  weaker 
than  the  portion  of  the  axial  structure  which  lies  above  them.  Dichotomy,  on  the 
other  hand  (rarely  Polytomy),  is  caused  by  the  cessation  of  the  previous  increase  in 
length  of  a  member  at  its  apex,  and  by  two  (or  more)  new  apices  arising  side  by 
side  at  the  apical  surface,  which,  at  least  at  first,  are  equally  strong,  and  develope  in 
diverging  directions.  Lateral  budding  may  either  form  struct«res  which  are  similar  or 
dissimilar  to  the  axial  structure ;  and  thus  leaves,  roots,  hairs,  or  branches  arise  by 
lateral  budding  from  the  stem ;  leaflets,  lobes,  hairs,  sometimes  leaf-bearing  shoots, 
or  even  roots,  from  the  leaf.  Dichotomy,  on  the  contrary,  never  produces  struc- 
tures which  are  dissimilar  to  the  producing  structure;  the  divisions  of  a  root 
produced  by  dichotomy  are  both  roots,  those  of  a  leaf-bearing  shoot  both  leaf- 
bearing  shoots,  those  of  a  leaf  both  foliar  structures ;  dichotomy  hence  always  falls 
under  the  conception  of  branching  in  the  above-named  narrower  sense. 


^  Compare  the  literature  mentioned  in  the  previous  sections,  and  in  addition,  H.  von  Mohl, 
Liiiiiiea.  1837,  p.  487.— Trecul  in  Ann.  des  Sci.  Nat.  1847,  vol.  VIII.' p.  268.— Peter- Peter^auseo, 
Beitrage  zur  Entwickelungsgeschiclite  der  BnitknoBpen.     Hameln  1869. — Braun  and  Magnus,  Ver- 
handlungendes  Bot.  Vereins  der  Provinz  Brandenburg,  i8ji  (on  Calliopai). — [Wanning,  Ramification   . 
des  Plianerogames ;  Danish  with  French  abstract.    Copenhagen  1872.] 
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D  chotomous  branching  IS  very  common  among  Thallophues  esj  ec  allj  AlgK 
and  the  lower  Hej-ati  se  among  Phinerof.ams  it  occurs  only  exceptijnall}  among 
Vascular  Crjptogams  it  aj  pears  to  occur  m  Ferns  {e  ^  th  leaves  of  Flilj  erium 
alctrortu)  but  it  is  the  only  mode  of  brand  ing  m  all  shoots  and  roots  of  Stla 
gnellea-  Ljcopodiea,  and  in  the  roots  of  Isoctc^ 

(3)  The  or^in  of  lateral  members  whether  similar  or  dissimilar  to  the  ]  ro 
ducing  member  is  either  exog  n  us  or  mdgious  The  former  term  is  applied 
when  they  are  formed  by  lateril  outgrowth  of  a  superfic  al  cell  or  of  a  magb  of 
cells  whch  includes  tie  outer  layers  of  t  ssue  as  in  the  ca  e  of  all  lca\es  and 
hairs  and  most  normal  leaf  bearing  shoots  K  member  is  of  endogenous  or  g  n 
when  t  IS  cohered  even  shen  m  a  ru  limentarv  condt  on  b\  a  laier  of  the  tissue 
of  the  producing  member  ihich  does  not  take  part  n  the  new  formation  as  in 
all  roots    all  lateral  shoots  of  EquisetaccEe    and  in  advent  tious  buds 

(4)  Lateral  members  of  an}  kinl  are  almost  alva)s  formtd  in  considerable 
numbers  on  the  axial  structure  which  produces  them  and  e\en  repeatedly  one 
after  another  because  the  producing  structure  continues  to  increase  in  length 
and  the  cond  t  ons  for  simdar  equialeit  outgrowths  tre  repeated  Thus  the 
stem  so  long  as  it  cont  nues  to  grow  at  the  apex  produces  leases  ha  rs  often 
even  roots  and  generally  lateral  shoots  in  great  numb  rs  01  e  after  another 
rootb  usuall)  form  n  succession  man\  lateral  roots  branchu  g  leaves  uiuail}  several 
segments  If  the  apical  gro  vth  ceases  early  the  number  of  the  lateral  members  is 
also  limted  thus  (he  short  pr  mary  stem  of  U  luUschia  mirabtbs  produces  only 
two  leaves  When  the  increase  in  length  of  the  stem  is  \erj  slow  the  formatioi  of 
lateral  shoots  from  it  is  sometimes  altogether  suppressed  as  in  Isnet  s  Bolry  k  urn 
and  Ophiog/ossmi 

(5)  An  axial  structure  ma)  produce  eitl  er  several  equivalent  lateral  members 
at  the  same  level  or  only  one  in  the  secon  1  case  the  members  formed  in 
succession  are  termed  soliary  m  the  first  case  a  ^^horl  or  lerhcU  Leaves 
often  occur  m  whoils,  branches  less  frequentlj,  roots  occasoiall)  (m  the  primary 
roots  of  Phanerogams).  In  the  same  whor!  the  members  may  arise  either  si'mul- 
ianeomly,  as  the  petals  and  stamens  of  many  flowers,  or  the  foliage-leaves  of 
many  Phanerogams ;  or  successively,  as  in  Charace»  and  Salvinieae.  A  whorl  is 
a  irue  one  when  the  zone  on  which  the  lateral  members  are  inserted  is  trans- 
verse from  the  first,  as  occurs  in  both  the  last-named  plants  and  in  many  flowers ; 
Spurious  Whorls,  on  the  other  hand,  are  formed  by  displacement  and  unequal 
growth  in  the  axis,  as  in  Equisetacese,  where  the  leaves,  roots,  and  branches  arise 
from  transverse  zones  which  are  themselves  formed  by  displacement  of  three  segments 
of  the  stem-. 

(6)  Similar  and  equivalent  lateral  members  usually  arise  on  their  common 
axial  structure  in  acropelal  or  basifugal  order,  i.e.  the  younger  a  member  is  the 


'  For  further  details  oflateral  branching  and  dichotomy  see  the  conclusion  of  this  section  and 
Sect.  25. 

'  The  three  segments,  which  together  form  the  periphery  of  the  stem,  stand  at  first  at  different 
heights,  bnt  arrange  themselves,  as  Rees  has  shown,  in  a  transverse  zone,  which  developes  ei- 
*  temally  a  circular  protuberance ,  the  rudiment  of  the  leaves  (see  Book  II.  Equisetaccic). 
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neirer  it  is  to  the  apex  The  lateral  members  which  are  formed  from  ind  suffi- 
ciently near  the  growing  ipex  of  an  axial  structure  are  apparently  alwws  icropetal, 
but  the  order  is  disturbed  when  lengthening  at  the  apex  ceases  and  neu  forma 
tions  occur  m  the  primary  meristem  below  it,  as  in  many  flowers  and  in  the 
abnormal  inflorescence  represented  in  Fig  126  The  lateral  members  formed  at 
a  greater  distance  from  the  growing  ape\  of  the  a\ial  structure  -ire  sometimes., 
but  not  alwajs  acropetal  Since  branchmg  and  the  formation  of  hteral  members 
out  of  the  growing  pomt  occur  in  nearl)  all  plants,  and  bv  their  regular  repetition 
at  definite  points  of  the  growing  a\is,  determine  the  external  form  of  the  plant, 
they  maj  be  considered  as  notmal,ia  oppo'iition  to  the  adxmtihous  production  of 
members  which  takes  place  at  the  older  parts  of  the  a"iial  structure  at  a  distmce 
from  the  ape\  and  without  definite  order  buch  new  formations  are  equally  ad^en 
Iitiouf  e\en  when  thei  are  of 
great  importance  to  the  plant 
from  a  physiological  point  of  view. 
Adventitious  shoots  are  generally 
formed  internally  by  the  side  of 
the  fibro-vascular  bundles  of  the 
branch,  leaf,  or  root ;  but  it  does 
not  follow  from  this  that  all  en- 
dogenous shoots  are  adventitious. 
All  the  shoots  of  Equisetacese  are 
endogenous  in  their  origin ;    but 
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'  Compare  what  will  be  found  under  Rhiiocarpese  and  Aiigiosperii 
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g        m,  a  structure  without  leaves,  roots,  or  branches, 
I    1         the   production  of  spores.     A  new  Moss-plant  is, 
u    d    by   the    production    of  a    leaf-bearing'   shoot    from 
'    tonema,   which   branches,    strikes    root    (by   root- 
nourished.      The  shoot  first  produced,  from  which 
ned  the  Primary  Shoot;   it  is  often  more  strongly 
ts,  as  in  most  Ferns,  Cycadese,  Coniferse,  Palms, 
J   shoot  produces  Lateral  Shoots  of  the   first  order 
\  n  lateral  shoots  of  the  second  order,  and  so  on. 
that   lateral   shoots    of  any  order   take    root   and 
become  detached  from  the  primary  shoot; 
they  then  issume  all  its  peculiarities  and 
may    equallj    be    considered    as    primary 
sho  t'l       But    It    al'.o    happens    that    the 
primir)    shoot    itself    is    arrested    at    an 
eirh   period    while  new   ordero  of  shoots 
proceed  from  it  which  gradually  become 
more  vigor-^us    as  in  many  bulbous  ind 
tuberous    plints       Shoots   which    become 
detached  from  the  moti  er  plant  when  but 
■ilighll)    de\  eloped    continue   to   grow    by 
independent  nourishment    and  repeat  the 
feculnritea    ol    the    pnn  arj     shoo      are 
cilled  (i  mm  <   or  BulMs     thej   are  often 
idvcntitous  shoots     but  bulbils  ma)   ilso 
be  bboolb  of  normal  ori£,in    ai  m  many 
speaes  of  Alltitm 

f  ne  f  h  est  rmed  hetuJ*.    b  hhasa  o already  Now  that  We   huc  already   spt Len   of 

"""  °    °         '       ''"  tht   origin   of  leasts    hairs,   and   roots    and 

entered  sufficientlj  into  det^l  on  the  more  important  points  C^ects     a   21    -a)   it  only 
remains  to  go  1  little  further  into  the  \anous  modes  uf  ongin  of  leaf  beanng  shoots 

(a)  In  many  Ferns  leafy  shoots  arse  Jrom  Leaies  and  especially  when  the  stem 
brinchei  but  little  or  not  at  ill  as  in  I^epbrodisim  fi/jv  n  u  Aiflenium  Fdix  faintna, 
Pteris  aquilina  S.c  In  the-ie  species  the  buds  spring  singly  out  of  the  lower  parts  of  the 
petiole  at  a  greater  or  less  height  above  its  insertion  In  other  species  t  is  usutUy 
the  lam  ni  which  pruduees  nuraeroas  buds  generally  n  the  asils  of  the  pinna:  as  in 
Aiplemum  decusiatam  (Fig  1-7)  A  Betlangeri  A  ciuiahm  Ceratopteru  thtlictioidei,  or 
on  the  surface  ot  the  leaf  itselr  as  in  Aspkmum  furcatum  &i.  In  all  these  cases  the 
buds  produced  on  the  leases  are  exogenous  in  their  ougin  and  those  on  the  petioles 
of  the  hrst  named  species  arise,  while  the  lea\es  aie  still  ^er>  young  out  ol  single 
superficial  cells'  These  shoots  take  root  while  "itill  in  connexion  with  the  mother  leaf, 
but  sooner  or  later  become  detached  in  I\ephrodium  Filix  ma  and  Ptens  aqmhna  olten 
onl>  after  some  years  when  thej  have  alreadj  lequired  considerable  strength  and  the 
base  ot  the  mother  leaf  has  died  off  and  decajed 

In  Phinerggams  luds  ilso  occur  on  leases  althoui,h  much  more  rarel>      The  best 


'  Hofmeister,  Beitraee  lur  Keiintniss  dcr  Cefass-Kryptogamen.  vol.  II.    L«ipiig  185?. 
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known  are  those  which  are  formed  abundantly  in  the  indentations  of  the  leaves  of 
Biyopfyllum  calycinam;  according  to  Hofmeister'  they  arise  before  the  complete  un- 
folding of  the  leaf  as  small  masses  of  primitive  parenchyma  in  the  deepest  parts  of  the 
incisions  of  the  leaf.  In  the  aquatic  Utriailaria  -vulgarb  weak  shoots  arise,  according 
-  to  Pringsheim^  mostly  in  the  neighbourhood  of  the  axils  of  the  divisions  of  the  leaf;  id 
both  cases  these  shoots  are  of  exogenous  origin.  Nothing  is  Itnown  of  the  develop- 
ment of  the  buds  produced  on  the  leaves 
of  Atherurui  ternatus  or  Hyac'mtbiu  Pouza/jU 
(Doll,  Flora  von  Baden,  p.  548), 

(b)  Adventitious  shoots  springing  /ram 
Roots  are  always  endogenous;  they  arise, 
according  to  Hofmeister,  in  the  neighbour- 
hood of  the  fibro- vascular  bundles  or  in  the 
cambium,  as  in  Opbioglassum,  Efipacth  mi- 
cropiylla,  IJnaria  vulgar!],  Ciriium  ar-vense, 
the  aspen,  and  apple. 

(c)  Ad-venlhious  Budi  arise  moreover 
in  an  endogenous  manner  under  peculiar 
circumstances  from  older  detached  leaves 
or  pieces  of  stem  and  root,  especially  when 
Icept  damp  and  in  darkness.  On  this  de- 
pends the  propagation  of  many  plants  in 
gardens,  as  of  Begonias  from  leaves,  Marat- 
tias  from  their  thick  stipules,  &e.  Adven- 
titious buds  also  sometimes  appear  in  con- 
siderable quantity  in  old  stems  of  woody 
plants ;  this  occurs  on  the  callus  formed 
between  the  bark  and  the  wood,  when 
the  stem  is  cut  off  above  the  root.  The 
branchlets  which  break  out  in  old  stems 
of  Dicotyledons  and  Monocotyledons  are, 
however,  often  not  true  adventitious  shoots, 
but  old  dormant  ■' eyes '  which  have  been 
left  behind,  having  been  formed  at  an 
earlier  period  as  norma!  exogenous  axillary 
buds,  when  the  stem  itself  was  still  in  the 
bud-condition ;  they  had  become  enveloped 
by  the  bark  as  the  stem  increased  in  thick- 
ness,- and  carried  on  a  feeble  existence, 
until  placed  in  a  condition  for  active 
growth  by  a  favourable  accident,  as  the  evenaagrMi'erheie'iitJxso).  ""  "^  "^  "  " 
removal  of  the  stem  above  them  (Hartig). 

(d)  In  the  genus  Isoetei  the  leaf-bearing  shoot  arises  exclusively  from  the  fertilised 
germ-cell  or  embryo,  and  forms  neither  normal  lateral  buds  out  of  the  stem  nor  any 
from  the  leaves  or  roots,  nor  any  kind  of  adventitious  buds. 

(e)  ^he  Normal  Formation  of  Lateral  Sboeti  from  the  primary  meristem  of  the  growing 
point  of  the  primary  axis  is  endogenous  in  EquisetaecEe '.  With  the  exception  of  the 
primary  axis  which  is  developed  out  of  the  embryo,  all  the  lateral  shoots  are  here  of 


'  Hofmeister,  AUgemeine  Morpliologie.  p.  423. 
'  Priiigsheim,  Zur  Morphologie  der  UtricuUrien ; 

'  [So.-ne  doubt  is,  however,  now  thiown  on  thij  c; 


.  Moiiatsb.  der  li.  Akad.  der  Wissen.   Berlin 
dpUoii  ;  see  Book  II,  Equiselacc;e.] 
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endogenous  origin  (Fig.  i^B,  K K');  they  are  developed  out  of  a  cell  in  the  interior  of 
the  tissue  of  the  stem  near  to  the  growing  point,  and  afterwards  break  through  the  base 
of  the  older  leaf-sheaths.  In  some  JungermanniesE  the  normal  terminil  branching  of' 
the  stem  takes  place  partially  or  entirely  by  endogenous  format    n    f   h     t 

With  these  exceptions  all  normal  lateral  branches  produ    d    t  th  f  gr     th 

of  the  bud  or  in  its  neighbourhood  are,  like  the  leaves,  exogen 

(f)  The  lateral  branches  which  arise  normally  below  the  g 
shoot  are  always  produced  in  acropetal  order,  like  the  leave 
various  relationships  as  to  position,  age,  and  number, 

(n)  The   numerical  relationship  of  the  lateral  branches  t     th     I 
the   same   axis   is  variable.      If  the   number  is  unequal,  a  gr    t 
than  of  branchlets  usually  arises  on  the  same  axis;  in  Muse      x   F 
CycadesE,  and  Coniferse  a  much  larger  number.    A  branchl  t  m  y 
finite  number  of  leaves  has  been  formed,  as  in  many  Muscineje  and 
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arise  side  by  side  above  a  leaf  (Fig.  ijO),  or  one  aboie  another,  as  in  Amtohcbia  Sipbo, 
Ckditschia,  &c.  In  most  Angiosperms  the  number  of  the  lateral  branchlets  (with  the 
exception  of  the  flower-shoots)  is,  at  first,  the  same  as  that  of  the  leaves ;  but  usually 
only  a  much  smaller  number  continue  to  develope. 

(j3)  The  relationship  in  position  and  origin  of  leaves  and  branches  is  constant  in  each 
species  and  often  in  a  whole  class  of  plants.  The  lateral  branches  arise  below  the  leaves 
(according  to  the  acute  investigations  of  Leitgeb^)  probably  in  all  Mosses,  as  well  as  in 


'  [See  Leilgeb.  Bot.  Zeit.,  1R72.] 

'  Leitgeb,  Beitiage  znr  Enlwickclungsge^chichle  der  Pllanienoi^ne,  in  Sitiunj^sber,  der  kai; 
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the  Hepaticse  Radula  and  Lejeunia;  the  branch  springs  (as  shown  in  Fig.  116,  «,  p,  ijj) 
out  of  the  lower  part  of  a  segment  of  the  stem,  the  upper  part  of  which  has  developed 
into  a  leaf.  In  Fontmalis  this  occurs  below  the  median  line  of  the  leaf,  in  Sphagnum 
laterally  below  one  half.  According  to  the  same  observer,  the  lateral  branches  arise 
in  place  of  a  half-leaf  beside  the  remaining  half  in  many  Jungermannieje,  as  FruUania, 
MadathfCa,  Maitigobryum,  Jungermannia  tricbophylla^ .  If  each  tooth  in  the  leaf-sheath 
of  an  Equiietum  be  considered  as  a  leaf,  the  buds  originate  at  the  side  of  the  leaves  and 
between  them,  for  they  break  through  the  leaf-sheaths  between  the  teeth.  In  Characeie 
and  Angiosperms  the  normal  lateral  branchlets  spring  from  the  acute  angle  which  fhe 
leaf  forms  with  the  stem  (Figs.  139,  131).  Usually  only  one  Is  formed  above  the  middle 
of  the  insertion  of  the  leaf,  or  two  or  three  one  above  another;  sometimes  several 
are  formed  side  by  side,  as  in  the  bulbs  of  Muicari  (Fig,  130),  and  the  flowers  in  the 
axils  of  the  bracts  of  Masa.  Such  branchlets  are  called  Axillary  SbooiJ;  in  Angio- 
sperms the  branching  is,  with  a  few  doubtful  exceptions,  always  axillary^. 

The  axillary  shoot  is  usually  so  situated  that  it  is  attached  both  to  the  Subtending  leaf 
in  the  axil  of  which  it  grows  and  to  the  primary  axLs,  and  is  therefore  in  direct  con- 


w^ 


nection  with  both.  But  it  is  not  unusual  for  the  lateral  shoot  to  advance  along  the 
primary  axis  and  thus  lose  its  connection  with  the  subtending  leaf  ^,  or  contrariwise  to 
appear  as  if  attached  to  the  base  of  the  leaf  away  from  the  axis.  Examples  of  both  are 
furnished  by  the  sporangia  of  Lycopodium  and  Setagiu^Ua.  The  adviace  of  the  axillary 
shoot  along  the  base  of  the  subtending  leaf  is  not  uncommon  in  the  inflorescence  of 
Phanerogams,  where  the  flower-bud  springs  from  the'  base  of  the  bract,  as  in  H^urh 
(Fig.  119,  p,  155),  jimorpha,  Salix  nigricans,  Sedum  Faiaria,  &c.  But,  on  the  other 
hand,  the  subtending  leaf  may  advance  on  its  axillary  shoot,  when  it  originates  later  than 


Akad.  der  Wiasen.  lu  Wieii,  vol.  LVII,  1868,  and  vol.  LIX,  1869  ;  and  Bot.  ZeUg- 1871,  no.  34.  See 
also  more  in  detail,  Book  II,  Muscine^, 

'  Leitgeb,  Bot.  Zeit^.  t&Ji,  p.  563 ;  see  also  Book  II,  Hepaticje. 

'  [The  relationship  of  leaf  and  lateral  shoot  is  intelligible  in  the  Hfmcinea,  where  the  two  struc- 
tures are  derived  from  the  same  ultimate  segment  of  the  apical  cell.  In  Phanerogams  Warming 
considers  {1.  c,  p.  xxiii)  the  leaf  and  its  axillary  bud  (which  are  always  tmited  at  their  base)  to  no 
less  form  a  whole,  and  to  constitute  a  double  organ  whose  parts  have  a  different  morphological 
value  and  are  sometimes  equally  developed,  while  in  some  cases  one  is  developed  at  the  expense  of 
the  other.] 

'  [This  occurs  not  unfrequently  in  the  flowering  shoots  or  inflorescences  of  Phanerogams,  when 
such  shoots  are  termed  ex:ra-a!dllary.'] 
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the  latter ;  in  this  manner  is  formed  tie  hract  on  the  fiower-bud  in  -Anlbemii,  Siiymbrium, 
and  Umbelliferie.  When  in  addition  to  this  It  also  happens  that  after  the  formation  of 
the  subtending  leaf  the  basal  portion  common  to  it  and  to  the  bud  lengthens,  then  the 
former  is  elevated  on  the  axis  of  its  axillary  shoot,  and  the  shoot  appears  to  have  uo 
subtending  leaf,  because  this  latter  is  placed  upon  it,  and  constitutes  its  first  leaf.  This 
occurs  in  Ihesium  ebracteatum,  Sam.o!ui  Vaterandi,  Sfiraa,  Ruta,  Tilia  (in  this  case  the 
bract  and  the  entire  infiorescence),  Borragine;e,  Solanacese,  and  CrassulaceEe  ^. 

{y)  In  reference  to  the  relative  time  of  production  of  the  leaves  and  lateral  branches 
on  a  primary  asis,  the  general  rule  is  that  axillary  buds  are  formed  later  than  their 
subtending  leaves.  This  is  the  case  in  Charace^,  HepaticiE,  Equisetaceie,  and,  with  the 
exception  of  some  tnSorescences,  in  Phanerogams.  In  the  region  of  growth  the  sub- 
tending leaf  attains  a  considerable  size,  even  in  the  latter,  before  its  axillary  shoot  is 
formed ;  and  in  the  meantime  new  and  younger  leaves  are  produced  above  the  youngest 
bud.  In  those  inflorescences,  on  the  contrary,  where  the  formation  of  leaves  is  more  or 
less  suppressed,  the  bud  is  often  formed  iramediatelj'  after  the  bract,  or  at  the  same  time, 
or  even  earlier  than  it;  and  in  the  two  last  cases  the  bract  has  often  the  appearance  of 
being  a  product  of  the  bud  (see  conclusion  of  par.  &}.  It  may  even  happen  that  when 
the  flower-buds  are  formed  very  rapidly,  the  production  of  bracts  is  altogether  sup- 
pressed, as  in  most  Crucifera:  (Fig.  ijz)°. 

(6)  The  fact  that  lateral  shoots  aiise  far  most  frequently  at  a  greater  distance  from 
the  apex  of  the  stem  than  the  youngest  leaves,  distinguishes  them  sufficiently  from 
dichotomous  branchings,  which  must  always  of  necessity  arise  above  the  youngest  leaf. 
But  even  when  the  leaves  are  visible  only  later  than  the  corresponding  buds,  as  in  the 
inflorescence  of  Grasses,  or  is  even  completely  suppressed,  as  in  most  Cruciferse,  it  is 
still  impossible  to  confound  lateral  with  dichotomous  branching,  if,  as  in  these  cases,  the 
cone  of  growth  greatly  overtops  the  youngest  lateral  bud,  and  continues  to  grow  in  a 
straight  hne  (Figs.  117,  119,  pp.  154,  155).  Still  more  conspicuous  is  the  distinction 
between  lateral  branching  and  dichotomy  when  the  primary  axis  ends  in  a  broad  flat 
apical  surface,  as  in  the  young  capitula  of  Composite.  Here  the  lateral  shoots  (the 
flowers)  are  so  small  in  comparison  to  the  mother-shoot,  and  are  from  the  first  placed  at 
so  great  a  distance  from  its  apex,  and  so  uniformly  on  all  sides  of  it,  that  the  mother- 
shoot  must  be  regarded  as  the  independent  centre  of  all  new  formations.  The  idea 
of  dichotomy  supposes,  on  the  contrary,  that  the  mother-shoot  ceases  as  such,  and  that 
two  branches,  at  first  at  least  equally  strong,  continue  to  grow  in  length  in  diverging 
directions  in  its  place. 

If  it  is  desired  to  include  lateral  branching  from  the  growing  point  and  dichotomy  of 
the  apex  under  one  common  term,  in  order  to  distinguish  them  horn  the  adventitious 
formation  of  branches  from  older  portions  of  the  stem,  leaves,  or  roots,  the  expression 
Terminal  Branching  commends  itself. 

Sect.  25.  Different  capacity  for  Developmont  of  the  members  of  a 
Brancli-Bystem ^ — Systems  of  similar  members  originate  by  branching;  out  of 
a  root  a  root-system  originates,  out  of  a  shoot  a  shoot-system ;  when  a  leaf 
branches,  we  get  a  pinnate,  digitate,  lobed,  or  incised  leaf,  &c.  We  may  therefore 
examine  the  more  important  relationships  of  form  of  such  a  system,  taking  into 
account  for  the  time  only  the  relative  size  and  capacity  for  development  of  the 

'  See  Warming,  Recherches  sur  la  ramification  des  Phanerc 

"  [On  the  suppression  of  the  bracts  in  Craciferje,  see  M 
XIV,  p,  39,.] 

'  Nageli  imd  Schwendener,  Das  Mikroskop,  p.  559. — Hofmeisler,  Allgemeine  Morphologie  der 
Gewebe,  Sect.  7.— Kaiifmann,  Bol.  Zcitg.  1869,  p.  886.— Kraus.  Medic-Phys.  Soc,  in  Erlangen,  Dec. 
S.  ie70.-Warming,i.<:. 
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b  an  he  of  the  various  orders.  We  may  here  leave  adventitious  branchings  en- 
t  Ij  out  of  onsideration ;  for  it  is  evident  that  in  respect  to  the  phenomena 
no  uni  onsideration  they  play  no  essential  part  in  the  building  up  of  the 
hole  plant  We  have  therefore  to  do  only  with  the  branchings  which  arise  at 
tl  nd  f  a  growing  shoot,  leaf,  or  root,  /.  e.  with  terminal  branchings.  These 
J  be  f  rr  d  (as  has  already  been  shown  in  Sect.  24,  div.  a)  to  two  principal 
fo  m  1  p  d  nt  on  the  origin  of  the  branching  by  dichotomy  or  by  lateral 
b  an  h  n  branch -systems  of  the  first  kind  may  be  called  simply  Dichotomies,  of 
the  second  kind  Monopodia. 

A  Dichotomous  Branch-syskm,  according  to  the  definition  given  in  Sect.  24,  is 
the  result  of  the  cessation  of  the  growth  at  the  apex  in  the  original  direction, 
and  its  continuation   in  two   new  direc-  _, 

tions  at  newly  constituted  apical  points, 
as  is  very  clearly  shown  in  Fig.  133'. 
We  may  term  the  newly  formed  branches 
Bifurcalions,  and  the  member  which  pro- 
duces them  the  Bast  of  the  bifurcation. 
Every  base  can  only  bifurcate  once ;  but 
every  branch  may  again  become  the  base 
of  a  new  bifurcation*. 

A  Menopodium  arises  when  the  gener- 
ating structure,  following  the  direction  of 
its  previous  growth,  continues  to  grow 
at  its  apex,  while  lateral  structures  of  a 
like  kind  are  produced  beneath  it  in  aero-  fig,  Tss.-Dichoiomyoriiic  t-Biaasoi  ma^a.  aithanma 

petal  succession,  their  longitudinal  axes  !n«ls'!i^':S'iI^^m'^t'SSrft»^mm'ra'iions'''frf 
being  placed  obliquely  or  transversely  to  l"hL^h^?e''a"h^'"^'^™n^S^iiJae%l^enR"^'iu 
that    of  the    generating    member.      The      "^''^p'^''"*'^ 

generating  member,  since  it  continues  to  grow  during  the  branching,  may  form 
numerous  lateral  members;  for  all  these  it  is  the  common  base;  hence  the  name 
Monopodium  (Figs,  irp,  123,  13a).  Every  lateral  branch  may  again  branch  in 
,  and  thus  itself  become  a  monopodium  of  the  second  order. 
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'  Since  we  have  to  give  here  a 
be  necessary  to  compare  with  this  Sect.  a^. 

'  In  Cryptogams  with  apical  cells  it  may  be  thought  that  (lichotomy  must  necessarily  be  brought 
about  by  longitudinal  division  of  the  apical  celL  When  the  segments  arise  by  transverse  division 
this  is  actually  tlie  case,  as  is  shown  in  Fig.  133;  but  when  the  segmentation  of  the  apical  cell  takes 
pi  ce   n  tw  th  ee  th     w    Id        es   tat    th  t  th    d   h  t  m   mg       11    h     M  b      t    t 

f  gl     and  th      h  po   1        wh   h         pp       tly  sail  d  d        cell-d    is 

It  th  1  ss  I       bl    th  t      ttu    d   1    I  my  m  J  t  It    pi  th     t  this     S  ppose  tl       Id 

p   al      U    mm  1    t  ly    ft     th    f   m  1         f         w         by  1      d    w       t      h    g   th   di     t 
f  ts  1    gitudi    1  g    wth        thtbhp        d       gfmthpvi        d      t         fg       thth 
Id    p     1      U  th         p    se       th      pe      f     n  w  d       t   n    f  g       Ih     F    m  this   t       m    t 
that  w  bllrr         ttldtt        btw  dhtm        d  pdjm     Mul 

m      nii     fh  Iso  tni       f  Phan      gam       h  ch  h  pi  i-elL      Iisecsayh  gm 

tp      t       tthtth       ctrr  ftta      Inlfrmh  tnee     d    1    t  d  m        pod      does 

t  p         t         I,      g  t  d  n    1         f  th  se  t    m       t  ly       f    t  by  th         j  mean    that 

t         t       Ifrmcabeecgn  sed  ch 
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Ju  t  la   the  didotom^    miy  cons  st  of  numerous  bifurcations    so  nr^j    a  mono- 
poimm  consist  of  seieni  orders  of  monopod  U  branching 

These  detimtons  refer  onlj  to  the  bud  condition  of  the  branch  ^stem  Not 
unfrequenth  both  m  dichotomous  and  in  monopodial  systems  the  oria;  nal  character 
i&  maintained  m  their  further  growth  the  two  bifurcations  develope  in  the  i,ase 
of  dichotomy  with  equal  strength  and  branch  uniforml)  m  the  case  of  a  mono 
podium  the  pnmary  a\!&  continues  to  grow  more  strongH  than  all  the  sccondiiy 
axes  and  branches  more  copiously  But  it  is  ^erj  commonlj  the  case  that  in 
a  dichotomous  sjstem  some  of  the  bifurcations  are  weaker  -}t  that  in  a  m  no- 
podial  &)btem  some  of  the  lateral  a\es  ^oon  after  their  formation  grow  moie 
stronglj  and  branch  more  copiously  than 
tie  primary  axis  In  such  case^  thi.  on 
ginil  character  of  the  branch  system  be- 
comes less  and  less  evident  as  it  developes 
and  it  may  happen  thit  s)  terns  originally 
dichotomous  hiie  subsequentlj  the  ippear 
ance  of  monopodia  and  iin  rsi  It  s 
hence  impossible  to  infer  fiom  a  mature 
system  whether  it  originated  in  lichotomj 
or  in  lateral  branching  It  will  therefare 
be  desirable  to  make  a  simple  class  ficat  on 
of  the  most  mportant  changes  whn,h  a 
branch  yatem  undergoes  during  the  de- 
velopment of  its  members 

(i)  TAe  Dtj  I pment  tf  Dichotomous 
^j/tOTj  may  take  place  either  in  a  bifurcate 
or  a  sjmpodial  manner  I  call  a  sjstem 
bifurcate  when  at  each  fork  the  two 
^"nwifil&eLcoTiicl.Kor^^j'dfchoiomy.''  '  °  branchcs  dcielopc  with  equal  strength,  as 
in  Fig.  134  A  The  dichttomous  sjstem  is 
developed  sympodially  when  at  each  bifurcation  one  branch  developes  more  strongly 
than  the  other ;  in  this  case  the  base  of  each  successive  bifurcation  forms  apparently 
a  primary  shoot,  on  which  the  weaker  branches  appear  as  lateral  shoots  (Fig  1 34  B, 
C).  The  apparent  primary  shoot,  which  in  fact  consists  of  the  bases  of  consecutne 
bifurcations,  may  on  this  account  be  termed  a  Pseud  axis  or  S%mpodium  Thus  in  B 
(Fig,  1 34)  the  sympodium  is  composed  of  the  left  hand  branches  /  /  / ,  m  C  of  the 
alternate  left  and  right-hand  branches  lr,lr.  Whether  the  case  represented  in  B, 
which,  on  account  of  its  similarity  to  certain  monopodial  s}  stems  may  be  termed  a 
Helicoid  (bostrychoid)  Bkhotomy,  actually  occurs  is  doubtful  (it  probably  does  how- 
ever in  the  leaf  of  Adianlum,  pedalum).  On  the  other  hand  the  devel  jpment  repre- 
sented in  Fig.  134,  C  is  common  in  shoots  of  Selaginellea,,  and,  on  af-count  of  its 
resemblance  to  some  monopodial  systems,  maj  be  termed  a  Scorpwtd  (acinal) 
Dichotomy '. 

(2)  The  development  of  Monopodial  Systems  may  take  place  in 


'  On  DicholoniOHS  Tn florescence: 


e  Book  II,  Phanerogams. 
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Of    cymose    manner;    and    the    cymose    development  may   be   either   apparently 
dichotomous  {or  even  apparently  polytomous)  or  sympodial, 

(a)  A  racemose  system  occm-s  when  the  monopodial  mother-shoot  continues 
to  develope  more  strongly  than  all  the  lateral  shoots,  and  when  the  lateral  shoots 
of  each  successive  order  behave  in  the  same  manner  in  respect  to  their  mother- 
shoot  This  occurs  very  clearly,  for  instance,  in  the  stems  of  most  Conifers 
(especially  Pinus,  Araucaria,  &c.)  and  in  the  compound  leaves  of  Umbellifers. 

(b)  The  lymois  development  of  a  monopodial  system,  or  a  CynUy  depends  on 
the  fact  that  each  lateral  shoot  begins  from  an  early  period  to  grow  more  strongly, 
and  in  consequence  of  this,  also  branches  more  copiously  than  the  mother-shoot, 
the  growth  of  which  then  usually  soon  ceases.  Two  principal  forms  of  Cyme 
may  be  distinguished,  according  as  a  pseud-axis  (sympodium)  is  formed  or  not. 

(a)  When  two,  three,  or  more  lateral  shoots  arise  beneath  the  growing  end  of 
each  shoot,  which  develope  ^  , 

in  different  directions  more 
strongly  than  their  mother- 
shoot,  the  growth  of  which 
soon  ceases,  a  false  Dicho- 
tomy (or  Trichotomy,  or 
Polytomy)  arises.  Fig,  135 
represents  the  formation  of 
a  false  dichotomy;  the  shoot 
/  produces  the  shoots  IF , 
IF',  originally  weaker,  but 
soon  growing  more  strong- 
ly, while   the  growth  of  / 

ceases;  the  same  takes  place        fig-  iJs.-Diagramor ifalaedicHatomjidictoslum)^  &e  numcrds  indkua  the  i^a 

with  Z/r,  and ///'.    False  =fa^..<,p....-=(.i,..  co,.    ■  ..y..am. 

dichotomies  of  this  kind,  which  occur  abundantly  in  the  inflorescences  of  Phanero- 
gams, are  termed  by  Schimper  Dichasia.  But  instead  of  two  lateral  branches 
growing  out  in  opposite  directions,  three  or  more  shoots  standing  in  a  true  ■ 
or  spurious  whorl  may  develope  more  strongly  than  their  mother-shoot,  and 
thus  arises  an  umbellate  system,  such  as  is  developed  in  a  typical  manner  in  the 
inflorescences  of  our  native  Euphorbias;  a  system  of  this  kind  may  be  called  a 
Cymose  Vmbd. 

(8)  The  sympodial  development  of  an  originally  monopodial  system  occurs 
when  one  lateral  shoot  always  developes  .with  greater  vigour  than  its  mother- 
shoot,  as  is  shown  in  Fig.  136,  A,  where  the  lateral  shoot  2,  2  grows  more 
strongly  than  the  part  2, 1  of  its  mother-shoot,  and  so  on.  Usually  the  portions 
of  all  the  shoots  which  lie  below  their  lateral  branches  develope  more  strongly 
than  the  terminal  portions,  as  is  indicated  in  the  figure  by  the  thicker  lines ;  the 
terminal  portions  (indicated  by  thin  lines)  often  die  off  early ;  the  thicker  basal 
portions  of  the  different  ramifications  which  proceed  from  one  another  then  com- 
monly place  themselves  in  a  straight  line,  and  have  the  appearance  of  a  connected 
whole;  like  a  primary  shoot  to  which  the  terminal  portions  of  each  separate  order 
of  shoots  are  attached   as  if  they  were  lateral  branches.     The  apparent  primary 
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shoot  of  the  system  is  called  the  Sympodium  or  Pseud-axis.  It  consists,  in 
Fig.  136,  B,  of  the  pieces  between  i  and  z,  2  and  3,  3  and  4,  4  and  3  ;  the  weaker 
terminal  portions  of  the  respective  branches  i,  2,  3,  &c.  are  bent  sideways.  A 
comparison  of  Fig.  136  C  with  A  shows  that  between  a  sympodially  developed  and 
a  spurious  dichotomous  system  the  only  point  of  difference  is  that  in  the  latter  each 
branch  produces  two  stronger  lateral  branches.  If  in  C  one  of  the  branches  is 
imagined  to  be  suppressed  alternately  left  and  right,  the  form  A  results,  which  is 
then  easily  .transformed  into  B. 

Sympodial  systems  occur  in  two  different  forms,  according  as  the  lateral 
shoots,  the  basal  portions  of  which  form  the  pseud-aKis,  arise  always  on  the 
same  side  or  on  different  sides  of  it. 


If  the  sympodial  ramification  takes  place  always  on  the  same  side — e.  g.  always 
to  the  right,  as  in  Fig.  128,  D,  or  always  to  the  left— the  whole  system  is  called  a 
Hdicoid  Cyme '  or  Bostryx ;  if,  on  the  other  hand,  each  branch  which  continues 
the  system  arises  alternately  right  and  left,  as  in  Fig.  136,  A,  B,  the  system  is 
a  Scorpioid  Cyme  or  Cicinus.  If  in  these  cases  we  have  to  do  with  leafy  shoots 
where  the  leaves  are  arranged  spirally,  a  more  exact  definition  of  the  terms  right  and 
left  becomes  needful.     It  is  then  necessary  to  imagine  a  median  plane  drawn  through 

'  [Some  difficulty  will  perhaps  be  felt  with  regard  to  Fig.  D,  which  stands  for  a  helicoid  cyme 
!q  the  text,  hut  which  is  also  identicalwiththescorpioidcymeofdescriplive  botany,  and  corresponds 
to  the  specific  name  '  scorpioidis'  given  by  Linna^s  (o  several  plants  in  which  il  occnrs.  The  term 
scorpioid  was  introdnced  by  A  P  De  Candolle  (Or^anographie,  vol.I.  p,  415),  to  express  a  unilaleral 
cyme  the  undeveloped  portion  of  which  is  usually  rolled  np  This  is  the  characteristic  inflorescence 
of  Borragines,  amongst  which  Mmmus  has  long  been  distinguished  as  'scorpion-grass'  on  this 
account.  Bravais  (Ann  des  Sci  Nat  »nd  ser  vol  \II  p.  197)  distinguished  the  helicoid  cyme, 
which  he  defined  as  hiving  (he  succe!s,i\e  flowers  ringed  in  a  spiral  round  the  pseud-axis.  He 
amended  De  CandoUe  s  delinit  on  of  the  si-orpioid  cyme  Vj  pointing  out  that  the  flowers  are  in  two 
rows  parallel  to  the  pseud  axis  ] 
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the  axis  of  growth  of  each  shoot  and  through  that  of  its  immediate  m other- sh o ot ; 
then,  in  the  hehcoid  cyme  each  foliowing  median  plane  always  stands  right  or 
left  of  the  preceding  one,  following  the  course  of  the  leaf-spiral;  in  the  scorpioid 
cyme,  on  the  other  hand,  the  consecutive  median  planes  stand  altemately  right  and 
left. 

(a)  In  Thallophytes  and  the  Thalloid  Hepaticas,  dichotomy  is  yery  common,  but 
monopodial  branchings  also  occur  developed  in  the  most  various  ways.  The  diehotomous 
branching  is  unusually  clear  and  generally  bifurcate  among  Algs,  especially  in  Dictyoteas 
and  species  of  Fucuj  (in  particular  F.  lerratus).  In  some  there  occurs  a  tendency  towards 
a  sympodial  development  of  the  bifurcations,  but  usually  only  at  z  iate  period;  so 
that  the  diehotomous  branching  can  be  clearly  recognised  at  the  ends,  of  the  branches 
even  with  the  naked  eye.  The  same  is  the  case,  among  Hepaticas,  in  Anthocerotete, 
RiccieiE,  Marchantiea,  and  in  Meizgeria  (Fig.ij?),  where  a  flat  expansion  of  the  thallus 
or  thalloid  stem  arises -between 

the  young  bifurcations,  first  of 
ail  as  a  protuberance  (f  /"), 
which  however  cannot  be  con- 
sidered as  a  continuation  of 
the  shoot,  since  it  has  no  apical 
cell  or  mid-rib ;  subsequently 
this  protuberance  disappears,. 

Distinctly  monopodial'.(la-. 
teral)  ramifications  are. parti- 
cularly clear  in  filamentous- 
Alg^,  when  the  apioal  cell  re- 
mains unbranehed,  and  lateral 
branches  grow  only  out  of  the 
individual  cells  (segments  of 
the  filament);  as  in  Cladophora, 
LejoMa,  &c.  It  occurs  how- 
ever sometimes  that  lateral 
branches  proceed  out  of  the 
apical  cell  itself,  as  is  espe- 
cially shown  in  Sfypocaulon  (Fig,  io8,  p.  1J9.).  In"  other  "cases  the  branching  of  the 
apical  cell  is  diehotomous,  as  in  Coleocbate  soluta  (see  Bftok  II,  Alga). 

(b)  In  the  roots  of  Ferns,  EquisetacetE,  and  Rhizocaipeje,  as  well  as  in  those  of 
Conifers,  Monocotyledons;  and  Dicotyledons,  the  branching  is  always,  as  far  as  is  known, 
at  first  monopodial,  and  even  at'a  later  period  the  primary  root  generally  remains  stronger 
than  its  lateral  roots;  these  roat-systems  are  therefore  developed  in  a  racemose  manner 
(Fig.  133,  p,  165);  this  is  seen  very  beautifnlly  in  the  root-systems  which  proceed  from 
the  primary  roots  of  Dicotyltdona  when  they  are  allowed  to  germinate  and  grow  in  water. 
Dichotomy  of  roots  occurs  only  in  Lycopodiacese,  and  probably  in  Cycades,  where  they 
appear  at  a  later  period  as  systems  of  bifurcations.  According  to  the  most  recent 
researches  of  Nageli  and  Leitgeb,  it  is  still  altogether  doubtful  whether  the  branching 
depends,  even  in  LycopodiaceiE,  on  true  dichotomy ' ;  but  the  root-branches  of  Lycopo- 


'  For  the  above-mentioned  reasons  I  share  Kny's  view  that  the  branching  is  in  this  case 
dichoionious.     (See  Hofmeister,  Allgemeine  Morphologic,  p.  433.) 

'  Compare  Nageli'a  Beitrage  znr  wissen.  Botanik,  Heft  IV,  1867.  I  would  lay  less  siresa  on  the 
relation  of  dichotomies  to  the  apical  cell,  because  the  latter  has  scarcely  the  same  decided  slgnili. 
cation  in  I.ycopodiacere  as  in  Ferns,  Efjuisetaces,  and  other  Cryptogams;  and  the  apical  growth 
appai'enlly  approaches  nearer' to  that  of  Phaneiogams, 
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diaccEe  always  arise  so  near  to  the  apex,  and  they  assume  at  so  early  a  period  the 
character  of  dichotomies  developed  in  a  bifurcate  manner,  that,  until  further  inves- 
tigation proves  the  contrary,  they  must  be  considered  as  sueli.  It  is  scarcely  necessary 
to  mention  in  conclusion  that  when  roots  branch  dichotomously  the  bifurcations  are  at 
first  covered  by  the  original  root-cap,  as  is  shown  in  Fig.  t}8. 

(c)  Lea-ves.  Bifurcations  resulting  apparently  from  true  dichotomy  occur  in  the  leaves 
of  some  Ferns,  e.g.  Platycerium  alcicome'^ ;  and,  according  to  an  older  statement  of 
Hofmeister,  it  appears  that  the  branching  of  Fern-leaves  generally  commences  dichc 
tomously,  although  mature  leaves  mostly  resemble  a  monopodium.  On  a  mid-rib 
forming  a  continuation  of  the  petiole  are  placed  numerous  secondary  mid-ribs  with 
secondary  lacinia  {pinnse).  Since  these  branches  are  apparently  always  alternate  and 
not  opposite,  and  the  terminal  lobes  of  the  leaves  are  frequently  developed  as  equally 
strong  bifurcations,  leaves  of  this  kind  may  be  considered,  according  to  Hofmeister's 
,  hypothesis,  as  dichotomies  developed  in  a  sympodial  (and  indeed  a  scorpioid)  manner, 
the  mid-rib  representing  the  sympodium,  and  the  apparent  lateral  branchlets  the  weaker 


branches  (as  in  Fig.  134,  C,  p.  178);  a  process  which  is  repeated  in  the  segments  of  the  leaf 
itself  when  the  leaf  is  doubly  or  many  times  pinnate,  A  similar  interpretation  may  per- 
haps be  permitted  of  the  simply  pinnate  leaves  of  Cycadea:.  The  repeated  branching 
of  the  stamens  in  the  male  flowers  of  Ricinus  appears,  according  to  Payer',  to  proceed 
from  dichotomy,  and  to  a  certain  extent  even  from  polytomy,  commencing  at  an  early 
period.  The  separate  stamens  appear  as  roundish  protuberances  on  the  floral  axis,  and 
each  of  these  immediately  forms  two  or  more  similar  protuberances  on  its  surface,  and 
on  these  the  same  process  is  again  repeated.  When  mature,  the  stamens  (Fig,  139) 
appear  as  if  divided  dichotomously  or  tricbotoVnously  upon  long  stalks,  the  branches 
bein"  developed  somewhat  irregularly 


above  into  two  equally  strong  branches,  each  of 
sing  probably  by  dichotomy ;  the  weaker  brandies 
umerous  pinna;  foim  a  scorpioid  cyme  produced 
est   beantiiiil  foi-ms  of  leaves,   the  history   of  the 
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On  an  originally  monopodial  branching  depends,  on  the  other  hand,  the  form  of 
the  pinnate,  lobed,  divided,  and  toothed  foiiage-Ieaves  of  Angiosperms '.  The  leaf 
appears  on  the  cone  of  growth  as  a  roundish  protuberance  which  quickly  broadens  into 
a  shell-like  form  (Fig.  140,  ^,  t),  and  grows  vigorously  at  its  apex.  Beneath  the  apex 
protuberances  arise  at  the  right  and  left  in  acropetal  order;  these  also  grow  in 
the  same  manner  at  their  apex  (/),  and  produce  again  lateral  protuberances  of  the 
second  order  [^) ;  which,  according  to  the  extent  to  which  the  surface  of  the  leaf  is 
developed,  become  lobes  of  a  simple  leaf  or  distinctly  separated  leaflets. 

"When  two  rows  of  lateral  branches  arise  successively  on  the  median  axis  of  the  leaf, 
they  generally  remain  weaker  than  it,  and  their  lateral  branches  are  also  less  numerous 
and  weaker ;  the  development  of  such  an  originally  monopodial  branch-system  of  leaves 


hefir^tocdcrj^'J 


is  therefore  racemose.  But  the  development  may  also  be  cymose,  and  may  even  lead  to 
the  formation  of  sympodia,  especially  when  only  one  branch  arises  right  and  left  on  the 
primary  leaf.  This. is  the  case,  for  instance,  in  the  leaves  of  Hilleborvi,  Rubtu,  and  of 
several  Aroide^,  as  Souromaium  and  AmarfhophaUm.  Fig.  141,  A  represents  a  weakly 
leaf  of  the  last-named  plant  with  only  one  branch  on  each  side ;  but  when  the  leaves 
attain  a  more  vigorous  development,  as  shown  at  5,  each  lateral  lobe,  2  2,  forms  on  its 
outer  side  again  a  lobe  of  the  third  order,  3  3,  which  again  produces  a  similar  one  of  the 
fourth  order,  4  4,  and  so  on.  According  to  the  general  definitions  given  above,  the  first 
branch  of  the  leaf,  i,  forms  with  22a  dichasium;  but  each  branch  of  the  dichasium 


'  This  was  Grit  shown  in  detail  by  Nageli  (Pflanzenphys.  Uiilersueh.  von  Nagtli  Hud  Cramer, 
Heft  II)  in  the  leaves  of  Aralia  sjAiOiO.— See  Eichler,  Zur  Entwickeiungsgeschichte  des   Biattea 
1,  Marlmig,  1861).      " 
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developes  further  only  on  one  side,  the  new  branches  always  arising  either  only  on  the  left 
or  only  on  the  right  side,  ;  from  2,  and  4  from  3 ;  every  lateral  branch  thus  produces  a 
sympodial  system,  and  in  fact  a  helicoid  cyme. 

If  now  the  basal  pieces  2,  3,4,  combined  in  a  sympodial  manner  on  both  lateral  shoots, 
are  imagined  to  be  much  shortened,  so  that  the  bases  of  the  lobes  2,  3,  4  come  close  to 
the  base  of  the  lamina  i,  then  all  the  lobes  of  the  leaf  will  appear  to  spring  from  one 
point,  and  the  leaf  is  called  digitate.  It  would  appear,  however,  that  such  leaves  may  also 
arise  by  the  formation  from  the  broad  end  of  the  young  leaf  itself,  first  of  a  middle  lobe, 
and  then  of  new  lateral  lobes  right  and  left  from  above  downwards,  as  in  Lupinui, 
according  to  Payer's  drawings  (Organogenie  de  la  fleur,  pi.  10+).  If  the  lobes  remain 
completely  united  or  have  the  appearance  of  a  continuous  lamella,  we  have  a  peltate 
leaf.  It  is  impossible  to  go  more  into  the  detail  of  these  processes  without  numerous 
illustrations  which  cannot  be  given  here.  Fig.  142  will  explain,  in  conclusion,  the 
origin  of  the  qua<lripartite   lamina  of  the   leaf  of  MarsHea  Drummondi,  according  to 

Hanstein  (Jahrb.  fur. 
wissen.  Bot.  vol.  IV). 
The  leaf  has  its  origin 
in  a  cell  of  the  cone 
of  growth  of  the  stem, 
which,  becoming  the 
apical  cell  of  the  leaf, 
produces  two  rows  of 
segments  from  which 
the  right  and  left  halves 
are  formed.  Thus  a 
broad  cone  first  arises, 
growing  at  its  apex,  and 
bent  towards  the  stem 
{A,  B) ;  when  this, 
which  is  the  future 
petiole,  has  attained  a 
certain  height,  it  in- 
creases in  breadth  right 
and  left.  Beneath  the 
still  gro  wing  apex,Z>,ij, 
ides;  and  while  the  latter  (destitute  of  an  apical 
(C,  Aj),  its  apical 


a  protuberance  (jM)  a 
cell)  becomes  still  mor 
cell  disappears  and  so 
like  th  1  I  t  al 
Thus  q    dnp 

have  r      It  d  f 
lobes  th  > 

margin        d  tl 

narroi     th  y    ppe 
petiole 


rises  on  both 

;  arched  (C,  stb),  the  apical  growth  of  the  leaf 


1  two  equally  strong  outgrowths  a! 
')    ndg 


1  t 


ir  the  apical  point  which 
,     t    b      d  I  b        1  th    1     ." 
tl      lat  rai  1  b        1  wl 
bj   d    h  t  Th    f 


(d)    . 


; 


In    I.J     p  d 
always       d    t  th 


th 


f  L   fb        g  Sh 
L  \      P    1      m        q 

t      gild      I  ped  d   1 


h  b 
t  A 


11  th    b        h     d 
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t  tl     f 
h     t       ( 


'  Compare  further  Trecul,  Formation  des  feuilles,  in  Ann,  des  Sci,  Nat.  vol.  : 
Payer,  I.  c.  p.  403 ;  also  Erilwickelung  der  Blattgestalten,  Jena  1 S46. 
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gisdnly        th)       gtb       h  thbf 

p  daily        d         ft  sc    p     d  Th        tt       h 

J  Ml      }  h  th  t  th        t  tl         f      b 

b  f       t  t  1      t     th  t     f      m  It 

tdthd  tbt  1  d         tthdff        t 

ytmpd       dfm       dhtm  g  d       p 

)    pod   1  f     K       t     f  d   h  t  m  Id  fi  d         I  tt 

S  I  gi     !l      wh   h  It  vat  d         11  h  t  h  O     tl 

F  d  Rh         rp        i  h    Id  b         d    t    th    d 

classes  m  Book  II. 

The  branching  always  originates  monopodially  in  the  step 
ceie,  and  Coniferte,  and  here  also  its  future,  development  i: 
bran  eh- systems  of  Mosses  also  always  originate  monopodially,  butai 

sympodially  (as  th  t  of  Acrocarpous  Mosses  beneath  the  sexual  oi^ans).     It 

is  often  very  i     g  1      b  t  metimes  of  such  a  nature  that  much-branebed  systems 

of  shoots  devel  p  ra  os  ly  nd  assume  defined  outlines,  like  those  of  multlpinnate 
leaves,  as  in  ^/  Th    d    m,&c. 

The  branch    g     t  M  tyledons  and  Dicotyledons  is  always  originally  monopodial, 

but  the  mode  of  1      1  p        t    f  the  system  is  extraordinarily  variable ;  on  the  same  plant, 

and  even  on  tl  b        h    ystem,  different  forms,  both  racemose  and  cymose,  may 

Th     pit         f  th     different  forms  of  development  are  usually  very  con- 

p  fl  d    re  of  many  different  kinds ;  and  since  the  attention  of 

bt       thb        tmdf         long  time  in  Ibis  direction,  they  are  not  only  copiously 

mpl  yd        th     des     ption  of  plants,  but  also  furnished  with  names,  which  are  here 

used  g       al  sense.    A  more  special  description  of  those  branch-systems 

wh    h       th     as     f  Flowering  Plants,  are  called  Inflorescences,  will  follow  in  the  general 

d      t  f  A  g    sperms  in  Book  II  ;  here  it  is  only  necessary  to  mention  that  (he 

fm    dtgihdas  spikes,  racemes,  and   panicles  are  examples  of  the  racemose 

d      1  p       t     wh  1      those    termed    dichasia,    cymose    umbels    (in    Euphorbia),    and 

p     d      d  h  1      d  cymes,  are  examples  of  the  cymose  development  of  branch- 

y  t  m       h   h  t  first  monopodia!. 

E      5     th      f  f  vegetative  branching  of  Flowering  Plants  may  be  regarded  from 

th  p      t     t        w.      The   formation   of   sympodia  is   not  unfrequently  brought 

b     t  by       est     f  th     growth  of  the  terminal  portion  or  bud  of  the  shoot,  while  the 
tit      1  b  d  d    'elopes  more  vigorously,  and  appears  like  a  continuation  of  the 
th       1      t  Rab'mia,  Corylus,  Cercii,   and  many  other  plants ;   in  the  lime  the 

p  m  y  t  t  If  sympodium  formed  in  this  manner.  If  the  flower-hearing  shoots 
above  ground  die  annually,  while  the  underground  portions  remain  in  a  living  condition, 
underground  sympodia  sometimes  arise  composed  of  the  comparatively  short  but  thick 
basal  portions  of  numerous  larger  shoots  which  have  long  since  died  off.  This  is  the  ease, 
for  instance,  in  Poljgonatum  muli\fioruin,  the  underground  stem  of  which  is  known  under 
the  name  of  Solomon's  Seal.  In  Fig.  145  is  represented  the  anterior  portion  of  one  of 
these  underground  stems,  those  produced  during  eight  previous  years  having  been  re- 
moved. The  stem  denoted  by  b  tS66  is  the  lower  portion  of  the  upright  aerial  shoot 
bearing  leaves  and  lateral  flowers,  which  was  in  existence  in  that  year ;  but  this  shoot  is 
itself  only  the  terminal  part,  its  much  thicker  basal  portion  is  denoted  in  the  diagram  B 
(as  seen  from  above)  by  n  +  a  ;  the  slenderer  terminal  part  dies  off  in  Ihe  autumn,  and  at . 
i,  i,  beneath  the  numbers  1864  and  1B65,  are  shown  the  scars  which  remain  behind 
after  the  death  of  the  similar  earlier  terminal  parts.  The  portion  of  the  sympodium 
here  represented  thus  consists  of  the  three  basal  portions  «,  o  +  i,  n  +  2,  of  three  shoots, 
each  of  which  unfolded  its  aerial  portion  bearing  leaves  and  flowers  in  the  year  indicated. 
In  the  same  manner  the  bud  n  +  j  will  now  develope  further ;  it  springs  from  the  axil 
of  the  leaf,  the  scar  or  insertion  of  which  is  denoted  by  9".  The  basal  portion  of  the 
shoot  which  proceeds  from  it  will  add  a  new  piece  to  the  sympodium,  its  terminal  part 
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It  is  evident  that  the  processes  of  growth  would  n 


precisely  the  same,  if,  at  the 
close  of  each  period 
of  growth,  after  the 
bud  for  the  next 
year  had  attained 
sufficient  vigour, the 
whole  shoot,' includ- 
ing its  basal  portion, 
had  died  off  and 
decayed  ;  then,  of 
course,  no  sympo- 
dium would  be 
formed,  but  the 
development  of  the 
underground  buds 
would  nevertheless 
be  sympodial.  This 
occurs,  for  instance, 
in  our  native  tu- 
berous species  of 
Ofhryi,  but  with 
the  difference  that 
if  a  sympodium  were 
actually  formed,  it 

similar,  but  somewhat  more 


would  be  a  hclicoid  cyme.     The  processes  in  Colchicsi 
complicated. 

The  explanation  of  processes  of  growth  of  this  nature  requires  much  space,  as  is 
shown  by  the  above  example;  I  must  refer  therefore  to  the  labours  of  Irmiseh  men- 
tioned bslow*.  Where  the  leaves  are  clearly  developed  in  Monocotyledons  and  Dicoty- 
ledons— and  it  is  only  in  a  few  forms  of  inflorescence  that  this  is  not  the  case — it  is 
almost  always  easy  to  understand  the  true  nature  of  a  branch-system,  even  without 
microscopic  examination;  because,  with  but  few  exceptions,  the  branching  is  axillary; 
the  position   of  the  leaves  (hen  makes  it  sufficiently  clear  which  is  mother-shoot  and 


'  [Niederblitter  or  ' Calaphyllary  leaves'  of  Henfiey;  Braun's  Rejaveuescence  in  Nature;  ii 
Ray  Soc,  Botanical  and  Physiological  Memoirs,  1853,  p.  4.] 

=  Imiisch,  KnoUen  iind  Zwiebelgcwachse.  Berlin  1850.— Ditto,  Biologic  und  Morphologi. 
der  Orchi<leen.  Leipzig  1853.— Ditto.  BeitrSge  zur  Morphologic  der  Ptianzen.  Halle  i3,H,  iSs6— 
See  also  his  papers  in  Ihe  Botaiiische  Zeitnng  and  the  Regensburg  '  Flora.'  [Heiifrcy.  Bol.  Gaz 
i8so.  1851.] 
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which  lateral  shoot  when  we  have  sympodial  pseud-axes.  Sometimes,  however,  distor- 
tions occur  (e.g.  in  Solanaces)  which  might  lead  to  erroneous  conclusions  if  reference 
were  not  made  to  the  earliest  stages  of  development. 

Sect.  26.  The  Relative  Positions  of  Lateral  Members  on  a  Common 
Aais'. — In  order  to  bring  the  facts  which  we  have  now  to  consider  into  a  clear 
and  simple  arrangement,  it  is  necessary,  in  the  first  place,  to  explain  the  use  of  a 
few  technical  expressions  and  geometrical  modes  of  representation. 

By  the  term  Axial  Structure  or  Axis  is  to  be  understood,  in  future,  when  the 
contrary  js  not  expressly  stated,  any  member  that  continues  to  grow  at  its  apex 
and  produces  lateral  members;  for  example,  a  mother-root  with  its  lateral  roots, 
a  stem  with  its  leaves ',  the  mid-rib 
of  a  leaf  with  its  leaflets,  pinnse, 
or  lobes,  or  a  thailus-shoot  with  its 
lateral  outgrowlhs. 

If  two  or  more  similar  lateral 
members  proceed  in  different  direc- 
tions from  the  same  transverse  zone 
of  an  axis  they  constitute  a  ^hvl 
A  true  whorl  results  when  the  zone 
of  the  axis  which  produces  it  is 
always  at  right  angles  to  the  a\is 
(Fig.  1^6)  a  Spurious  or  pseudo 
Whorl  when  the  zone  is  the  re  ult 
of  unequal  development  of  the  i\is 
or  when  lateral  members  nhich 
were  firmed  it  the  same  level 
have  become  so  far  separated  by 
subsequent  unequal  elongation  of 
the  axis  that  they  appear  in  the 
mature  state  distributed  into  different 
zones.  Srmul/intousjf  ho/ Is  are  ihot,e 
whose  members  are  formed  simul-  ^^^  ^ 
taneously  (Fig.  144).  Whorls  are  ^'^"^^ 
successive  when  the  members  at  the  le^rDncs 
same  zone  grow  in  succession  either 
right  and  left,  as  is  shown  in  Fig  145,  and 


i  occurs  in  the  true  leaf-whorls  of 


'  Riiper,  l,iunffia,  182;,  p.  84.~-Schiaiper-Braim,  Flora,  1835.  pp.  145,  737,  J48. — Bravais, 
Ann.  des  Sci,  Nat.,  vol.  VII.  183;,  pp.  41,  193. — Wichura,  Flora,''i844,  p.  j6:.-— Sendtaer|'Flora, 
1847,  pp.  201,  317.— Brongiiiart,  Flora.''i849,  p,  25.— Braun,  Jahrb.  fiir  wissen.  Bot.  vol.  I.  1858,  p. 
307 — Innisch,  KlQra,lB5i,  pp.  81,  497,— Hanstein,  Flora,''i857,  p.  407.— Schi^lpe^.ditto,p.68o.— 
Buchenau,  Flora,  i860,  p.  448. — Slenzel,  Flora,  l36o  p  4c, — Numerous  paptrs  by  Wydler,  e.g. 
Liiin;ea,  1S43,  p.  153;  Flora,  1844,  1850,  1851, 18,7  1859  i860  1863,  and  elsewhere.— Hofmeister, 
Allgemeine  Morphologie  der  Gei*-ebe.  §|  8,  9.  [Haughton  Manual  of  Geology.— ^Ellis,  Mathe- 
matical Tracts.— A.  Dickson,  Trans.  Royal  Soc  Ed  nb  vol  XX\  I.  p.  505.— Cbauncey  Wright.. 
Mem.  Amer.  Acad.  vol.  IX.  p.  379,— H.  Airy,  Protcedi  £=  Rojal  Society,  vol.  XXI.  p.  176.— 
Beal,  American  Naturalist,  1873,  vol.  VII.  p,  449] 

=  [The  term  Phyllolaxis  ia  used  in  works  on  descr  ptive  bola  \  to  denote  the  mode  of  arrange- 
ment of  leaves,  and  especially  of  the  foliage-leaves  on  the  elem  ] 
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Chira  ;  qt  in  a  different  order,  as  in  the  true  leaf-whorls  of  Salvinia  {vide  injrd), 
and  in  the  three-  or  five-parted  calyces  of  most  Phanerogams. 

The  lateral  members  are,  on  the  other  hand,  isolated  or  scallered  when  each 
member  stands  on  a  different  zone  of  the  axis.  If  the  surface  of  an  axial  structure 
(which  sometimes  is  quite  imaginary,  as  in  Nephrodtum  Filix-mas,  &c.)  is  supposed 
to  be  continued  through  the  base  of  each  lateral  member,  the  section  forms  its  Plane 
of  Insertion.  An  imaginary  point  in  this  is  considered  its  organic  centre,  but  does 
not  usually  correspond  to  its  geometrical  centre ;  this  point  may  be  termed  the  Point 
of  Insertion  (see  Sect.  27).  A  plane  which  bisects  a  lateral  member  symmetrically, 
or  divides  it  into  two  similar  halves,  and  contains  the  axis  of  growth  of  the  lateral 
member  as  well  as  that  of  the  axial  member,  passes  through  the  point  of  insertion, 
and  is  called  the  Median  Plane  of  the  lateral  member  in  question.  If  members  are 
so  arranged  at  different  heights  on  an  axis  that  their  median  planes  coincide,  they 
form  a  straight  row  or  Orthostichy;  generally  there  are  two,  three,  or  more  orthostichies 
on  an  axial  structure,  and  the  members  are  then  said  to  be  recti-serial.     If  there  are 


no  orthostichies,  ;'.  e.  if  the  median  planes  of  all  the  members  intersect  one  another 
on  an  axis  without  coinciding,  their  arrangement  is  solitary. 

The  angle  which  the  median  planes  of  two  members  of  the  same  axis 
enclose  is  their  Divergence;  it  is  expressed  either  in  degrees  or  as  a  fraction  of 
the  circumference  of  the  axis,  which  is  then  supposed  to  be  a  circle,  although  in 
fact  this  is  not  usually  the  case.  In  order  to  represent  the  divergences  clearly,  they 
may  be  drawn  on  a  horizontal  section  of  the  vertical  axial  structure,  in  the  manner 
represented  in  Figs.  146  and  147.  The  transverse  sections  of  the  axial  structure 
which  bear  the  lateral  members — -in  this  case  leaves — are  denoted  by  concentric 
circles,  the  outermost  circle  corresponding  to  the  lowest,  the  innermost  to  the 
highest  transverse  section.  On  these  circles,  which  thus  represent  the  relative 
ages  from  without  inwards  according  to  their  succession  in  the  acropetal  develop- 
ment of  the  axis,  the  positions  of  the  members  are  denoted  by  dots,  or  the  forms 
of  the  planes  of  insertion  themselves  may  be  approximately  indicated,  as  in  the 
figures.     On  such  a  projection  or  diagram  the  median  planes  of  the  members 
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appear  as  radial  lines,  indicated  in  Fig.  146  by  I-V.  Sijice  in  this  case  several 
members  stand  upon  each  median  plane,  they  are  arranged  in  orthostichies ;  and 
these  again  are  so  placed  that  fhey  divide  the  circumference  into  five  equal  parls. 
But  if  the  members  are  considered  in"  reference  to  their  age,  as  indicated  by  the 
figures  i-ii,  it  is  seen  that  the  divergence  between  i  and  a  is  f,  as  also  is  that 
between  2  and  3,  between  3  and  4,  and  so  on.  The  divergences  are  therefore  all 
equal,  or  the  members  have  in  this  case  the  constant  divergence  |-.  In  Fig.  147 
.  the  members  are  arranged  in  a  quaternary  whorl;  on  each  circle  or  section  there 
stand  in  this  case  four  similar  members  with  the  divergence  i;  but  the  successive 
whorls  are  so  placed  that  the  median  planes  of  one  whorl  exactly  bisect  the 
angle  of  divergence  of  the  preceding  and  following  whorls;  the  whorls  are  here 
aliernale,  and  all  the  members  are  arranged  in  eight  orthostichies.     If,  on  the  other 


hand,  two  whorls  stand  one  over  the  other  in  such  a  manner  that  their  members  fall 
into  the  same  median  planes  or  cover  one  another,  they  are  said  to  be  superposed. 
Thus,  for  instance,  the  staminal  whorl  is  superposed  to  that  of  the  corolla  in 
Primula;  and  in  the  primary  roots  oi  Phaseoltts,  Tropceolum,  Cucurbila,  and  other 
Dicotyledons,  superposed  whorls  of  lateral  roots  not  unfrequendy  occur.  When 
alternate  whorls  have  only  two  members,  they  are  said  to  be  decussate,  as  in  Ftg.  144, 
a  very  common  arrangement  with  leaves. 

If  it  is  required  to  represent,  by  a  horizontal  projection  not  merely  the  diver- 
gences on  an  axis  but  those  on  an  asial  system,  such  as  a  system  of  leaf-bearing 
shoots,  it  may  be  done  on  the  same  principle,   as  is  shown  in  Fig.  148.     Each 
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Sjstem  of  concentnc  circles  compnaes  tie  mtmbers — n  this  case  le 
axis  the  lateral  axes— here  secondary  shoots — are  interposed  between 
of  the  respectue  leases  and  their  primary  a\  s 

If  the  axial  members  are  greilly  shortened  the  view  (from  above)  of  an 
axis  w  th  its  lateral  members  often  itself  supplies  the  diagram  as  for  nstance  m 
the  leaf  rosettes  of  Crissulaceie  aid  m  mo  t  flowers  In  other  cases  a  t  insverse 
wction  through  the  bud  enables  the  obser\er  to  exam  ne  he  d  mergence  of  the 
leavts  but  in  manj  otter  cases  the  rehlive  pjsitions  are  more  ob  cuie  an!  can  . 
•onh  be  ascertm  cd  by  careful  examination  In  addit  on  to  the  study  of  the  history 
of  de\elopment  pirticular  methods  depending  on  geometrical  principles  are  otten 
necessiry  in  orler  to  represent  the  relative  poa  t  ons  correctly  and  at  the  same 
time  clearlj 

1  here  are  also  circumstances  m  which  it  is  desirable  instead  of  representing 
the  relati\e  pos  tions  on  a  horizontal  projection  to  project  them  on  the  unrolLd 
surface  of  the  axial  structure  considered  is  a  cjlnder  the  surface  of  which  s 
flattened  ou  The  transverse  sett  ons  of  the  axis  Ijing  one  over  another  are 
denoted  on  this  surtacc  bv  straight  hor  zontal  lines  on  which  the  positions  of  the 
members  aie  drawn 

Among  the  i  flerent  arbitrary  tonstructicns  which  ma>  be  attempted  on  paper, 
for  the  purpose  oi  comparing  the  relat\e  postions  of  the  members  on  an  axis 
or  of  reducing  them  to  si  ort  geometrical  or  arithmetical  expressions  the  followug 
has  been  emploved  A  line  is  imagmed  proceeding  from  any  one  of  the  older 
members  in  such  a  d  rect  on  tl  at  passing  round  the  axis  towards  the  right  or 
the  left  It  includes  the  points  of  insert  on  of  all  the  suLcessne  lateral  members 
in  the  order  of  theu'  age  the  horizontal  project  on  of  this  line  is  calkd  the 
Genelu  Spin!  in  realty  it  is  a  spiral'  rtmn  ng  round  the  stem  more  or  less 
regularly  The  importance  of  this  construction  has  been  \erj  much  o%erTated 
and  It  has  been  emjlojed  where  it  is  not  only  inappheable  to  the  eluc  dation  of 
the  history  of  development  but  even  where  it  has  not  e\ei  a  geometrical  meaning 
and  no  longer  as«i  ts  a  concept  on  of  the  relatue  pos  tions  but  even  makes  it 
more  d  flicuU  and  complicated 

When  we  are  dealing  w  th  sol  tarj  leaves  or  shoots  standing  out  from  the  axis 
n  three  four  fi\e  e  ght  or  more  directions  and  when  the  d  vergences  are  r  ot  too 
variable  the  construction  of  the  genetic  spiral  is  of  excellent  service  for  a  ready 
understanding  of  the  position  of  the  leaves  (F  g  149)  anl  a  more  exact  knowledge 
of  the  pecuhar  properties  of  this  ideal  line  mv,  under  tl  ese  circumstances  be  of 
great  !  se  m  morpholo^j  In  some  cases  it  may  be  applied  with  advantage  eien 
to  the  relative  p  s  tion  of  whorh  but  in  a  large  number  other  constructions  appear 
much  more  natural  slice  they  aff"ord  an  easier  explanation  of  the  relative  positions, 
and  are  n  ore  in  accordance  w  th  the  phenomena  ot  growth  The  construction 
of  the  desired  genetic  spual  is  altogether    mpossible  where  the  leaves  are  formed 


'  If  the  spiral  winds  from  rifiht  to  left,  the  right  edge  of  the  leaves  (as  you  aseend)  is  called  the 
iathodie,  the  left  edge  the  anodic ;  the  reverse  in  the  spiral  of  an  opposite  direction  seen  from 
without. 
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in  simultaneous  whorls',  as  the  petals,  stamens,  and  carpels  of  most  flowers;   or 

even  in  successive  whorls  where  the  members  are  formed  in  advancing  order  right 

and  left,   as  in   Characeae    and   the  flowers  of 

Ji^eda  (Fig.  14S).     In  the  successive  whorls  of 

Salvinia  nafam  the   construction  of  a  genetic 

spiral  would  be  equally  impossible.     Fig.  tgo,  B 

shows  the  diagram  of  the  stem    of  this  plant 

with  three  consecutive  three-leaved  whorls;    in 

each  of  these  the  leif  7t  v^   formed  first    then 

the   leaf  L      -ind   hnally   the   le-if  L^       If  an 

attempt   be   mide    to    construct    the    spiral     it 

must  pa  s  from  Ji)  over  L    across  to  L^    then 

again    m    the    sime    d  rection    o\er   v.    across 

to  ij     the    figure  thus  f-irmel   is  a  circle    in 

wh  ch  the  diiergences  of  successive  leaves  ^ar) 

greatly      If  we  now  piss  to  the  next  whorl  the 

hne  proceeds  in  a  spiral  direction  to  the  next     I,e^ac"^a'ii'nith7g'^^  spiralis  obtained. 

leafw     but  tlaen    to  retain  the  genetic  succea 

sion  in  the  second  whorl    the  hne  must  be  continued  in  an  opposite  direction ; 

and  this  IS  repeated  with  everj  new  vthorl      It  is  evident  that  no  clear  conception 

can  be  obtanel  m  th  s  forced  manner    inl  the  whole  construction  appears  alto- 
gether supe  fluoas   since  it  is 

required  by  no  feature  in  the 

history  of  development     The 

stem  of  this  plant  is  construct 

ed,  as  Prn  j,she  m  has  shown, 

of  two  rows  of  segments  {(?, 

.ffi/.A'.&c.,  inFig.  150,^), 

which    arise    alternately    right 

and  left  from  the  apical  cell. 

Even  before  the  production  of 

the  leaves  each  segment  under- 
goes various  divisions,  and  in 

this  manner  the  stem  is  built 

up  of  transverse  disks  which 

are    in     alternate    succession 

nodes  and  internodes.     Each 

nodal    disk    consists    of  the 

anterior    half    of     an     older  .... 

segment    and     the    posterior 

half  of  a  segment  next  younger  in  age,  as  shown 

is  formed  of  a  wliole  segment  of  one  row  and  of  f 


n  the  figure.     An  intemode 
)  half-segments  of  the  other 


'.  Many  writers  employ  even 
considering  arbitrarily  as  of  succ 
but  this  is  not  in  harmony  with  3 


1  such  cases  the  conceptions  borrowed  from  a  spiral  arrangement, 
sive  origin  the  members  of  the  whorl  which  arise  simultaneously; 
me  scientific  method. 


vGooqIc 


192  MORPHOLOGT  OF  MEMBERS. 

row.  Nodal  cells  occupying  clearly- defined  positions  produce  the  leaves  in  the 
order  stated.  This  development  furnishes  no  evidence  that  the  leaves  are  formed 
in  spiral  succession ;  the  bilateral  structure  of  the  stem  shows  rather  that  a 
spiral  construction  is  in  this  case  altogether  inadmissible.  The  same  may  be 
shown  to  be  the  case  in  Marsilea,  where  the  creeping  stem  bears  on  its  upper 
side  two  rows  of  leaves,  while  the  under  side  forms  roots;  the  leaves  borne  on 
the  upper  side  may  in  this  case  be  united  in  the  order  of  their  age  by  a  zigzag 


line  broken  right  and  left,  which  does  not  anywhere  touch  the  leafless  under  side 
of  the  stem,  and  corresponds  in  its  course  to  the  bilateral  structure  of  the  stem. 
The  spiral  construction  appears  also  to  be  meaningless  in  all  those  cases  where  it 
is  indifferent  whether  the  spiral  be  carried  right  or  left.  This  is  the  case  where  the 
members  are  placed  in  two  rows,  with  a  constant  divergence  of  \,  and  are  thus 
arranged  alternately  in  two  orthostichies  lying  exactly  opposite  to  one  another,  as  is 
the  case  with  the  branchings  of  many  thallomes  {e.g.  Slypocaulon,  Fig,  io8,  p.  139), 
the  leaves  of  Grasses,  the  lateral  shoots  of  the  lime,  elm,  hazel,  &c.     In  all  these 
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cases  of  decidedly  bilateral  construction  the  genetic  spiral  might  be  imagined  just  as 
well,  and  with  the  same  divergence,  ascending  right  or  left,  by  which  of  course  it 
loses  its  importance  for  anj'  morphological  conclusion,  as  much  as  if  one  supposed 
it  to  change  its  direction  from  leaf  to  leaf 

It  is  principally  in  upright  axes  with  solitary  leaves  arranged  in  three,  four, 
five,  or  more  directions,  that  the  spiral  construction  appears  conformable  to 
nature,  and  agrees  with  the  symmetrical  relationships  of  plants,  of  which  mote 
will  be  said  hereafter.  The  spiral  construction  proves  to  be  opposed  to  nature 
in  bilateral  structures,  e^ecially  in  creeping  or  climbing  stems,  and  in  lateral 
branches. 

In  those  cases  in  which  the  spiral  construction  may  be  employed  naturally 
to  elucidate  the  relative  positions  of  the  members,  two  cases  may  be  distinguished, 
according  as  the  divergences,  on  the  one  hand,  are  very  unequal  and  change 
abrupdy,  or,  on  the  other  hand,  are  nearly  or  quite  equal  to  one  another  or 
only  change  gradually.  In  the  first  case  the  members  appear  Co  be  arranged 
irregularly  and  without  order,  as  the  foliage -leaves  on  the  stem  of  Friiillaria 
imperialis  (Fig.  151),  the  flowers  on  the  rachis  of  the  raceme  of  Triglochin 
palusire  or  of  many  Dicotyledons.  When  the  change  of  divergence  on  the  same 
axis  is  abrupt,  it  may  also"  ap- 
pear more  natural  to  represent 
the  phyllotaxis  by  two  homodromal 
spirals  instead  of  one,  as  in  many 
species  of  aloe,  where  the  shoots 
commence  with  leaves  arranged  in 
two  rows,  and  then  pass  over  into 
complicated  divergences  which  lead 
finally  to  rosettes  of  leaves  radiat-  Fics!— T™i.ftM5ecnoiiofashMiuf.iivJ»Ta. 

ing    on    all    sides.      This    occurs, 

e.g.  in  Aloe  eiliaris,  lati/oUa,  hrachyphylia,  Lingua,  nigricans,  and  Serra.  Fig. 
153  shows  the  transverse  section  of  a  shoot  of  the  last-named  species;  the 
first  six  leaves  are  arranged  alternately  in  two  rows  with  a  constant  diver- 
gence \;  at  the  7th  leaf  this  arrangement  is  suddenly  changed;  instead  of 
being  placed  over  5,  its  position  is  between  5  and  6;  but  the  8th  leaf  exhibits 
the  divergence  \  from  the  Jth ;  the  9th  again  changes  the  divergence,  instead  of 
being  placed  over  y,  it  is  between  7  and  6;  the  loth  leaf  again  diverges  about  \ 
from  the  9th;  and  so  on.  The  leaves  J-15  are  evidently  arranged  in  pairs, 
the  pairs  being  7,  8;  9,  10;  11,  12;  13,  14;  each  pair  consists  of  two  alternate 
(/',  e.  not  opposite)  leaves,  the  divergence  of  which  is  \ ;  but  the  pairs  them- 
selves diverge  from  one  another  by  smaller  fractions.  If  it  is  desired  to  unite  all 
the  leaves  from  i  to  15  by  a  genetic  spiral,  an  abrupt  alteration  of  the  divergence 
would  occur  in  it.  The  relative  positions  are  shown,  however,  more  simply 
and  clearly  if,  keeping  in  view  the  bilateral  origin  of  the  shoot,  two  spirals  are 
constructed,  each  of  which  commences  from  one  of  the  original  orthosdchies,  and, 
so  to  speak,  continues  it  in  a  spiral  curve ;  the  one  contains  all  the  leaves  with  an 
even  number,  the  other  those  with  an  uneven  number ;  the  two  are  homodromal, 
running  in  the  same  direction  round  the  stem.     The  bilateral  origin  of  the  shoot 
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of  an  axs     shoo      whi  h   fti 
arraii  en  ei  ts    i'!  J    and  then 


mv,  Le  followed  m  this  minner  up  to  the  term  i  al  ro  ette  rf  leases  Sinilar 
phjilotaxes  appear  to  ocmr  in  Drr  tna  and  in  ome  Ar  de'i,  and  at  first  sight 
present  the  ip[  earance  is  if  the  leaies  were  placed  in  two  rows  which  have  become 
changed  into  spirals  by  the  tors  on  of  the  stem 

If  we  now  turn  to  tl  ose  cases  wh  ch  clearl)  ga\e  rise  to  the  erroneous 
hypothesis  that  the  p  imarj  law  of  phjlloiaxis  is  i  uniiersaJ  sp  ral  arrangement 
we  find  [he  leaves  pSaced  singl)  and  their  dnergeices  limost  or  quite  equal  or 
^raduallj  pas<iing  over  into  some  other  value  thus  corresponding  to  the  second 
ca-ie  named  above  of  spiral  arrangement  In  these  ca^es  the  sp  ral  construct  on 
affords  a  simple  CfpretiS  on  of  the  lav  of  phjllotaxi'^  the  onlv  thing  required 
iS  to  name  tie  con  tant  angle  of  dvergence  — accordmg  as  this  is  3  4  ^  -^  a 
S-c  the  phjllotaxis  is  termed  smph  one  of  ^  ;J  ^  and  so  on  It  s  usual  in 
such  cases  for  tht  divergence  not  to  remam  constant  for  all  the  lateral  members 
leaves  mostlj  begin  with  more  imple 
into  more  complicated  ones  an  arrange 
ment  beinj,  cons  dertd  more  cumpl  cated 
when  the  1  umcrttor  and  denominator 
f  the  fracton  of  divergence  '»re  larger 
\\hen  the  dveroences  betveen  lateral 
n  embers  placed  solitar  Ij  vi  th  a  sj  ral 
arrangement  are  equal  they  mu  t  also 
stand  m  str«ght  ro  vs  the  number 
of  which  is  eirpTessed  bv  the  denom 
inator  of  the  an|,le  of  divergence  If 
for  instance  the  divergence  is  a  constant 
one  of  3  as  in  Fig  153  there  are  e  ght 
orthoslichies  the  9th  member  standing 
on  the  same  med -m  plane  as  the  ist 
Ficisi-  DiJB""'  .M  whihh  J  h  =  the  roth  as  the  2nd,  the  nth  as  the 
3rd,  and  so  on.  In  a  f  phyllotaxis,  in 
the  same  manner,  the  6th  member  stands  over  the  ist,  the  7th  over  the  and,  and  so 
on.  In  some  cases  the  orthostichies  are  very  obvious,  as,  for  instance,  in  cacti  with 
prominent  angles  to  the  stem,  the  angles  corresponding  to  the  orthostichies  of  the 
spirally  arranged  leaves,  which,  however,  in  this  case  mostly  remain  undeveloped. 
In  verticillate  leaves  also  the  straight  rows  are  mostly  conspicuous  if  the  shoot  be 
looked  at  from  above,  as,  for  instance,  in  the  decussate  two-leaved  whorls  of  Eu- 
phorbia Laihyris,  and  the  cactus-like  E.  canariensts. 

When  the  members  of  a  spiral  phyllotaxis  with  a  constant  angle  of  divergence 
stand  sufficiently  close  to  one  another,  other  spiral  arrangements  are  easily  seen, 
one  of  which  may  be  followed  to  the  right  and  the  other  to  the  left,  and  more  or  less 
completely  concealing  the  genetic  spiral.  These  rows  are  called  ParasUchies,  and 
are  particularly  clear  in  fir-cones,  the  leaf-rosettes  of  Crassulacese,  the  flower-beads 
of  the  sunflower  and  other  Compositje,  and  the  spadices  of  Aroidere.  They  may  be 
seen  in  every  spiral  phyllotaxis  with  a  constant  divergence,  and  can  always  be  made 
clear  in  the  diagram,  or  when  the  arrangement  is  represented  on  an  unrolled 
cylindrical   surface.     The    consideration   of  these   constructions   leads   to    definite 
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geometrical  rules,  by  means  of  which  the  genetic  spiral  can  be  easily  deduced 
from  the  paras  ti  chi  es  ^, 

It  is  evident  that  the  constructions  hitherto  mentioned  can  only  be  more  pc 
less  convenient  aids  to  an  understanding  of  the  actual  principles  of  the  arrangement 
of  leaves.  But  in  order  to  obtain,  with  their  assistance,  a  deeper  insight  into  the 
processes  of  growth  themselves  of  which  these  principles  are  the  result,  it  is 
necessary  to  follow  the  development,  and  in  every  single  case  to  ask  the  question, 
what  circumstances  are  the  cause  of  a  new  member  being  formed  just  in  this  place, 
and  nowhere  else.  It  may  be  well,  tTierefore,  to  bring  forward  here  some  of  the 
points  which  must  be  considered  IR^.reference  to  this  view, 

(i)  The  first  point  is  always  to  determine  with  certainty  the  order  of  succession 
in  which  the  lateral  members  ate  formed. 

(z)  Attention  must  be  paid  not  only  to  the  lateral  divergence,  but  also  to  the 
longitudinal  distance  at  which  a  new  member  is  formed  at  the  growing  point  above 
the  members  last  preceding  it.  The  longitudinal  distances  of  the  youngest 
lateral  structures  of  a  growing  point  from  one  another  are  usually  very  small ; 
there  is  often  no  sjiace  to  be  distinguished  between  them,  i.  e.  between  the 
planes  of  insertion  of  the  youngest  members.  This  circumstance  may,  on  the 
one  hand,  assist  in  the  determination  of  the  place  where  the  next  member  must  he 
produced ;  but,  on  the  other  hand,  may  give  occasion,  as  the  development  of  the 
axis  proceeds  with  its  crowded  lateral  members,  to  compression  and  distortion,  by 
which  the  original  arrangement  is  altered. 

{3)  By  the  increase  in  length  of  the  common  axis,  members  which  were  at 
first  closely  crowded  become  placed  at  a  considerable  distance  from  one  anothsr, 
while  others,  in  consequence  of  slower  growth,  remdn  closely  packed ;  so  that  a 
different  distribution  occurs  in  different  parts  of  the  stem,  as  in  the  leaf-rosettes  and 
flower-stalks  of  CrassulaceEe,  Agave,  Aloe,  &c.  In  the  same  manner  the  angle  of 
divergence  frequently  becomes  changed  by  the  more  rapid  increase  in  thickness  of 
the  axial  structure  on  one  side  than  on  the  other;  and  still  more  commonly  by 
torsion  round  its  own  axis  of  growth.  By  such  torsions  lateral  members,  arranged  , 
at  first  exactly  in  straight  rows,  become  displaced  so  that  the  orthostichies  appear  as 
if  wound  spirally  round  the  axis.  This  occurs,  for  instance,  according  to  Nageli 
and  Leitgeb,  in  the  root-systems  of  Ferns,  Equisetacese,  and  Rhizocarpeae,  as  well  as 
in  the  three-rowed  phyllotaxis  of  the  Moss  Fontinalh  antipyrdka,  according  to 
Leitgeb.  But  the  most  striking  example  is  furnished  by  the  stem  of  the  screw-pine, 
Pandanus  uliUs.  In  the  bud,  the  numerous  leaves,  already  strongly  developed, 
stand,  as  is  shown  by  the  transverse  section,  in  three  perfecdy  straight  lines  with 
the  phyEotaxis  \ ;  but,  as  the  development  of  the  stem  advances,  it  undergoes  so 
severe  a  torsion  that  the  three  orthostichies  are  transformed  into  three  strongly 
curved  spiral  hues  running  round  die  stem  (see  Fig.  154).  In  these  and  similar 
cases  the  change  in  the  relative  positions  caused  by  the  torsion  of  the  actual 
structure  can  be  easily  and  certainly  determined.  But  when  the  structures  are  so 
arranged  at  the  apex  of  the  axial  structure  that  the  angle  of  divergence  cannot 


'  As  the  treatment  of  the  subject  is  only  of  value  to  those  who  are  practically  concerned  with 
pbyUotaxis,  I  must  refer  to  the  detailed  description  in  Hofmeister-s  Mlgemeine  Morphologic,  5>.  , 
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be  accurately  estimated  by  an  apical  view  from  above,  it  must  remain  uncertain 
whether  the  position  of  the  mature  members  is  unchanged,  or  has  been  altered 
Igr  lateral  displacement  and  torsion  of  the  axis.  A  displacement,  for  instance, 
of  about  9°  would  be  sufficient  to  alter  the  (livergence  from  f  to  ^,  a  similar 
displacement  of  i'3°  would  change  the  divergence  from  -^^  to  ^f.  When  the  phyl- 
lotaxis  is  very  -complicated  and  the  number  of  the  longitudinal  rows  very  large, 
extremely  smaH  and  almost  inappreciable  distortions  are  sufficient  to  destroy  the 
original  arrangement,  and  to  bring  into  existence  altogether  different  systems  of 
parastichies.  This  -observation  is  of  in- 
terest so  far  as  it  makes  it  seem  doubtful 
whether  certain  complicated  phyllotaxes 
are  always  due  to  the  original  arrange- 
ment of  the  members'. 

(4)  It  must  be  observed  whether  the 
position  of  newly-formed  members  or  the 
subsequent  change  shows  any  relation  to 
the  direction  of  the  force  of  gravitation,  of 
the  light  which  falls  upon  them,  or  of  any 
pressure  acting  from  without^.  The  effect 
of  the  feirce  of  gravitation  is  that  primary 
shoots  which  are  in  the  main  upright  put 
forth  leaves  spreading  on  all  sides ;  while 
such  as  have  a  decidedly  horizontal  growth, 
in  which  a  rooting  under  side  is  contrasted 
with  an  upper  side,  usually  show  an  ar- 
rangement of  leaves  on  the  latter  in  two 
rows,  or  one  which  is  divided  into  two 
equal  halves  by  a  plane  cutting  the  stem 
longitudinally,  as  Salm'nia,  Mariika,  Poly- 
podium  aureum,  Plert's  apiiiina,  &c.  When 
vertical  primary  shoots  with  leaves  in 
several  rows  bear  secondary  horizontal 
branches  with  leaves  in  two  rows,  this 
relationship  is  less  clear,  as  in  the  cherry- 
laurel,  sweet  chestnut,  hazel,  &c.,  because 
an  influence  independent  of  gravitation 
must  in  these  cases  be  presumed  to  be 
exercised  by  the  primary  upon  the  lateral 
axis,  as  is  shown  by  the  position  of  the 
leaves  in  Ae  lateral  buds  before  unfolding  (see  Fig.  155,  p.  208}. 

(5)    It    must    farther    be    observed    whether    the  first   appearance    of  lateral 

■  [See  Aity,  Pmc.  Royal  fioc.  /.  e.] 

'  Hofmeisler  (Allgemeine  Morphologic,  55  13,  245  has  collected  a  series  of  facts  which  show 
relationships  of  this  kind  ;  hut.  both  with  reference  to  the  individual  facts  and  to  the  interpretation 
which  he  gives.  I  am  deddediy  of  a  different  ojrinioii,  the  reasons  for  which  would  carry  me  too  far. 
(rirfeiryVo,  Sect,  sj.) 
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members  is  preceded  by  circumstances  connected  with  their  development  which  assist 
in  determining  their  place  of  origin.  Of  this  nature,  for  instance,  is  the  connexion 
between  the  points  of  origin  of  lateral  roots  and  the  fibro-vascukr  bundles,  the 
course  of  which  determines  the  arrangement  of  the  roots  in  rows  ;  and  this  in 
turn  determines  the  lateral  roots  being  arranged  spirally  or  in  whorls.  Here 
the  arrangement  in  longitudinal  rows  is  clearly  the  general  and  primary  one ;  the 
divergences  and  longitudinal  distances  are  a  secondary  effect  determined  by  special 
accessory  circumstances.  The  pcant  of  origin"  of  a  lateral-  shoot  is,  on  the  other 
hand,  in  general  primarily  determined  by  its  relation  to  the  nearest  leaf,  since  it  must 
be  formed  beneath,  beside,  or  above  its  median  plane ;  forces  of  secondary  import- 
ance then  determine  whether  laOeral  shoots  are  formed  in  connexion  with  each  leaf 
or  only  with  particular  leaves  of  an  axis,  and  so  forth.  The  phyllotaxis  of  the  lateral 
shoot  may  differ  from  that  of  its  primary  shoot,  because  the  growth  of  the  latter 
assists  in  influencing  it  j  as,  for'  instance,  in  the  case  of  lateral  shoots  with  a  distichous 
phyllotaxis  on  primary  shoots  with  an.  arrangement  in  several  rows.  Under  this 
heading  falls  also  the  bilateral  brMiching  of  leaves,  whether  the  stem-  itself  be  bilateral 
or  multilateral.  The  dimensions  of  the  growing  point  and  the  thickness  of  the  axial 
structure  derived  from  it  may  also  determine  the  number  of  the  rows  of  lateral 
structures;  thus  thick  mother-roots  usually  produce  three  or  more  rows  of  secont'ary 
roots,  while  more  slender  primary  roots  produce  only  two  rows  or  at  all  events  a 
smaller  number.  Thus,  for  instance,  the  roots  of  Cryptogams  (according  to  Nageli 
and  Leitgeb),  the  thick  primary  roots  of  the  miuze,  oak,  pea,  searlet-runner,  &c., 
■form  three,  four,  five,  six,  or  more  orthostichies  of  lateral  roots,  which,  on  their  part, 
are  much  slenderer  and  produce  fewer  orthostichies.  The  same  is  not  unfrequendy 
the  case  with  the  phyllotaxis  of  stems.  When  the  size  of  the  growing  point  increases, 
the  leaves  are  arranged  in  a  larger  number  of  rows,  as  in  the  vigorous  seedlings  of 
many  Dicotyledons,  in  Palms,  Ncphrodium  Filix-ntas,  &c.  This  is  most  strikingly 
exhibited  in  the  many-rowed  flower-heads  of  the  sunflower  on  the  four-rowed  foliage- 
stem,  the  size  of  the  growing  point  undergoing  a  sudden  and  great  increase  at  the 
period  when  the  flower-head  is  being  formed  (Fig.  126,  p.  171).  But,  vice  versd, 
-the  number  of  the  rows  of  leaves  diminishes  when  the  size  of  the  growing  end  of  the 
stem  decreases  in  consequence  of  vigorous  growth  in  length;  this  is  seen,  for 
instance,  in  the  few-rowed  long  and  slender  peduncles  which  proceed  from  the 
many-rayed  leaf-rosettes  of  species  of  Aloe';  Echevtria,  &c.  If  the  insertion  of  the 
leaves  or  shoots  takes  up,  at  an  early  stage,  a  large  part  of  the  periphery  at  the 
growing  point,  only  a  few  rows  of  leaves'  swe  formed ;  if  the:  insertion-planes  are 
relatively  small,  the  number  of  rows  on  the  axis  increases.  This  is  illustrated  by  the 
many  rows  of  small  flowers  in  the  spadiees  of  Aroidese  or  the  racemes  of  Trifoliwn, 
while  the  leaves  of  the  same  plants  are  in  few  rows,  their  insertions  embracing  the 
stem  or  being  even  broader.  Hofmeister  *,  to  whom  we  owe  the  introduction  of  this 
point  of  view  in  the  theory  of  phyllotaxis,  states  the  general  rule  in  the  following 


'  AUgetneine  Moiphologie,  §  11,  where  particular  cases  are  discussed  in  detail.  This  treatise  is 
beyond  question  the  most  important  that  has  hitherto  been  written  on  phyllotaxis ;  nevertheless,  in 
my  account,  which  necessary  limits  have  confined  almost  to  a  mere  sketch,  I  differ  from  Hofiueister's 
views  even  in  some  points  of  primary  importance. 
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.words  :—iV£!f  lU  ri.1  memhrs  kne  their  ongtn  aboo  Iht  nli  s  f  the  ut  left  gaps 
which  are  left  at  the  ctrcumftrenct  of  the  gr&wtng  point  beluten  the  insertions  0/  the 
nearest  otder  members  of  the  same  kind  The  rule  s  illustrated  by  the  case  of  tkerna 
ting  whorls  (especially  of  pairs  crossing  one  another  at  nght  angles  or  decussating  ) 
or  by  that  of  dist  choua  leaves  with  a  base  which  grows  eirly  in  breadth  in 
Phanerogams  where  the  groniog  point  con'-ists  of  small  cells  \\  here  on  the  other 
hand,  we  have  decidedly  bilateral  horizontal  axes  is  in  Pt^ns  aquthna  Satntiia  and 
Marsika,  or  definite  relations  of  the  ph>llotasis  to  the  segmentation  of  in  ipical 
cell  as  in  Mosses  or  disiincth  sui,cessne  formiton  of  the  member  of  the  same 
whorl,  as  in  Chara  Sal  tma  the  flowers  of  Resedi  d,c  the  mechan  cal  imj  ortance 
of  the  rule  is,  in  my  o(.inion  subordmate  to  the  other  causes  wh  ch  then  ha\e  the 
greatest  influence  in  determining  the  pos  tion  of  the  new  members  Independently 
of  the  points  of  view  referred  torn  para|,raphs  1-4  the  genetic  relat  onships  indicated 
in  this  paragraph  show  that  it  is  scarceU  pos  ible  to  find  a  smgle  rule  which  will 
govern  all  cases  ofphyllotavs  Causes  which  belong  to  altjgetler  difftrent  cate 
gories  must,  according  to  circumstances  e^iercise  the  g  eatest  nlluence  in  determining 
'the  point  at  which  a  new  member  ib  formed 

(6)  I  d      t  a  circumstance  of  primarj  importance  that  thi-  same  or  lery 

m  la    k  nd      f  phyll  taxis  may  be  brought  into  existence  by  very  d  fferent  com 
L    a     n       f  nd  arrangements  apparently    very  different   b)    \erj    similar 

h  f      u  Among  the  causes  here  referred  to  I  include  the  anterior 

d      1  pm     t  of  tl  s  and  of  its  late  al  members  the  influence  of  the  pnmirj  on 

th  nd    y  th     effett  of  pressure  gravitation    light    and  similar  conditions 

Tl  p  t  n  b  m  evident  when  it  is  observed  thit  the  same  or  sim  lar  dnei 
g  f  1  1  teral  shoots  may  occur  everjwhere    in  un  cellular  plants    in 

multicellular  plants  with  a  distinct  apical  cell  and  m  those  m  whch  the  growing 
point  consists  of  a  small  celled  tissue  without  ani  definite  relation  to  the  segmentation 
of  an  apical  cell  as  in  Phanerogams  The  mechanics  of  growth  must  undoubtedly 
be  different  when  the  lateral  blanches  of  the  single  cell  of  1  auchtria  are  formed  m 
two  rows  and  the  leaves  of  a  Fissidetu  or  of  a  Grass  are  produced  in  the  same  or 
a  similar  position  m  which  case  the  cell  waUs  of  the  pnmari  menstem  represent  a 
muUiphcitj  of  causes  of  growth  and  of  hindrmces  to  it  The  s  milar  arrangement 
pf  the  outgrowths  under  such  different  circumstances  does  not  prove  that  the  cir 
cumstinces  themselves  are  mdiiferent  but  onh  that  altogether  different  combinat  ons 
of  causes  mav  lead  to  ver)  similar  relationshps  of  position  In  Musune'e  and 
\ascular  Crypto^jams  tie  relation  of  the  formation  of  leaves  to  the  segmentation 
of  the  apical  cell  is  the  more  obvious  the  nearer  the  leaves  originate  to  the  apex 
It  IS  most  obvious  of  all  m  fliosses  where  each  segment  grows  out  into  a  leif 
forming  protuberance  as  soon  as  it  is  formed  ani  before  further  cell  division 
takes  phi,e  Here  the  immeiiate  controlling  cause  of  the  pos  tion  of  the  leaves  is 
that  of  the  leaf-forming  '  segments  themselves.;  when  these  latter  are  formed  m  two 
alternating  longitudinal  rows,  as  in  Fissidens ',  two  rows  or  orthostichies  of  alternating 
leaves  arise  with  the  divergence  \.     When  the  segmentation  of  the  apical  cell  is  into 
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three  rows,  so  that  each  new  division-wall  of  the  apical  cell  is  parallel  to  the  last 
division-wall  but  two,  as  in  Fonlinalts,  three  rows  of  leaves  result)  arranged  spirally 
with  the  constant  divergence  ^.  When  the  apical  cell  is  a  three-sided  pyramid, 
but  the  new  walls  which  are  formed  in  it  are  not  parallel  to  those  already  in  existence, 
but  oblique,  so  that,  for  example,  all  the  segments  are  broader  on  the  anodic  than 
on  the  kathodic  side,  then  the  segments  no  longer  lie  in  three  straight  rows,  but 
either  three  spirals  or  one  only  can  be  recognised  encircling  the  axis;  and  since  each 
.'segment' in  this  case  (f.^.  in  Polylrichum,  Calk^i I'lKa,  and  Sphagnum')  developes 
into  a  leaf,  the  leaves  are  formed  in  spiral  phyllotaxes,  with  divergences  depending 
on  the  obliquity  of  the  principal  walls  of  the  segments  to  one  another^.  These 
phenomena  show  clearly  that  when  each  segment  produces  a  leaf,  the  phyllotaxis 
depends  on  the  manner  in  which  the  new  principal  walls  of  the  segments  arise  ;  and 
since  the  direction  taken  by  the  segmentation  of  the  apical  cell  depends  again  on 
causes  of  which  we  are  at  present  ignorant,  the  phyllotaxis  mnst  also  finally  be 
referred  to  these  unknown  causes.  In  certain  cases  a  reason  may  be  given  why,  when 
the  mode  of  segmentation  of  the  apical  cell  is  the  same,  the  positions  at  which  tin  leaves 
are  formed  are  nevertheless  variable.  The  segments  of  the  apical  cell,  both  in 
Fontinalis  and  in  Equisetum,  lie  in  three  straight  rows ;  but  in  Fmlinalis  the  solitary 
leaves  stand  in  straight  rows  and  are  arranged  spirally  with  the  constant  divergence 
^,  while  in  Equiseium,  on  the  contrary,  alternating  whorls  of  leaves  arise  whi^li  have 
grown  together  in  the  form  of  a  sheath  ;  because  here,  as  Rees  has  shown  ',  the  three 
segments  of  each  cycle,  arranged  originally  in  a  spiral  manner,  are  finally  placed,  in 
consequence  of  the  growth  not  being  uniform,  on  the  same  zone.  From  this  a  cir^ 
cular  projection  nest  grows  out,  on  which  the  sheath-teeth  are  formed.  From  the 
want  of  uniformity  in  the  growth  of  the  segments,  the  causes  of  which  are  at  present 
unknown,  still  further  differences,  as  compared  with  Fonlinalis,  are  intioduced,  in 
consequence  of  which  the  development  of  the  whorls  themselves  becomes  alternate 
instead  of  superposed,  as  might  be  the  case.  If  the  processes  which  take  place  in 
Marsilea,  as  Hanstein  has  described  them  *,  are  compared  with  this,  it  is  seen  that  the 
segmentation  of  the  apical  cell  of  the  stem  agrees  in  the  main  with  that  of  Fonlinalis 
-and  Equiseium;  it  is  in  three  rows  with  a  divergence  ^.  As  in  Fonlinalis,  the  leaves 
originate  by  a  curving  outwards  of  the  segment-cells  ;  but  the  leaves  are  in  this  case 
not  arranged  in  three  rows  as  in  Fonlinalis,  nor  in  whorls  as  in  Equiseium,  but  in  two 
rows.  The  immediate  cause  of  this  must  be  sought  in  the  fact  that  the  stem,  together 
with  the  growing  point,  lies  in  a  horizontal  position ;  it  has  an  upper  and  an  under 
side.  The  segments  of  the  apical  cell  form  two  rows  on  the  upper  and  one  on  the  under 
side  ;  but  the  former  produce  leaves,  the  latter  roots.  The  horizontal  position  of  the 
stem  and  its  bilateral  development  are  here  perhaps  the  cause  why  the  upper  side 


'  Compare  the  admirable  description  by  Leitgeb  in  the  case  of  Sphagnum,  in  the  Sitzungsber. 
der  kais.  Akad.  der  Wissenschatten,  Wien,  Marcti  1869. 

"  See  Hofmeister,  Allg.  Morph.  p.  494;  and  Miiller,  ELne  algemeine  morphologische  Sludie, 
Bot.  Zeitg.  1869,  t.  IX.  lig.  14,  In  such  cases  the  behaviour  of  the  apical  cell  may  be  represented  by 
imagining  it  to  rotate  on  its  axis,  as  I  expressed  it  in  my  first  edition.  The  description  there  given 
docs  not  however  now  appear  to  me  suited  to  the  beginner. 

=  Rees,  Jahib.  fur  wissen.  BoL  vol:  VI.  p.  316. 

'  Hanstein,  in  Jahrb.  fur  wissen,  Bot.  vol.  IV.  p.  751.  -       .     - 
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only  produces  leaves ;  and  since  its  segments  lie  in  two  rows,  there  are  two  rows  of 
leaves,  which  we  may  imagine  united  by  a  zigzag  line.  But  a  further  cause  of  the 
difference,  as  compared  with  Fonk'nah's  and  Equisetum,  arises  from  the  fact  that  in 
■Marsika  it  is  not  every  segment  of  the  two  rows  on  the  upper  side  that  forms  a  leaf; 
according  to  Hanstein,  certain  segments  remain  sterile,  and  these  form  the  internodes 
which  are  at  first  wanting  in  Fonttnalts  and  Equisetum,  and  are  only  formed  at  a 
later  period  by  further  differentiation  and  intercalary  growth.  In  PUris  aquilitm  and 
in  Salvinia  the  segments  of  the  apical  eel!  of  the  stem  are  also  formed,  as  in  Fissidens, 
in  two  rows ;  but  the  phyllotaxis  is  in  all  these  cases  very  different.  The  efi"ect  of  the 
difference  of  growth  is  first  of  all  shown  in  the  decidedly  horizontal  position  of  the 
stem  of  these  plants,  and  also  in  the  circumstance  that  the  segments  themselves  ^ow 
vigorously  in  thickness  and  length,  and  divide  before  the  formation  of  the  leaves 
commences  ;  it  is  not  from  the  segment-cells  which  are  already  in  existence  that  the 
leaves  originate,  but  from  certain  cells  resuJting  from  their  division  at  a  distance 
from  the  apex  of  the  stem.  This  is  common  to  Fieris  and  Salvinia;  but  in 
the  divisions  of  the  segments  and  in  the  whole  growth  of  the  stem  considerable 
differences  between  the  two  occur.  Pkris  aquilina  forms  on  the  upper  side  of  its 
thick  underground  horizontal  shoots  two  alternating  rows  of  leaves,  while  Salvinia 
forms  alternating  whorls  on  its  slender  floadng  shoots,  the  members  of  the  whorls 
showing  a  very  peculiar  order  of  succession  corresponding  to  the  bilateral  arrange- 
ment and  the  horizontal  growth  of  the  axis. 

The  genetic  forces  which  have  an  evident  influence  on  ihe  phyllotasis  of  Cryp- 
togams through  the  segmentation  of  the  apical  cell  and  the  furdier  behaviour  of  the 
segments,  are  wanting  in  Phanerogams,  where  the  leaves  spring  from  a  small-celled 
cone  of  growth  the  tissue  of  which  behaves  like  an  almost  homogeneous  plastic  mass. 
The  immediate  causes  which  determine  the  spot  where  a  leaf  or  shoot  is  to  arise 
can  no  longer  be  referred  here,  step  by  step,  to  the  behaviour  of  an  apical  cell ; 
they  lie  rather  in  the  position  of  leaves  already  in  existence,  in  their  increase  in 
breadth,  in  the  form  and  size  of  the  cone  of  growth,  in  its  inclination  to  the  vertical, 
in  its  relation  to  the  size  of  the  mother-shoot,  &c. — conditions  which,  as  has  already 
been  mentioned  under  paragraph  5,  have  been  treated  in  detail  by  Hofmeister.  The 
rule  there  enunciated,  that  lateral  shoots  arise  above  the  centres  of  the  widest 
intervals  between  the  youngest  contiguous  shoots,  gives  an  efficient  cause  for  the 
determination  of  the  place  of  origin  of  new  members,  and  may  be  applied  also  to  the 
first  leaves  of  lateral  shoots,  which  generally  show  a  definite  relationship  to  the 
subtending  leaf.  In  Monocotyledons,  for  instance,  the  first  leaf  of  an  axillary  shoot 
usually  stands  on  its  posterior  side,  ('.  e.  next  the  mother-axis  ;  while  in  Dicoty- 
ledons Ihe  axillary  shoot  generally  begins  with  two  leaves,  which  stand  right  and 
left  of  the  median  plane  of  the  subtending  leaf,  and  thus  fall  in  the  space  between 
it  and  the  primary  axis  which  is  least  exposed  to  pressure. 

As  has  now  been  shown  in  this  brief  introduction,  the  investigations  of 
phyllotaxis  cannot  at  present  do  more  than  ascertain  in  each  separate  case  the 
phenomena  preceding  and  accompanying  the  origin  of  a  member,  as  well  as  those 
forces  which,  from  their  direction,  exercise  an  influence  on  the  point  of  origin, 
and  then  lay  down  more  general  laws  as  the  result  of  comparison  in  a  sufficient 
number  of  cases.     In  these  as  in  ail  other  investigations  into  organisms,  we  are 
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always  however  met  at  the  very  outset  by  a  consideration  of  great  importance  which 
imposes  itself  upon  us,  I  mean  the  ioui  ensemble  of  properties  which  define  the 
character  of  the  natural  group,  class,  or  order.  By  recognising  a  plant  as  a  member 
of  a  particular  class,  e.g.  MuscineEe,  Filices,  Equisetacete,  RhizocarpeEe,  Phanerogamia, 
&c.,  an  aggregate  of  properties  is  ascribed  to  it,  which  must  be  taken  into  account  as 
such.  If  we  pay  special  regard  to  the  point  of  view  opened  out  by  the  Theory  of 
Descent,  we  must  recognise  in  the  law  of  heredity  and  the  physiological  adaptation 
of  organs,  the  difficulty  or  even  impossibifity  of  demonstrating  the  causes  of  any 
morphological  phenomenon  in  any  other  manner  than  genetically.  Organic  forms 
are  not  the  result  of  combinations  of  forces  and  materials  given  once  for  all, 
and  always  again  reproduced  in  exactly  the  same  manner,  as  in  the  case  of 
a  crystal  which  is  first  dissolved  and  then  re-cry stallised,  but  of  combinations 
which  repeat  themselves  hereditarily  and  which  at  the  same  time  undergo  change. 
To  understand  these  it  is  necessary  to  refer  to  the  past,  and  not  merely  to  the  im- 
mediate present. 

Abundant  opportunity  will  be  afforded  in  the  description  of  the  various  classes  in 
Book  II.  for  a  more  esact  observation  of  particular  relations  of  position ;  but  what  has 
now  been  said  is  sufficient  as  a  preliminary.  Some  additional  remarks  on  the  Spiral  Theory 
in  the  doctrine  of  phyllotasis  may  however  find  a  place  here.  It  has  already  been 
shown  that  the  construction  required  and  employed  in  this  theory  is  not  in  all  cases 
possible,  being  sometimes  arbitrary  and  without  relation  to  development,  and  at  other 
times  simply  meaningless;  and  that,  finally,  only  those  cases" admit  of  the  application 
of  this  theory  without  violence,  where  the  shoot  fonns  three  or  more  rows  of  leaves 
distributed  singly  and  uniformly  in  all  directions.  The  history  of  developnient  often 
points  to  quite  different  constructions,  even  in  those  cases  in  which  the  spiral  is  still 
geometrically  possible.  But  even  where  the  connection  of  the  leaves  in  order  of  suc- 
cession in  age  by  a  spiral  running  round  the  stem  in  the  same  direction  is  possible  and 
even  apparently  useful,  there  is  not  in  the  phenomena  connected  with  development 
any  sufficient  reason  for  the  hypothesis  that  the  growth  of  the  generating  axis  itself 
actually  follows  a  spiral '. 

Closely  connected  with  the  spiral  theory,  which  must  be  carefully  distinguished  from 
the  doctrine  of  phyilotaxis,  Is  another  very  peculiar  law  connected  with  the  angles  of 
divergence.  It  was  thought,  namely,  that  a  kind  of  natural  law  was  found  when  it  was 
discovered  that  some  of  the  most  commonly  occurring  constant  divergences  ^,  J,  |,  |,  ^, 
and  some  of  the  less  common  ones,  as  j'y,  i%  %^,  n%,  &c.^,  may  be  represented  as  succes- 
sive convergents  of  the  continued  fraction 


Were  it  possible  to  combine  all  kinds  of  phyilotaxis  without  exception  in  this  manner 
into  one  single  continued  fraction,  we  should  actually  have  a  kind  of  natural  law,  in  which 
there  would  be  no  relation  of  cause  and  effect,  and  which  would  hence  stand  out  as  an 


'  See  on  this  point  Hofmeister,  Eot.  Zeitg.  1867,  nos.  5,  6,  7,  and  Allgemeine  Morphologie, 
p.  481. 

'  It  must  be  observed  in  reference  to  this  that  it  remains  uncertain  whether  such  complicated 
divergences  are  ever  so  formed  originally,  or  whether  Ihey  are  not  always  consequences  of  compli- 
cated displacements,  in  consequence  of  which  the  direct  observation  of  the  growiog  point  does 
not  give  in  these  cases  a  certain  conclusion. 
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inexplicable  curiosity.  This  is  not  however  exactly  the  case.  There  are  many  phyl- 
lotaxes  which  cannot  be  expressed  by  this  continued  fraction ;  and  in  order  to  carry 
out  the  method,  new  continued  fractions  have  to  be  constructed,  e.g. 


two  convergents  are  for  the  most  part  met  with  as  actual 
nee  it  is  possible  immediately  to  construct  a  new  continued 
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imagine  what  value  tlie  method  can  have  for  a  deeper  insight  into  the  laws  of  phyllotaxis. 
But  even  as  a  mnemonic  assistance  it  appears  to  me  not  only  superfluous,  but  even  dis- 
advantageous, since  the  use  of  it  diverts  the  attention  from  relationships  which  are  of 
real  importance ', 

Sect.  27.  Directibns  of  Growth'. — (i)  In  every  thallus,.  branch,  stem,  Jeaf, 
hair,  and  root,  it  is  easy  to  distinguish  between  two  opposite  ends,  the  Base  and  the 
Apex.  The  base  is  the  place  where  the  member  originated  and  began  to  grow; 
the  apex  is  the  extremity  in  the  direction  of  the  growth.     The  direction  from  the 
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'  [Chauncey  Wright  (Memoiis  of  Amer.  Acad.  vol.  ix.  p,  389}  has  pointed  out  an  interesting 
property  of  the  series  i,  i,  §,  J which  includes  all  the  more  common  anangements  of  phyllo- 
taxis. If  the  spiral  line  passing  through  successive  leaves  be  traced  the  long  way  round,  we  obtain 
the  coniplementaij  series  J,  §,  g,  I the  terms  of  which  are  successive  convergents  of  the  con- 
tinued, fraction                                     i  + 1 


or  ST  is  the  ratio  of  the  extreme  and  mean  proportion;  and  generaUy 

K  is  therefore  the  angular  divergence  which  wonld  effect  '  the  most  thorough  and  rapid  distrihufion 
of  the  leaves  round  the  stem,  each  new  or  higher  leaf  felling  over  the  angular  space  between  the  two 
older  ones  which  are  nearest  in  direction,  so  as  to  divide  it  in  the  same  ratio,  K,  in  which  the  first 
two  or  any  two  successive  ones  divide  the  circumference.  Now  ^  and  all  successive  fractions  differ 
inappreciably  from  E,'  Practically,  therefore,  all  terms  of  the  series  above  the  third  fulfil  the 
condition  of  that  leaf-distribution  which  is  theoretically  the  most  efficient  by  distributing  the  leaves 
most  completely  to  the  action  of  the  surrounding  atmosphere.] 

'  H.  von  Mohl,  Ueber  die  Symmetrie  der  Pflanzen,  in  his  Vermischte  Schrlften.  1846.— 
Wichura.  Flora,  1844,  pp.  161  «  sey.  — Hofmeister,  AOgemeiiie  Morpbologie,  55  i,  13,  a4.^Prefrec, 
Arbeiten  des  botan.  Instiluts  in  Wiiriburg,  1871,  p.  77. 
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base  to  the  apex  is  the  longitudinal  direction  of  the  member  under  consideration ; 
and  a  section  made  in  this  direction  is  called  a  longitudinal  section.  The  transverse 
direction  and  section  of  the  member  are  at  right  angles  to  the  longitudinal  ones. 

(2)  In -every  transverse  section  of  a  member  there  is  a  point  about  which  the 
internal  structure  and  external  contour  are  so  arranged  that  it  must  be  considered 
as  its  Organic  Centre.  Every  line  drawn  from  this  point  towards  any  point  of  the 
circumference  is  a  radius;  every  portion  of  the  transverse  section  has  one  side 
facing  the  circumference  and  one  facing  the  centre,  these  being  usually  developed 
in  a  different  manner  from  the  aides  that  face  the  radii,  and  hence  easily  distin- 
guishable from  them.  These  relationships  are  recognised  with  ease  in  the  transverse 
section  of  woody  stems  and  of  all  roots,  but  can  be  easily  made  out  in  other 
cases  also,  even  in  unicellular  plants  and  hairs.  The  organic  centre  of  the  trans- 
verse section  does  not  usually  coincide  with  the  geometrical  centre,  as  is  easily 
seen  in  the  transverse  sections  of  most  petioles  and  horizontal  branches  with  an 
'eccentric'  pith, 

(3)  If  a  line  be  imagined  uniting  the  organic  centres  of  all  the  transverse 
sections  of  a  member,  this  is  the  Longitudinal  Axis  or  Axis  of  Growth  of  the 
member.  The  axis  of  growth  may  be  a  straight  or  a  crooked  line ;  in  the  younger 
parts  {nearer  the  apes)  it  may  be  crooked,  and  again  straight  in  those  which  are 
further  developed  (further  from  the  apex),  as  in  Salvima  and  Utricular ia ;  or  the 
reverse.  A  plane  which  passes  thrwigh  the  member  in  such  a  manner  as  to  contain 
the  axis  is  called  an  AxiaJ  Longilttdinal  Section.  If  the  axis  be  curved  in  a  plane, 
this  plane  ccwncides  with  the  axial  longitudinal  section;  if  the  axis  is  straight,  the 
number  of  possible  axial  longitudinal  sections  is  very  large  ot  even  infinite. 

Growth  in  the  direction  of  the  longitudinal  axis  is  generally  quicker,  and  also 
generally  lasts  longer,  than  in  the  transverse  directions,  as  is  clearly  seen  in  most 
stems  (haulms,  flower-stalks,  scapes,  palm-stems),  in  long  leaves,  in  all  roots,  and 
in  most  hairs  and  tballomes.  This  characteristic  cannot  however  be  used  in  the 
general  definition;  for  there  are  cases  in  which  it  appears  doubtful  whether  the 
growth  in  the  direction  of  the  longitudinal  axis  is  more  intense  or  more  prolonged 
than  in  the  radial  directions;  as,  e.g.  in  the  stem  oi Iio¥tes,  and  the  prothallium  of 
some  Polypodiacese-.  But  the  characteristic  is  superfluous  for  the  determination  of 
the  longitudinal  axis;  its  direction  can  always  be  recognised  by  the  position  of  the 
base  and  apex  of  a  member ;  and  the  point  where  it  cuts  the  transverse  section  (the 
organic  centre)  can  be  found  without  anything  else  being  known  about  the  relation- 
ships of  growth.  It  is  always  possible,  without  even  knowing  the  duration  or 
intensity  of  the  growth,  to  decide  which  is  the  longitudinal  and  which  the  transverse 
section  of  a  member;  this  can  indeed  be  determined  from  a  very  small  fraction  of 
it ;  in  a  Mammilaria,  a  Mdocactus,  or  a  Cereus,  it  is  just  as  easy  to  determine  the 
longitudinal  axis  of  growth  in  early  youth,  when  these  cacti  are  often  as  thick  as 
they  are  long,  as  it  is  later  when  they  are  much  longer  than  thick.  This  is  also  the 
case  in  the  abbreviated  axis  of  bulbs,  in  many  tubers  and  corms  (as  the  crocus), 
and  in  fruits,  like  those  of  many  gourds,  whose  diameter  is  much  greater  than  their 
length. 

The  growth  of  roots  and  stems  in  the  direction  of  their  longitudinal  axis  is 
generally  unlimited,  that  of  leaves  and  hairs  mostly  limited,  although  these  rela- 
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tionships  are  sometimes  reversed.  When  the  growth  is  unUmifed,  its  products 
along  the  axis  are  usually  constantly  repeated,  the  segments  formed  one  after 
another  are  similar,  the  lateral  members  that  spring  from  them  (branches,  leaves, 
lateral  roots,  &c.)  are  uniform,  or  they  exhibit  in  their  development  a  repeated 
alternation,  as,  e.^.  in  Moss-stems,  rhizomes  of  Equiselum,  primary  stems  of  Coni- 
fers, &c.  When,  on  the  contrary,  the  growth  along  the  axis  is  limited  and  definite, 
the  resulting  segments  are  dissimilar,  and  their  outgrowths  exhibit  progressive 
changes  (metamorphosis).  This  occurs  in  most  leaves,  the  basal  portions  of  which 
are  usually  strikingly  different  in  form  from  the  parts  nearer  the  apex ;  it  occurs 
also  in  the  stems  of  Angiosperms  with  terminal  flowers,  which  commence,  for 
instance,  with  the  formation  of  radical  leaves,  proceed  to  that  of  foliage- leaves,  and 
then,  through  the  bracts,  pass  over  into  the  production  of  floral  leaves,  closing  with 
that  of  carpellary  leaves. 

Axial  growth  is  always  limited  when  true  dichotomy  occurs  at  the  apex;  on 
the  other  hand,  bifurcations  repeat  and  continue  the  mode  of  development  of  their 
common  basal  portion  (as  in  Fucus  or  Selaginella),  although  individual  branches 
may  terminate  their  growth  without  dichotomy  by  producing  fruit. 

(4)  If  an  axial  longitudinal  section  is  imagined  to  pass  through  a  member, 
the  conformation  right  and  left  may  be  similar,  like  the  right  and  left  halves 
of  the  human  body.  If  the  two  halves  are  so  similar  that  the  one  is  a  reflected 
image  of  the  other,  they  are  symmelrical,  and  the  dividing  plane  between  them 
is  called  a  plane  of  symmetry.  In  this  strictest  sense  symmetry  is  very  rarely 
found  in  plants  (most  nearly  in  many  flowers  and  stems  with  decussating  whorls); 
and  accordingly  the  term  is  constantly  employed  in  a  laxer  sense.  Two,  three,  four, 
or  a  larger  number  of  symmetrically  dividing  planes  often  pass  through  a  member 
(a  branch  or  root),  all  of  which  intersect  in  the  axis  of  growth.  Such  members 
are  called  polysymmetrical ;  so-called  '  regular '  flowers,  stems  with  alternating 
whorls,  and  most  roots,  are  polysymmetrical.  If,  on  the  contrary,  it  is  possible 
to  imagine  only  one  symmetrically  dividing  plane,  as  in  the  flowers  of  Labiatje 
and  Papilionacese ',  in  stems  with  opposite  pairs  of  leaves,  where  the  median 
plane  of  the  two  rows  of  leaves  is  at  the  same  time  the  plane  of  symmetry,  in 
the  thalloid  shoots  of  Marchantia,  and  in  most  leaves,  the  object  is  mmosymmtlrkal, 
or  simply  symmetrical.  Monosymmetry  is  however  only  a  particular  case  of  the 
ordinary  bilateral  structure,  which  consists  in  the  processes  of  growth  being 
similar  to  the  right  and  left  of  an  axial  longitudinal  section,  although  the 
two  halves  of  the  member  do  not  He  exactly  opposite  to  one  another  like 
reflected  images.  Thus,  for  example,  the  oblique  leaves  of  Begonia  are  not 
symmetrical,  although  bilateral ;  the  one  half  to  the  right  of  the  mid-rib  of  the 
lamina  is  larger  arid  of  somewhat  different  shape  to  the  other  half  to  the  left  of 
the  raid-rib;  and  the  same  is  the  case  with  the  elm.  A  branch  with  alternating 
leaves  in  two  rows  is  also  simply  bilateral  without  being  monosymmetrical ; 
if  it  is  divided  at  right  angles  to  the  common  median  plane  of  all  the  leaves, 
the  two  halves  bear  each  one  row  of  leaves;  but  the  one  is  not  the  reflected  image 


'  A.  Braun  calls  monosymmetrical  flowers  zygomvrphic,  an  expression  which  is  also  elsewhere 
interchangeable  with  monosymmetrical. 
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of  the  other,  since  the  leaves  of  the  two  rows  spring  from  different  heights.  Where 
a  true  monosymmetrical  structure  occurs,  it  may  be  considered  a  particular  case  of 
the  bilateral;  the  latter,  therefore,  being  the  more  common,  is  the  more  important 
phenomenon. 

There  is  the  same  relationship  between  polysymmetry  and  multilateral  arrange- 
ment as  between  monosymmetry  and  bilateral  arrangement;  polysymmetry  must  be 
considered  only  as  a  particular  case  of  the  multilateral  structure.  This  latter  always 
occurs  where  several  pairs  of  halves  can  be  produced  by  axial  longimdinal  sections, 
so  that  the  two  halves  of  each  pair  are  very  similar  to  one  another,  but  not  exactly 
alike,  like  an  object  and  its  reflected  image.  Thus  the  short  stems  of  Sempervivum, 
the  leaf-rosettes  of  ^onitm,  and  fir-cones  with  their  scales,  can  be  easily  halved  by 
numerous  longitudinal  sections,  but  the  halves  thus  formed  are  never  symmetrical, 
because  the  leaves  and  scaJes  are  arranged  spirally,  and  a  spiral  can  never  be  divided 
symmetrically ;  but  in  so  far  as  the  spirally  arranged  leaves  stand  in  three,  four,  five, 
eight,  thirteen,  &c.  orthostichies,  the  shoot  itself  may  be  said  to  be  tri-,  quadri-, 
quinqui-  octo-,  tri  deci- lateral,  &c. 

The  most  commen  distinction  is  between  bilateral  and  multilateral  structures ; 
in  both  cases  the  lateral  arrangement  may  rise  into  symmetry,  the  former  into 
monosymmetry,  the  latter  into  polysymmetiy.  The  ^xtriemes  are  seen  on  the  one 
side  in  roots  with  a  circular  transverse  section,  on  the  other  side  in  most  leaves  and 
leaf-like  shoots  with  only  two  symmetrical  halves.  If,  however,  in  the  case  of  roots 
regard  is  paid  to  the  number  of  their  fibro-vascular  bundles,  the  apparently  infinite 
number  of  their  planes  of  symmetry  may  usually  be  reduced  to  two,  three,  four, 
or  five. 

To  obtain  a  convenient  made  of  expression  for  relationships  of  this  kind,  each 
longitudinal  section  which  produces  two  similar  halves  may  be  termed  a  principal 
section  or  principal  plane;  and  if  the  two  halves  are  symmetrical  it  is  a  symmetrical 
section  or  plane.  Thus  bilateral  structures  have  one  principal  section,  multilateral 
structures  two  or  more  principal  sections. 

{5)  Lateral  arrangement  and  rdationships  of  symmetry  may  be  looked  at  from 
two  important  points  of  view,  according  as  the  members  of  a  plant  are  compared 
with  one  another,  or  are  considered  in  reference  to  their  relation  with  the  external 
world,  with  gravitation,  light,  or  the  pressure  of  external  objects. 

If  the  members  of  a  plant  are  compared  with  one  another,  it  is  seen,  for  ex- 
ample, that  the  principal  sections  of  all  the  leaves,  though  on  opposite  sides  of  the 
stem,  may  lie  in  one  plane,  in  which  case  the  shoot  itself  is  bilatwal ;  or  they  may  lie 
in  two  planes  crossing  one  another  at  right  angles,  when  the  shoot  is  quadriiateral, 
as,  for  instance,  when  it  bears  decussate  whorls  of  two  members,  a  case  which,  in 
reference  to  other  relationships,  is  very  near  to  tliat  of  bilateral  arrangements,  and 
may  be  termed  a  double  bilateral  arrangement.  In  these  cases  the  principal  sections 
of  the  leaves  are  also  at  the  same  time  principal  sections  of  the  stem.  In  Salvim'a, 
Marsilea,  Polypodium  aureum,  and  Pkris  aquiUna,  on  the  contrary,  the  principal 
sections  of  the  leaves,  forming  two  rectilineal  series,  lie  right  and  left  of  the 
single  principal  section  of  the  bilateral  stem,  an  arrangement  which  is  in  these 
cases  dependent  on  the  horizontal  growth. 

The  relationship  of  lateral   arrangement  and   symmetry  to  the  external  envi- 
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ronment  of  tiie  plant  is  shown,  for  example,  in  the  fact  that  multilateral  shools 
usually  grow  upright,  while  bilateral  shoots  generaily  lie  horizontal,  the  principal 
section  being  then  vertical.  Many  bilateral  shoots  cling  on  one  side  to  a  horizontal, 
oblique,  or  vertical  support,  as  the  Marchantieae,  JungermannieEe,  the  ivy,  &c. ; 
and  in  that  case  the  principal  section  is  at  right  angles  to  the  support.  Bilateral 
Structines,  leaves  or  whole  shoots  and  systems  of  shoots,  generally  form  their  two 
sides  to  whidi  the  principal  section  is  perpendicular  very  differently  in  respect 
to  the  external  world ;  so  that,  in  addition  to  a  right  and  left  half  (right  and  left 
of  the  principal  section),  there  is  also  a  clear  distinction  between  an  upper  and 
under  side,  an  attached  and  free  side,  a  dark  and  light  side;  and  it  is  in  this 
respect  that  the  dependence  of  lateral  arrangement  on  external  conditions  is  most 
clearly  evident. 

In  each  special  case  it  must,  however,  be  left  for  more  exact  observation  to 
settle  how  far  the  position  of  the  principal  sections  of  the  members  of  a  plant  are 
determined  by  internal  relationships  of  growth,  or  by  external  influences',  a  question 
which  can  seldom  be  satisfactorily  answered  when  not  decided  by  experiment.  To 
this  end  the  researches  on  Marchanlia  polymorpha,  begun  by  Mirbel  in  1835  and 
carried  on  with  great  success  by  Dr.  Pfeffer  in  i8jo  (/.  c),  are  of  peculiar  interest. 
Dr.  Pfeffer  shows  that  the  two  flat  sides  of  the  gemmse  of  this  liverwort  are 
identical;  i.e.  each  of  the  two  sides  has  the  power  of  forming  root-hairs  when 
turned  downwards.  Bilateral  arrangement  and  differentiation  of  the  upper  and 
under  sides  are  first  developed  in  the  flat  shoot  which  springs  from  the  gemma. 
The  side  of  the  shoot  exposed  to  light,  whatever  its  position,  becomes  under  all 
circumstances  the  upper  side  which  forms  stomata,  the  dark  side  becomes  the  under 
side  which  produces  root-hairs  and  ieaf-like  processes.  Even  after  the  lateral 
shoots  have  been  formed,  the  two  sides  of  the  gemma  itself  are  still  alike.  Similar, 
relationships  may  also  prevail  in  the  germinating  spores  of  creeping  JungermannicEe 
and  in  the  formation  of  the  prothallium  of  Ferns  ;  but  on  this  point  more  exact 
researches  are  still  wanting.  In  Ferns  only  thus  much  is  known,  that  (according 
to  Wigand)  when  the  light  is  stronger  from  one  side,  the  principal  section  places 
itself  in  the  direction  of  the  strongest  illumination,  while  the  apex  of  the  axis  of 
growth  is  turned  towards  the  shade. 

What  has  now  been  said  will  serve  as  a  definition  only  of  the  most  important  ideas, 
and  an  iUustration  of  the  points  of  view  from  which  observations  must  be  made.  The 
results  obtained  by  them  cannot  be  given  in  detail;  and  since  a  definite  theory  has  not 
yet  been  elaborated,  a  more  detailed  description  must  deal  with  numerous  peculiari- 
ties and  critical  comparisons,  for  which  we  have  no  space.  A  few  important  facts  may, 
nevertheless,  be  briefly  mentioned. 

(i)  Ih  reference  to  the  Direetian  of  the  AxU  1^  Groivih,  it  appears  to  be  the  general 
rule  that  the  origin  of  a  new  individual  coincides  with  the  commencement  of  a  new 
direction  of  growth.  This  is  very  striliingly  the  case  in  the  swarmspores  of  (Edogonium 
(Fig.  4,  p.  9),  the  longitudinal  axis  of  which  is  transverse  to  that  of  the  filament  which 
produces  them,  and  becomes  the  longitudinal  axis  of  the  new  plant ;  and  the  same  is  the 
case  with  the  origin  of  new  filaments  of  Noitoc  and  Ri-vularia  (see  Book  II,  Alg^),  In 
many  Cryptogams,  researches  have  not  yet  been  made  on  this  point,  or  it  would  carry 
us  too  far  to  mention  them.     It  may  be  mentioned,  merely  by  way  of  example,  that  the 

'  Compare  Hofmeister,  AUgemeine  Morphologie,  55  23,  34. 


vGooqIc 


DTRECTIONS  OF   GROWTH.  %oJ 

axis  of  growth  of  the  embryo  of  Ferns  and  Rhizocarps  is  distinctly  transverse  to  the  axis 
of  the  archegonium.  In  Phanerogams  the  direction  of  growth  of  the  embryonal  stem  is 
opposed  to  that  of  the  ovule ;  the  apex  of  the  young  stem  is  formed  in  a  direction 
different  to  that  of  the  ovule,  and  it  continues  its  growth  in  this  direction.  The  forma- 
tion of  the  sporocarp  of  Mosses  forms  an  exception  to  this  manner  of  growth,  if  it  is 
considered  as  a  new  individual,  but  this  appears  very  questionable;  it  grows  In  the  same 
direction  as  th         h  g        m       d  th    d       t  t  th  f  th      t  1       th 

archegonium  is   p     I  (  A  p       M         ) 

A  second  r  m    k     I  tes  t    th    fi    t         f  th    b  se    f  th  f  g    wth      I      II 

lateral  member       d  bif       t        th    base      thfidp      tthhthb        hg 
new  formatioi   bg  dth        wfrmt         t  fgi  wth  f    m   w 

spores  and  fert  I  sed        ph  th     gr  wth  dfiti       t        des       tbg  tl 

some  one  cell  I       b  fi     d      Th  II  p  h    I    d         t  b  g 

to   grow   into   t  be         d   1 1  t         tl  th        h>   I  d    th         t  th 

swarming,  has  b  ti     d,  '        ly  th         rf  t   th     w  t  Th     g 

minating  spore    IsofF  dEqset^ptstt  lytfc  th 

which  fixes  it  t    th       pport  (th  p  f  Rh  p       d      1  g     II  Ee  d  t 

require  this  innsq  ft  i,H)I  Im  Isthlgtdl 

growth  of  the    mb  }       f  PI  g        d  t  beg         1 1  t  h     b  tf    h  d    t 

its  posterior  en  i  t    th      p        f  th      nibry  Th       mb  >       f  \         I      C  ypt  g 

produced  by  a  sexual  process  fixes  itself  laterally  by  the  portion  called  the  foot  into  the 
tissue  of  the  pro:hallium. 

It  is  only  in  some  AlgK  of  the  simplest  structure  that  there  is  no  attachment  ot 
a  point  of  the  newly  constituted  plant  to  an  external  object  ffor  mhith  pirpose  iny 
portion  of  the  generating  body  may  serve).  In  this  case  the  opposition  of  base  and 
apex  disappears;  growth  may  then  produce  a  uniform  arrangement  in  different  and 
even  opposite  directions;  simple  threads  result  in  tthiLh  in  anterior  and  postenor  end 
can  no  longer  be  distinguished,  as  in  some  Desniidies  and  Diatoms,  or  spherical  Hmilies 
of  cells,  like  G.l(BscaJua. 

But  when  once  a  fixed  point  is  established  as  a  base,  the  increase  of  length  tikes 
place  twi/ormfym  one  direction  only  from  it;  i.e.  whatever  grows  in  thia  directicn  is  a 
member  of  a  morphologically  definite  character.  This  does  not  however  prevent  the 
setting  up  of  a  new  growth  in  the  opposite  direction,  but  the  member  which  is  termed 
in  this  direction  is  of  a  different  nature  morphologically,  ai  ocLurs,  for  example,  in  the 
embryos  of  Phanerogams,  in  which,  according  to  J.  Hanstein's  recent  researches,  the 
origin  of  the  primary  root  is  in  fact  such  that  its  Longitudinal  axis  must  be  considered 
as  the  prolongation  of  that  of  the  stem  in  a  posterior  direction, 

(a)  With  refereme  to  the  Relations  of  Symmetry,  the  Hid  important  point  is  that  dicho- 
tomous  branching  is  frequently  repeated  in  one  and  the  same  plane  in  thallomes  (as  in 
Fucaces  and  Metzgeria),  stems  [Marchaatia,  SelagineJla'),  and  leaves  (in  some  Ferns). 
A  different  development  then  generally  takes  place  on  the  two  sides  of  the  plane  of 
dichotomy,  one  side  of  the  shoot  clmgmg  closel)  to  the  ground  or  to  upright  bodies  (as 
in  Hepaticfe),  or  one  side  turning  to  the  light,  the  other  side  to  the  shade  (SelaginellesE) ; 
in  such  cases  the  shoots  have  theLr  greatest  diameter  m  the  plane  of  dichotomy. 
Where  no  such  different  development  of  the  two  sides  occurs,  aa  in  Lycopodmii  (espe- 
cially L.  Selago  according  to  Cramtr),  consecutive  bifurcations  mav  take  placL  in 
different  planes;  and  this  is  also  the  case  with  the  roots  of  L\copodiaee;e  (set  Nageli 
and  Leitgeb,  and  Pfeffer,  I.e.  p.  97). 

As  has  already  been  mentioned,  it  is  usually  impossible,  without  expenment,  to 
determine  whether  the  position  of  the  prraCipal  section  of  bilateral  shoots  and  leaves 
is  directly  brought  about  by  external  conditions,  suth  as  pressure,  graMtation,  and 
light'.     The  position  of  the  principal  section  usually   shows  a  definite  relation  to  the 

'  In  the  roots  of  Selaginella,  however  the  succesaiie  bifurcatioDi  lie  in  planes  at  right  angle-- 
'  This  subject  has  been  treated  by  Hofmeister  tAllgememe  Morph.  §§  2j,  14)  £iom  another 
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mother-shoot,  and  at  the  same  time  to  the  direction  of  gravitation,  light,  and  pressure 
(the  latter  in  clinging  or  climbing  plants,  such  as  ivy,  Jungermanniex,  &c.)-  U  is 
therefore  probable  that  internal  and  external  causes  generally  cooperate  to  determine 
the  direction  of  the  longitudinal  axis  of  a  member  when  first  formed,  as  well  as  of  its 
lateral  shoots'.  Further  development  may  show  new  relations  to  the  original  axis  and 
to  external  mfluences.  The  horizontal  lateral  shoots  of  numerous  woody  Dicotyledons 
with  alternate  leaves  in  two  rows  have  the  principal  section  vertical,  their  rows  of  leaves 
right  and  left.  The  axillary  buds  of  these  leaves  which  remain  dormant  through 
the  winter  show  an  altogether  different  disposition  of 
their  parts ;  the  axis  of  the  bud  is  parallel  to  that  of 
the  mother-shoot;  it  bears  its  leaves  in  two  rows,  one 
facing  the  sky  and  the  other  the  earth  (Fig.  155) ;  the 
mid-rifas  of  the  folded  leaves  are  always  turned  out- 
wards, away  from  the  mother-axis;  the  principal  axis 
of  the  whole  bilateral  shoot  (the  bud)  is  horizontal. 
But  when  the  bud  unfolds  in  the  spring,  a  torsion 
takes  place  of  such  a  nature  that  the  principal  section 
assumes  3.  vertical  position,  the  prominent  mid-ribs  of 
the  leaves  turn  downwards,  while  their  faces  turn  up- 
wards; and  thus  the  lateral  shoot  of  ahorizontal  mother- 
shoot  acquires  the  same  position  as  itt;  parent.  The 
fact  that  the  two  rows  of  leaves  within  the  lateral 
n  the  upper  and  under  side,  and  consequently 
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mediate   infl 

opposed  bj  th    f    t  g    th 

the  termii    1  b  d       f  th     h 

usually  from  th    fi    t  d  ff        t 

for   esampl      th     t  n      al   b  d 


fcl  t  b       f       d  t    the  im 
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^ _^    side  of  the  h  tl      d    f  th    bra    h      d  ts  leaves 

eisiinKciHrtnKPoiniofiiiebud.  *iiic     right  and  Iftfth         rtlp         plset        of  the 
uic  mMti«r-shM'^Lreci>i>no/^vi-    bud.     Thc  po  f       t    m      1  bud        J  be  easily 

represented  ly  t  gFg     53       that  th    p    ent  axis 

a  lies  aboye,  the  subtending  leaf  4  beneath  the  bud  (the  apparentlj  terminal  bud  thus 
becoming  axillary),  and  the  vertical  line  t  becomes  horizontal.  This  difference,  which 
exists  from  the  very  first  in  the  position  of  the  lateral  and  terminal  buds  in  horizontal 
bilateral  mother-shoots,  excludes  the  immediate  influence  of  gravitation  ;  but  by  a  useful 
adaptation,  even  in  the  bud  all  the  parts  are  so  arranged  that  by  a  single  twist  of  the  axis 
during  unfolding,  they  assume  those  positions  which  are  most  favourable  for  the  functions 
of  the  leaves,  and  by  which  their  faces  are  turned  towards  the  light.  In  the  terminil 
buds  of  such  shoots  this  twisting  is  not  necessary.  Whether  it  is  gravitation  or  the 
influence  of  light  on  growth  which  occasions  this  torsion  of  the  axis  of  the  bud  is  not 


point  of  view  ;    tut  on  consulting  the  facts  themselves  I  find  mnch  that  is  not  in  t^reement  with  his 

statements,  and  in  their  btetpretation  I  arrive  at  essentially  diiferent  conclusions,  the  reasons  for 

which  cannot  he  enplained  here  in  detail. 

'  In  order  to  determine  this  question  eiperi  men  (ally,  the  apparatus  which  is  descrihitd  in  Book 

III.  Chap.  3,  Sect.  10,  should  be  used,  a  drum  which  holds  the  plant  and  which  rotates  slowly 

round  a  horizontal  axis. 

"  It  is  for  our  present  purpose  the  Same  whether  the  bud  at  the  end  of  the  horizontal  shoot  be 
its  true  terminal  bud,  or  a  lateral  bud  the  development  of  which  is  inducid  by  the  itorlion  of  a 
terminal  bud,  as  in  Ctrcis  and  Coryhs.  In  reference  to  the  position  of  Ihe  terminal  bud  U  is  also 
indifferent  that  the  position  of  the  lateral  buds  is  sometimes  not  quite  horizonlal  but  a  little 
oblique  upwards  and  outwards,  as  in  Corylus.  Cellh,  &c. 
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the  question  now  under  discussion.  But  the  most  important  result  is  thit  the  principal 
sections  of  the  axillary  tuds  of  a  bilateral  mother-shoot  may  have  greatly  varying  posi- 
tions, and  that,  in  consequence,  the  arrangement  of  the  parts  of  the  bud  is  independent 
of  gravitation ;  on  the  other  hand,  there  is  a  definite  relationship  to  the  mother-axis 
in  the  arrangement  of  the  parts  of  the  bud.  The  axillary  bud  of  such  a  shoot  ma,y 
arise  either  laterally  or  on  the  under  or  upper  side';  in  all  cases  its  leaves  turn  their 
prominent  mid-ribs  outw  d  wyfmthmth  htsothtthp  pi  tn 
ofthe  bud  is  always  at  th       m    tm  H     git  d     1       t        fth    mth       hoot 

We  are  led  to  the  sa  1  bj  th      t  d      f  tw  th       y     -old  be  d 

lings  of  Jbuja  and  othe    C  pre         se      Th     1      es     f  th    pnm    y    t  m  ged 

below  in  alternating  wh    1      f  f    rs       d  q      tly  ght  1     g  t  d     1 

higher  np  the  whorls  ar     I         t        d    t  tl        1      es      d  th    1 
The  axillary  shoots,  the       ml         f      h   h  j     m  11    n  p    p  rt        t     th     1 

appear,  both  in  the  eight  i      d      th  i*dgi        fthtmtbeg      rally 

in  two  rows,  so  that  in      t  t     t    I        h    g  th    p        r>    t  b  1  t      1  (  th 

positions  of  the  branch      oc        h  w  h  gh        p      p       lly  1  t    )     Th       !  t      I 

shoots  of  the  first  ord      b  g        t  th     It  m  t    g      h    1       t  t        1      es 

decussate  arrangement ;  d  th  first  p  Iw  y  t  d  ght  d  I  ft  f  fh  bt  d 
ing-leaf.      Every   such   1  t      I     hoot     f  th     fi    t        1  Hy   P     1  b  1  t      1 

branch-system,  which  sp     d        t    n  pi  Tl      pi  us    lly  1  t  I 

seedlings  of  Jtmja  gigant       T  L  bh     Si  dtlp         pi        tnthf  ' 

But  this  is  not  without  pt         1  t      I  bra    h   y  t  f  rme  1  h  re    nd  th  re 


spreading  in  a  vertical  pi  th  p  pi 
this  is  sometimes  repeated  in  some  of  the. lateral  shoots  ot  the  second  order.  1  found, 
however,  on  a  strong  seedling  of  Cupresius  La-uisoniana  seventeen  lateral  systems  of 
shoots  (standing  in  two  opposite  rows  on  the  primary  stem)  all  spreading  in  a  vertical 
plane,  while  only  one  lower  system  spread  horizontally.  These  differences  in  the 
position  of  the  principal  section  of  lateral  branch-systems  are  not  however  brought 
about  by  torsions,  which  would  easily  be  recognised  from  the  phyllotaxis ;  they  are 
original,  and  permanent.  Where  a  lateral  shoot  of  the  first  order  branches  hori- 
zontally, its  branches  are  produced  only  from  the  axils  of  leaves  that  stand  right  and 
left;  where  it  branches  vertically,  only  from  the  axils  of  leaves  that  stand  above  and 
below.  Now  since  the  principal  sections  of  these  lateral  branch-systems  have  altogether 
different  inclinations  to  the  horizon,  it  is  scarcely  possible  to  suppose  that  gravitation 
(or  light)  has  any  immediate  influence  on  the  origin  of  the  lateral  branches  of  the 
second  order.  The  vertical  position  of  the  principal  section  of  lateral  shoots  of  the 
first  order  is  much  more  constant  in  Araucaria  excelia;  and  here,  as  horticultural 
experience  shows,  we  have  a  phenomenon  inherent  to  lateral  arrangement  ;^ateral 
shoots,  planted  vertically  as  cuttings,  take  root  and  continue  to  grow  .vertically,  but 
produce  only  lateral  shoots  in  two  rows ;  the  branch  which  has  once  been  produced  as 
a  lateral  shoot  does  not  change,  when  placed  vertically,  into  a  many-sided  primary  stem*. 
I  may  add  a  few  remarfes  on  the  species  of  the  genus  Begonia,  which  show  that  the 
relation  of  the  bilateral  arrangement  of  the  parts  to  external  influences  may  be  entirely 
different  in  very  closely  allied  forms,  while  it  is  constant  for  members  of  the  same  plant. 
The  leaves  of  Begonias  are  alternate  in  two  rows;  on  thick  stems  the  two  rows 
approximate  on  one  side  of  the  stem,  and  the  other  side  of  the  stem  appears  naked  ; 
the  shoot  is  thus  not  only  bilateral,  but  it  has  a  leaf-bearing  anterior  and  a  naked 
posterior  side  which  are  very  unlike.  The  blade  of  the  leaves  is  very  unsymmetrieal, 
one  half  being  much  larger.  The  larger  halves  of  all  the  leaves  are  turned  towards 
the  posterior  side  of  the  stem ;   and  this  can  be  used  to  distinguish  the  posterior  and 

'  Axillary  shoots  are  formed  on  the  upper  side  of  the  mother-shoot  near  ita  base  in  Cerch.  and 
bear  inHoiesceni^s. 

'  [This  is  not  without  exception;  see  Gcepperl,  Acta  Acad.  Nat.  Cur.  1868,  p.  34,  t.  1,] 
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r  sides  even  in  slender-steniined  species,  as  B.  undulata  and  incornata,  although 
in  these  cases  the  leaves  are  not  approximated  on  the  anterior  side,  but  follow  exactly 
the  divergence  J.  It  is  well  to  remark  at  the  outset  that  the  leaf-stalks  of  Begonias  are 
moderately  heliotropic,  while  the  axes  of  the  shoot  are  scarcely  so.  In  thick  axes 
heliotropism  appears  to  be  entirely  wanting ;  in  slender  axes  {B.  undulata  and  inearnata) 
it  is  always  very  slight.  Some  species  with  moderately  thick  stems,  as  B.  Verschaffeltii 
and  tiiaiiicata,  ^row  upright  when  the  light  comes  from  one  side;  very  thick-stemmed 
species  bend  without  reference  to  the  direction  of  the  light,  while  slender-stemmed  species, 
allow  their  weak  branches  to  hang  down  without  pointing  in  any  one  definite  direction. 
If  attention  be  now  paid  to  the  direction  in  which  the  stems  bend,  the  plane  of 
curvature  is  found  always  to  comcide  with  the  principal  section  of  tht  shoot  which 
divides  it  into  two  similar  halves,  each  possesamg  a  row  of  leaies  j\  definite  relation- 
ship IS  also  manitested  between  the  tendency  to  bend  and  the  relative  thickness  and 
length  of  the  internodes  If  the  thickness  of  the  interoodes  be  represented  b)  i,  then, 
m  the  upright  stems  of  Begonia  niteni  Mohringi,  and  smuata,  their  respective  lengths 
are  9,  3  2,  and  2  ,  in  the  slightly  curved  B  mamcata  it  is  i  or  less  but  in  procumbent 
and  stron<l> -curved  stems  as  low  as  o  7  (B  hydrocotyhfohaS,  0  4  |S  pruinata),  and  a  2 
{B  ricmi/olia)  In  the  slender  stemmed  upright  species  the  ro»s  of  leaves  are 
dnmetncall)  opposite  to  one  another,  in  the  species  with  shghtly-curved  thicker  stems 
they  approach  on  the  anterior  side,  in  the  very  thick-stemmed  species  which  are  bent 
downwards  the  insertions  of  the  leaves  are  placed  entirely  on  the  anterior  side'  In 
the  thick  stemmed  species  the  stem  curves  downwirds  with  the  anterior  side  concave, 
or  lies  procumbent,  but  in  this  case  it  is  alway;  4he  leafless  posterior  side  which 
faces  downwards  and  puts  out  adventitious  roots  {B  ricinifolia  and  macropbylla)  In 
species  on  the  other  hand  which  ha*e  tall  stems  and  slender  internodes,  the  branches 
hang  down,  and  in  this  case  it  ra  the  posterior  >iide  which  becomes  convex  and  faces 
upwards  {B  undulata  and  inearnata)  Or,  in  other  words,  if  we  look  at  the  buds,  in 
the  slender-stemmed  forms  all  the  larger  hahes  ot  the  leaves  when  first  formed  turn 
upwards,  while  in  the  thick  stemmed  forms  the>  turn  downwaids  The  want  of  sym- 
metry of  the  leavci  is  thus,  wien  the  position  ot  the  bud  is  mclmed,  opposed  to 
gravitation,  and  when  the  stem  is  upright  his  no  relationship  w  th  it  In  species  with 
short  internodes  and  thick  stems  only  a  few  lateiai  shoots  are  developed,  in  those 
with  slender  stems  a  great  mmj  Such  a  relation  constantly  occurs  m  other  cases 
(Cactacea^,  Palms,  Ferns,  and  to  an  extreme  extent  in  Isoeuj),  The  bilateral  arrange- 
ment of  the  lateral  branches  is  connected  with  that  of  the  parent  axis  in  the  following 
way: — in  all  species  the  posterior  side  of  the  lateral  branch,  and  hence  the  kirger  halves 
of  the  leaves,  faces  the  parent  axis ;  the  principal  section  of  the  former  in  the  slender- 
stemmed  species  is  therefore  at  right  angles  to  that  of  the  latter.  In  thick-stemmed 
species,  where  the  axillary  shoots  are  approximated  in  front,  the  principal  section  of  the 
lateral  branch  makes  an  acute  angle  with  that  of  the  parent  axis.  As  development  pro- 
gresses, the  branches  of  slender-stemmed  species  retain  nearly  their  original  position ; 
in  thick-stemmed  species  where  the  anterior  and  posterior  sides  differ  greatly,  the  lateral 
branch  twists  in  such  a  manner  that  its  posterior  side  faces  in  the  same  direction  as  that 
of  the  parent  axis. 

I  have  no  precise  information  as  to  the  mode  of  life  of  different  species  of 
Begonia,  but  suppose  that  those  species  in  which  the  anterior  and  posterior  sides  are 
differentiated,  and  which  do  not  cling  to  the  ground,  may  have  the  power  of  climbing,  like 
the  ivy ;  although  observations  which  I  have  had  made  for  this  purpose  in  the  botanical 
garden  at  Wiirzburg  have  not  yet  led  to  any  satisfactory  result,  partly  because  the 
plants  were  already  too  old,  partly  because  the  access  of  light  was  piossibly  too  small  on 

'  The  absolute  measures  of  thickness  ran  almost  parallel  to  the  above-named  relative  ones ;  the 
relatively  thickest  internodes  arc  also  usually  absolutely  the  thickest,  and  these  stems  show  the  most 
decided  tendency  to  a  horizontal  growth. 
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the  anterior  side.  The  facts  stated  above  do  not  negative  the  hypothesis  that  with 
stronger  access  of  light  from  one  side  the  stems  of  Begonias  tnay  possibly  be  aphelio- 
tropic.  It  appears  moreover  from  Martius  {'Flora  brasiliensis,'  fasc,  XXVII.  p.  394) 
that  at  least  some  Begonias  cling  to  rocks  and  the  stems  of  trees  ^. 

Sect.  28.  Characteristic  Porms  of  Leaves  and  Shoots. — The  peculi- 
arities of  tballomes,  leaves,  axes,  and  roots  which  are  common  to  whole  classes, 
orders,  or  families,  are  the  subject  of  special  morphology  and  systematic  botany; 
on  the  other  hand  it  is  the  province  of  physiology  to  study  the  special  organi- 
sation by  which  the  members  of  a  plant  become  adapted  to  perform  definite 
functions.  There  are,  however,  some  peculiarities  of  growth  which  recur  in  dif- 
ferent divisions  of  the  vegetable  kingdom,  or  present  themselves  in  striking  con- 
trast to  the  ordinary  phenomena,  and  which  are  for  this  reason  well  adapted  to 
bring  into  prominence  the  value  of  general  morphological  ideas.  Peculiarities 
'  of  this  kind  are  termed  characUrhiic,  and  they  must  be  briefly  mentioned  here, 
chiefly  in  order  to  explain  some  scientific  terms  which  will  be  used  in  Book  II. 
We  may  limit  our  remarks  to  leaves  and  leaf-bearing  shoots,  since  the  fonns 
of  the  thallus  will  he  treated  in  sufficient  detail  in  the  chapter  on  Thallophytes, 
and  those  of  foots  present  only  slight  characteristic  differences,  to  which  refe- 
rence has  already  been  made ;  the  characteristic  forms  of  hairs  has  already  been 
sufficiently  alluded  to. 

(i)  Forms  of  Leaves.  When  fully  developed,  leaves  are  usually  flatly  extended 
plates  of  tissue,  the  extension  being  generally  in  directions  right  and  left  perpendi- 
cularly to  the  median  plane  or  principal  section,  so  that  the  surface  of  the  leaf  lies 
transversely  (at  right  angles  or  obliquely)  to  the  longitudinal  axis  of  the  stem.  This 
is  generally  quite  true  for  the  base  of  flat  leaves;  but  the  upper  part  of  the  surface 
of  the  leaf  is  sometimes  itself  extended  in  the  direction  of  the  median  plane,  so 
that  the  plane  of  extension  coincides  with  an  axial  longitudinal  section  of  the  stem, 
as  in  the  genera  Ixia,  Iris,  &c.  But  sometimes  the  leaves  are  not  flat,  but  conical 
or  polyhedral ;  conical  with  almost  circular  transverse  section  in  Characese  and 
Pilularia,  polyhedral  in  some  species  of  Mesembryanthemum  and  Aloe. 

The  outline  of  leaves  is  either  simple  or  segmented;  the  former  is  the  case 
when  no  definitely  separated  parts  can  be  distinguished  in  the  leaf;  a  leaf  is 
segmented  when  it  consists  of  pieces  of  various  shapes,  which  are  more  or  less 
separated  from  one  another.  Leaves  which  are  not  flat  are  usually  simple,  as 
also  are  those  which  are  flat  but  small,  their  length  and  breadth  being  inconsider- 
able relatively  to  the  stem,  and  not  exceeding  a  few  millimetres  or  centimetres  in 
absolute  measurement.  Larger  leaves  are  usually  distinctly  segmented,  and  in 
general  the  degree  of  segmentation  increases  with  the  increase  of  size ;  the  small 
simple  leaves  of  Mosses,  for  instance,  may  be  contrasted  with  the  large  segmented 
leaves  of  Ferns,  the  small  simple  leaves  of  LycopodiaceK  and  Coniferee  with  the 
large  compound  leaves  of  Cycadese,  the  small  simple  leaves  of  Linaceas  with  the  large 
much-divided  leaves  of  the  nearly-allied  Geraniace»,  &c.  The  segmentation  of  leaves 
usually  consists  in  the  distinction  of  a  basal  portion  which  generally  remains  narrow, 
cylindrical,  or  prismatic,  and  of  an  upper  portion  which  is    flatly  extended ;    the 

■  On  htliotropLsm  see  Book  HI.  Chap,  3.  Sect.  8. 
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former  being  called  the  leaf-stalk  or  peliole,  the  latter  the  blade  or  lamina.  Or  the 
lower  portion  of  the  leaf  has  the  form  of  a  sheath  enclosing  the  stem  and 
younger  leaves  like  a  hollow  cylinder.  If  the  upper  part  is  flatly  expanded  the  leaf 
then  consists  of  a  sheath  or  vagina  and  a  blade ;  it  sometimes  also  happens  that  a 
stalk  intervenes  between  the  sheath-like  basal  portion  and  the  lamina,  as  in  Palms  and 
some  Aroideie  and  Umbelliferse.  Segmentation  into  sheath,  petiole,  and  blade  may 
be  distinguished  as  longitudinal,  from  lateral  segmentation,  which  consists  of  actual 
branching,  as  in  pinnate,  deeply  lobed,  or  compound  leaves,  or  of  a  rudimentary 
branching,  as  in  indented,  toothed,  and  sinuate  leaves.  Leaves  are  termed  compound 
in  which  the  individual  lateral  pieces  of  the  lamina  are  completely  separated  at  their 
base ;  while  those  forms  are  termed  lobed  in  which  the  lateral  branches  are  only  more 
or  less  projecting  portions  which  unite  at  their  base.  If  the  individual  branches  of  a 
branched  leaf  are  sharply  separated,  each  branch  forms  independently,  so  to  speak,  a 
leaf,  and  is  hence  distinguished  as  a  leaflel.  The  pinnation,  like  the  formation  of 
lobes,  may  be  repeated.  If  the  branches  are  obviously  arranged  in  two  rows  the 
leaf  is  said  to  be  pinnate  if  it  is  a  compound  leaf;  pi  nnately -lobed,  pinnatisect,  or 
pinnatilid  if  the  divisions  are  incomplete ;  dentate,  serrate,  or  crenate  if  the  lateral 
projections  are  very  small  relatively  to  the  lamina.  If,  on  the  contrary,  the  branches 
or  lobes  of  the  lamina  are  aggregated  at  the  end  of  the  petiole,  and  radiate 
from  it.  the  leaf  is  said  to  be  digitate,  palmately  lobed,  &c.  It  is  termed  peltate 
when  the  lamina  is  attached  not  by  a  portion  of  its  margin,  but  at  a  point 
on  its  under  surface  (as  in  Tropaolum,  Nelumbium,  &c.).  These  are  only  a  few  of 
the  more  important  forms;  the  student  will  find  in  every  text-book  a  number  of 
other  distinctions  and  terms  employed  in  the  special  description  of  plants '. 

As  occasional  appendages,  which  indicate  a  still  further  segmentation  of  leaves, 
must  be  mentioned  sdpules,  ligular  structures,  and  hood-like  outgrowths. 

Slipules  may  be  considered  as  lateral  branches  of  leaves  which  arise  at  their 
very  point  of  insertion  ;  they  stand  in  pairs  right  and  left  of  the  base  of  the  leaf, 
either  entirely  distinct  from  it  {free)  or  united  to  it  in  growth  (adnaH)  \  each  single 
stipule  is  usually  bilaterally  unsymmetrical,  and  its  shape  is  the  reflected  image 
of  the  other.  Stipules  are  not  formed  until  after  the  origin  of  the  leaf,  but  then 
grow  much  more  rapidly,  and  attain  their  final  development  at  an  earlier  period; 
hence  they  play  an  important  part  in  the  position  of  the  parts  in  the  bud.  In 
vernation  they  either  extend  by  their  inner  margins  (those  facing  the  median  plane  of 
the  leaf)  over  the  back  of  the  leaf  and  cover  it  outside  either  partially  or  entirely, 
or  they  extend  in  front  of  the  leaf  (on  (he  side  facing  the  stem)  right  and 
left,  and  thus  cover  the  parts  of  the  bud  next  youngest  in  age.  In  one  or  the 
other  of  these  modes  chambers  are  not  unfrequently  formed  by  the  stipules,  in  which 
the  formation  of  the  leaves  is  completed,  and  from  which  they  expand  and  unfold ; 
the  stipules  then  either  also  remain  and  unfold,  or  die  and  drop  off. 

The  term  ligule  is  applied  to  a  membranous  outgrowth  on  the  inner  side  of 
the  leaf  of  Grasses  at  the  point  where  the  flat  lamina  bends  out  at  an  angle  from 
the  sheath ;  it  stands  transversely  to  the  median  plane  of  the  leaf.  Similar,  out- 
growths are  also  found  elsewhere,  as  on  the  petals  of  Lychnis  and  Narcissus  (where 
•  [Gray's  Botanical  Text-book,  Part  I,  Structural  Botany.  1873,  gives  perhaps  the  best  English 
esposition  of  the  current  terminology  of  Flowering  plants.] 
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they  form  the  so-called  Corona),  on  the  leaves  of  Allium,  &c.,  and  may  he  included 
in  the  general  term  of  ligular  structures.  Outgrowths  sometimes  occur  from  the 
posterior  (outer)  side  of  leaves,  aSj  for  instance,  the  large  hood-like  appendages 
of  the  stamens  in  Asclepiadese. 

It  is  only  in  some  Muscinese  that  the  tissue  of  the  leaf  consists  throughout  of 
a  single  layer  of  cells.  Usually,  especially  in  large  leaves,  the  tissue  is  composed 
of  several  layers,  and,  in  vascular  plants,  is  distinguished  into  epidermis,  paren- 
chymatous fundamental  tissue,  and  fibro-vascular  bundles.  The  fundamental  tissue 
is  termed  mesophyll ;  the  system  of  the  fibro-vascular  bundles  running  into  the 
leaf  forms  the  so-called  ■nenaiton.  In  the  leaves  of  many  Mosses  which  otherwise 
consist  of  only  one  layer,  there  runs  in  the  middle  from  the  base  towards  the 
apes  a  bundle  of  several  layers,  called  the  mid-rib ;  in  leaves  of  more  com- 
plicated structure  there  is  also  usually  a  mid-rib  which  runs  from  the  base  to  the 
apex  of  the  lamina,  and  divides  it  more  or  less  symmetrically  into  two  halves. 
The  same  occurs  in  every  lateral  leaflet  or  in  every  branch  or  lobe  of  the  lamina; 
from  the  mid-rib  spring  the  lateral  veins  which  ran  to  the  margin  of  the  leaf.  In 
larger  leaves,  especially  those  of  Dicotyledons,  the  fibro-vascular  bundles  which 
traverse  the  mid-rib  and  its  stronger  branches  are  enclosed  in  a  thick  paren- 
chymatous layer  of  tissue,  the  cells  of  which  differ  from  those  of  the  mesophyll. 
Usually  these  veins  project  on  the  under  side  of  the  leaf,  and  the  larger  the 
whole  lamina  the  more  strongly  are  they  constructed  {especially  the  mid-rib). 
The  finer  veins,  on  the  contrary,  consist  of  single  fibro-vascular  bundles,  often 
branching  extensively,  which  run  through  the  mesophyll  of  the  lamina  itself. 
The  kind  of  venation  varies  in  diff"erent  classes  of  vascular  plants,  and  is  often 
very  characteristic  of  large  groups.  This  will  be  explained  more  in  detail  in  the 
proper  place. 

In  Characete,  Muscineee,  and  Vascular  Cryptogams,  all  the  leaves  of  a  plant 
are  usually  similar,  being  either  simple  or  segmented  in  the  same  manner,  although 
the  segmentation,  especially  in  Ferns  and  Rhizocarps,  is  simpler  in  young  than  in 
the  large  leaves  of  mature  plants.  But  it  also  happens,  even  in  Cryptogams,  that 
leaves  of  very  difi'erent  forms  are  found  on  the  same  plant.  Thus  some  MuscineEe 
form  colourless  minute  leaves  on  the  underground  creeping  shoots,  and  in  the  neigh- 
bourhood of  the  organs  of  reproduction  ihey  often  produce  leaves  of  a  different 
shape  from  those  on  the  rest  of  the  upright  parts.  In  the  same  manner  among 
Ferns  the  leaves  on  the  underground  shoots  (stolons)  of  Sirulhiopieris  germanica 
are  represented  by  thin  membranous  scales,  which  are  replaced  on  the  upright  end 
of  the  stolon  by  large  green  pinnate  leaves.  In  Salvinia,  among  Rhizocarps,  each 
whorl  consists  of  two  simple  roundish  leaves  which  rise  into  the  air,  and  one  that 
hangs  down  into  the  water  and  consists  of  filiform  branches.  Even  in  ConiferEe  and 
CycadeEe  variation  in  the  leaves  of  the  individual  plant  is  much  more  common ; 
while  in  Monocotyledons  and  Dicotyledons  the  shapes  of  leaves  become  extra- 
ordinarily variable,  not  only  on  the  same  plant  but  often  on  the  same  axis. 

The  two  most  common  forms  of  leaves  are  the  scale-  or  '  cataphyllary'  leaves  ' 
and  the  foliage-leaves. 
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The  /bhigr,  iei7es^  are  always  distinguished  by  their  green  colour,  owing  to 
their  containing  ch'orophyll  (which  however  is  sometimes  concealed  by  red  sap); 
and  It  IB  these  which  in  popular  language,  are  exclusively  called  leaves.  Usually 
they  are  the  largest  foliar  organs  of  the  plant,  lasting  the  longest,  and  distinguished 
by  the  greater  decree  of  segmentation  of  the  outline,  as  well  as  by  the  more  perfect 
development  of  their  tissue.  As  the  chief  store-houses  of  chlorophyll  they  are  the 
most  important  organs  of  assimilation,  and  are  always  destined  to  be  expanded  to  the 
light  even  when  they  are  formed  on  underground  growing  points  (as  in  Sa^l,  Pieri's 
aquilina,  &c.).  When  small  they  are  usually  produced  in  great  numbers  on  a  shoot ; 
as  they  increase  in  size  their  number  and  the  rapidity  of  their  growth  diminishes  in 
proportion.  In  this  respect  the  numerous  small  leaves  of  Mosses  may  be  compared 
with  the  few  large  leaves  of  Ferns,  the  numerous  small  leaves  of  Conifers  with  the 
few  large  ones  of  Cycads,  &c. 

Smk-  or  Cataphyllary  leaves  are  usually  produced  on  underground  shoots, 
and  remain  buried  in  the  earth,  although  they  also  frequently  occur  above  ground, 
especially  as  an  envelope  to  the  winter-buds  of  woody  plants  (as  the  Horse -Che  snut, 
Oak,  &c.).  In  the  genus  Pitms  the  primary  and  strong  lateral  axes  form  leaves 
of  this  kind  only;  the  acicular  foliage-leaves  appear  in  tufts  on  small  axillary 
shoots ;  in  Cycas  scale-leaves  alternate  regularly  on  the  stem  with  large  foliage- 
leaves.  Seedlings  (as  of  the  Oak)  and  the  lateral  shoots  from  underground  axes 
often  begin  with  scales  and  only  advance  at  a  later  period  to  the  production  of 
foliage-leaves  (e.  g.  Slrulhiopieris,  Mgopodium,  Orchis,  Polygonatum,  &c.).  In 
parasites  and  plants  which  live  on  decaying  vegetable  matter  (saprophytes)  and 
are  destitute  of  chlorophyll  {f.g.  Menolropa,  Neollia,  Corallorkiza,  Orohanche,  &c.) 
the  scales  are  the  only  foliar  structures  of  the  vegetative  parts,  the  foliage-leaves  being 
absent.  Even  in  those  plants  whose  foliage-leaves  are  much  segmented  the  scales 
remain  simple ;  they  are  distinguished  by  a  broad  base,  usually  diminudve  length, 
the  absence  of  prominent  veins,  and  by  forming  no  chlorophyll  or  only  very  littk. 
They  are  colourless,  yellowish,  reddish,  or  often  brown ;  their  texture  is,  according 
to  circumstances,  fleshy,  succulent  (as  in  some  bulbs),  membranous,  or  tough  like 
leather.  ■ 

In  Phanerogams,  especially  in  Monocotyledons  and  Dicotyledons,  several  other 
forms  of  leaves  make  their  appearance  as  a  preliminary  to  fertilisation — bracts, 
sepals,  petals,  stamens,  and  carpels.  The  thick  seed-leaves  or  cotyledons  will  be 
spoken  of  in  detail  as  a  peculiarity  of  these  classes. 

F  m  point  of  view  of  the  Theory  of  Descent  we  are  justified  in  considering 
a  tl  o  of  leaves  as  subsequent  metamorphoses  of  fo I iage- leaves ;  and  these 
a  are  b  fore  regarded  as  the  original  typical  leaves.  When  they  lost  their 
o  n  fun  on — the  assimilation  of  food-materials — and  served  other  purposes, 
h  y  a  um  d  at  the  same  time  other  forms  and  structure.  The  same  is  meant 
wh  n    erta  n  endrils  and  spines  are  said  to  be  metamorphosed  leaves.    Leaf-tendrils 

Laubb  b  h  psophyll,'  'cataphyll,'  iind  'eHphyil.'  The  two  first  of  these  are  useful  additions 
to  botanii-al  terminology ;  the  last,  however,  does  not  seem  to  be  required,  being  precisely  equivaleut 
to  the  term  foliage-leaf,  which  is  a.lready  in  gengral  use  {hypsophyll  =  bract)]. 

'  Compare  the  characteristics  of  the  formations  of  leaves  in  A.  Braun,  Verjiingung  in  der 
Natur,  Freiburg  1849-50,  p,  66,     [Ray  Soc,  Hot,  and  Phys.  Mem.  3853,  p.  62,] 
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are  leases  or  parts  of  leaves  which  have  become  fil  form  and  po'isess  the  power 
of  wmding  round  slenier  bodies  and  thus  of  serving  -is  clmbmg  organs  (■ih  in 
Ima  Ghnosi  Smilax  aspera  &c)  LiaJ  spims  are  leases  wlich  ha\e  developed 
into  long  conical  pointed  woody  bodies  they  fake  the  place  of  foSiage  leaies 
{B  rbtrts)  or  stipules  (Xanthtum  spimsuri  some  species  of  A  a-%i)  These  two 
kinds  of  metamorphosis  occur  almost  exclusively  in  Flowenng  plants  (Ang  o 
sj  erms)  the  mo^pholo^^Lal  and  physiolog  ca!  perfection  of  which  in  comparison 
with  Cryptogams  md  Gymnosperms  is  espeaally  due  to  the  cap abilitj  of  their  leases 
to  as&ume  the  most  vanous  forms 

{2)  Forms  of  Sho  Is  The  axis  of  leaf  beanng  shoots  is  when  sufficiently 
developed  usuillj  columnar  w  th  t  cylindrical  or  prismatic  surface  If  the  growth 
in  length  s  very  small  m  proportion  to  that  in  thickne  s  the  hort  column  fcrms 
a  plate  as  m  the  bulbs  of  All uri  C pi  and  /i  eles  if  the  growth  m  length  is 
somewhat  greater  v.  th  at  the  same  time  considerable  increase  of  thickness 
rounled  or  elongated  masses  are  produced  {as  the  tubei  of  the  Potato  and  Arti 
choke  the  afen^l  stems  of  MatimiUtria  and  Huph  tbia  ttelofotnui)  when  the 
growth  in  length  greatly  preponderates  ve  have  stems  scapes  and  filiform  struc 
tures  of  vanous  kind  Vcr>  commonly  the  same  shoot  shows  diff'erences  of  this 
kind  in  successive  stages  of  its  longitudinal  growth  thus  the  stem  of  the  Onion 
which  IS  at  hrft  bioad  tnd  tabulir  afterwards  r  ses  as  a  h  gh  naked  scipe  the 
end  of  which  m  its  turn  remans  birt  an!  thus  produces  the  umbellate  m 
florescence  and  n  the  same  n  inner  the  th  ck  tuber  of  the  Potato  is  onlj  ihe 
swollen  end  of  a  slender  fil  f  rm  si  oot  Among  the  numerous  deMitions  from 
the  columnar  form  of  the  ax  s  the  con  cal  is  of  pecuhar  interest  The  conical 
stem  IS  of  two  knJs  it  miy  be  lender  at  the  bise  increasmg  in  thickness  with 
further  growth  n  length  so  that  eicli  portion  of  the  a\ib  is  thick  m  proporti  n 
to  its  jouth  and  the  upright  stem  resembles  a  cone  placed  upon  its  po  nt  the 
growing  ape\  then  les  <.n  the  surfice  which  is  turned  uppermost  or  nses  above 
It  as  an  upright  cone  This  form  occurs  m  the  tems  of  Tree  ferns  Palms  in 
Maize  and  in  many  Aroidese  it  depends  on  the  absence  of  a  secondary  growth 
in  th  ckness  while  \  ilh  the  age  of  the  plant  the  }Oung  tissue  of  the  stem  becomes 
constandy  larger  in  circumference  immediate!)  beneath  its  apex  when  this  m 
crease  ceases  the  circumference  of  the  later  increment  of  length  remains  the 
same  and  the  inverted  ccnical  •>  em  continues  to  grow  in  the  form  of  a  cjhnder 
The  second  form  of  conical  sten  is  caused  by  a  long  continued  secondary  grow  th 
in  thickness  together  with  the  small  circumference  of  the  shoot  at  the  growin^  point 
this  occurs  in  Conifers  and  many  dicotjledonous  trees  the  older  tems  of  which 
we  thick  beljw  but  slender  atJO\e  and  thu-i  resemble  a  slender  cone  placed  on 
Its  base 

The  habit  of  a  leafy  axis  or  of  a  segment  of  one  is  usually  m  close  relation 
to  the  number  size  and  formation  of  its  lea\es  If  the  mternodes  are  very  short 
but  the  leaves  small  and  numerous,  the  surface  of  that  portion  of  the  axis  is  nowhere 
exposed  and  the  leaves  onlj  are  seen  as  in  species  of  Thuja  and  Cupre  sus  and 
some  Mosses  (72wiAot«)  m  sich  cases  whole  branch  sjstems  f  equently  have  the 
appearance  of  mult  i  innate  leaie  If  the  closelj  packed  lea\es  are  large  thej  form 
a  rosette  enveloping  the  en  1  of  the  stem    while  the  older  parts  of  the  stem  are 
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clothed  with  the  remains  of  the  leives  or  are  nailed  as  m  Tiee  Ferns  procumbent 
species  of  Asfidium  Palms  species  of  4/  e  &.c 

If  3.  comparison  is  made  between  the  amount  of  development  in  hulk  which 
takes  place  m  the  leaies  and  m  the  axis  of  t  shoot  we  find  as  extremes  on  one 
Bide  for  example  the  Cacti  {Ctreus  Mamm:I/zria  Echinoiaclus  &c)  with  gigantic 
axes  and  entirelj  abortne  leaves  on  the  other  side  the  Crassulacese  with  fleshy 
crowded  leaves  and  comparatively  weak  stems  or  on  one  side  the  underground 
tubers  of  the  Potato  with  scarcely  visible  scales  and  on  the  other  'iide  the  bulbs 
of  Lihacese  with  fleshj  scales  which  entirely  envelope  the  short  stem 

In  reference  to  the  formition  of  leaves  which  appear  on  the  shoots  it  must 
first  be  noted  whether  the  same  axis  alwajs  produces  only  similar  leaves  or  such 
as  gradually  vary  in  form  The  first  ib  the  case  for  ex  imple  m  most  Muscinc'e 
Ferns  LjcopodLace«e  Rhizocirps  ■ill  Fxjuisetacce  and  most  Conifers  the  latter 
on  the  other  hand  occurs  commonlj  in  shrubby  Dicot)!edons  In  Mmocotjledons 
and  Dicotjledons  (tr  i  certain  extent  even  in  Conifers)  it  mt  unfrequenllv  happens 


that  the  different  forms  of  leaves  are  distributed  over  different  generations  of  shoots ; 
certain  shoots  produce,  for  example,  little  or  nothing  but  foliage -leaves,  others 
produce  only  bracts  with  or  without  flowers  {e,  g.  Begonia).  In  such  cases  the 
shoots  may  he  designated,  according  to  their  leaves,  scaly  shoots,  leafy  shoots, 
bract-axes,  flowers,  peduncles,  &c.  On  this  point  furdier  details  will  be  given  in 
Book  IL 

It  is  of  very  common  occurrence  with  Cryptogams  and  Angiosperms  (not 
with  Gynmosperms)  for  a  persistent  primary  axis  or  branch-system  to  continue  to 
grow  underground,  and  to  send  up  only  at  intervals  long  foliage-leaves  or  shoots, 
which  subsequently  disappear  in  their  turn  and  are  replaced  by  others.  When 
such  axes  or  branch-systems  lie  horizontally  or  obliquely  in  the  ground,  and 
produce  lateral  roots,  they  are  called  rhizomes  (Fig.  ig6),  (as  in  Iris,  Folygonalum, 
Pteris  aquilina  and  many  other  Ferns).  Frequently  they  die  at  the  posterior  and 
continue  to  grow  at  the  anterior  end.  Underground  tubers  and  bulbs  are  more 
transitory  structures,  usually  lasting  only  for  one  period  of  vegetation ;  the  forniei: 
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are  characterised  by  the  preponderance  of  the  axial  mass  with  a  very  smal!  amount 
of  leaves,  the  latter,  on  the  contrary,  by  the  preponderance  of  leaves  closely  packed 
round  a  short  stem.  If  the  lower  parts  of  a  plant  produce  slender  lateral  shoots 
with  small  scales  growing  upon  or  beneath  the  earth,  and  after  rooting  at  a  con- 
siderable distance  from  the  mother-stock  produce  foliage- shoots  or  shoots  stronger 
than  themselves,  they  are  called  stolons,  as,  for  instance,  in  ^gopodium  Podagraria, 
Fragaria,  Siruihiopterts  germanica,  and  in  Mnium  and  Caiharima  among  Mosses, 

The  greatest  degree  of  variation  from  the  ordinary  forms  of  shoots  is  displayed 
by  the  flat  leaf-like  axes  and  branch-systems,  and  by  the  stem-tendrils  and  spiny 
shoots  which  occur  frequently  in  A ngio sperms.  Leaf-like  axes  (phyllodades) 
are  found  in  those  Phanerogams  in  which  large  green  foliage- leaves  are  wanting, 
and  they  replace  them  physiologically;  their  axial  structure  is  of  considerable 
superficial  extent,  and  they  produce  and  expose  to  the  light  large  quantities  of 
chlorophyll;  they  generally  bear  only  very  small  membranous  scale-leaves.  Ex- 
amples may  be  found  in  Phyllodadus  among  Conifers,  Ruscus  among  Mono- 
cotyledons, and  among  Dicotyledons  in  Muhknbeckia  plaiyclada  (PolygonaccEe), 
Xylophylla  (EuphorbiaccEe),  Carmichaelia  (PapilionaccEe),  and  in  Opuntia  hrasiliensis 
and  Bhipsalis  crispata  (Cactacea;),  &c. 

Stan-tendrils,  like  leaf-tendrils,  are  long,  slender,  filiform  structures,  which  have 
the  power  of  winding  spirally  round  slender  bodies  in  a  horizontal  or  oblique  position 
with  which  they  come  laterally  into  contact,  and  thus  serve  as  climbing  organs ;  they 
spring  laterally  from  shoots  which  have  not  the  form  of  tendrils,  and  are  distinguished 
by  the  absence  of  foliage-leaves,  their  power  of  forming  leaves  [>eing  mostly  limited 
to  very  minute  membranous  scales.  They  are  usually  easily  distinguished  from  leaf- 
tendrils  by  their  origin,  position,  and  by  the  production  of  leaves ;  cases,  however, 
occur  where  the  morphological  namre  of  a  tendril  is  doubtful,  as,  for  instance, 
in  Cucurbitaces '.  Evident  examples  of  stem-tendrils  are  to  be  met  with  in 
Vilis,  Ampelopsis,  and  Passiflora.  Shoots  which  bear  strongly  developed  foliage- 
leaves  on  long  slender  intemodes,  and  which  have  the  power  of  winding  in  an 
ascending  manner  round  upright  supports,  are  not  considered  tendrils,  but  are 
called  twining  or  climbing  stems  ^ ;  a  distinction  is  drawn  between  tendril- 
climbers  (as  Vilis)  and  stem-climbers  (as  Phaseolus,  Humulus,  Convolvulus,  &c.).  In 
Cuscuta,  where  the  primary  shoot  and  all  the  lateral  shoots,  except  the  inflorescences, 
twine  in  the  manner  of  tendrils  and  of  climbing  stems,  and  where  foliage-leaves  are 
also  entirely  suppressed,  the  peculiarities  of  tendrils  and  of  climbing  stems  are  to  a 
certain  extent  united.  A  distinction  similar  to  that  between  stem-tendrils  and  climb- 
ing stems  is  also  possible  in  leaves ;  the  foliage -leaves  of  Lygodium  exhibit  con- 
tinuous growth  in  length,  and  behave  completely  like  climbing  stems,  the  rachis 
of  the  leaf  corresponding  to  a  climbing  axis,  and  the  leaflets  to  its  foliage -leaves '. 

The  axial  shoots  of  many  Angiosperms  have,  like  the  leaves,  the  power  of 

'  According  to  Warming  these  are  also  metamorphosed  branches. 

'  Compare  H.  von  Mohl,  Ueber  den  Bau  und  das  Winden  der  Ranken  und  Schlingpflanzen. 
Tubingen  1817.  [See  also  Darwm,  On  the  Movements  and  Habits  of  Climbing  Plants,  London 
187s-] 

=  Compare  Book  II,  Feras,  and  Book  III,  on  the  Physiological  Signification  of  Tendiils  and 
Climbing  Stems, 
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forming  spines,  becoming  transformed  into  conical,  pointed,  hardened  bodies. 
This  may  take  place  either  by  the  whole  shoot  or  even  a  whole  branch- system 
becoming  spiny,  with  suppression  of  the  foliage -leaves,  as  in  the  branched  spines 
of  GkdiUchia  ferox,  or  by  the  shoot  first  producing  foliage -leaves,  growing  in  the 
ordinary  manner,  and  finally  finishing  its  growth  in  length  by  a  spiny  point,  as 
in  the  lower  axillary  shoots  of  Giediischia  iriacanikos,  Prunm  spinosa,  and  many 
Others. 

Among  Phanerogams,  especially  Monocotyledons  and  Dicotyledons,  displacements  of 
the  leaves  and  lateral  shoots  {as  well  as  roots),  and  adhesions  of  members,  constantly  occur, 
which,  as  development  advances,  are  in  apparent  contradiction  to  the  typical  laws  of 
growth  and  local  position  which  are  the  ordinary  ones  in  these  c 


impossible  to  apply  even  the  most  general  rules  of  growth  which  we  have  now  been  con- 
adering.  It  would  be  difficult  for  even  a  clever  beginner  to  explain  by  the  principles  which 
have  been  regarded  in  this  chapter  as  most  universal,  the  structure,  for  instance,  of  the  ex- 
panded Sower  of  an  Orchis,  Rose,  Lamiutn,  Salvia,  or  of  many  other  plants,  of  a  partially  or 
wholly  ripe  fig,  or  the  phyllotaxis  in  the  inflorescences  of  Borraginesc  and  Solanaces  and 
many  others.  But  the  history  of  development  shows  that  even  such  cases  may  be  ranged 
under  these  laws,  and  that  peculiarities  of  structures  of  this  kind  only  arise  at  a  later 
period,  or  in  such  a  manner  that  they  confirm  general  rules.  The  deviations  from  these 
laws  are  caused  by  the  cessation  of  the  growth  of  particular  parts  at  an  early  period,  while 
others  undergo  a  great  advance ;  or  they  are  caused  by  the  adhesion  of  parts  originally 
distinct.      Although    it    is  quite  impossible   to   give   general   rules  for  the  explanation 
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of  abnormal  formations,  yet  the  causes  which  most  commonly  produce  these  results 
may  be  mentioned ;  these  may  be  included  under  the  heads  dhptacement,  adhesion,  and  , 
abortion.  Very  commonly  the  two  first  act  in  unison,  and  in  many  flowers  combine  witb 
abortion  to  produce  complex  organs  difficult  to  explain.  It  belongs  to  the  most  beautiful 
problems  of  morphology  to  refer  such  apparent  exceptions  to  more  general  laws  of 
development ;  and  the  determination  of  natural  affinity,  the  definition  of  the  typical 
characters  of  whole  classes,  orders,  and  families,  depends  upon  it.  Since,  however,  these 
complicated  phenomena  belong  almost  exclusively  to  Angiosperms,  and  in  them  occur  to 
much  the  largest  extent  in  the  flowers  and  inflorescences,  the  best  place  for  a  more 
detailed  description  will  be  when  the  characteristics  of  this  class  are  under  consideration. 
Some  explanation  may,  however,  be  given  here,  by  means  of  a  few  examples,  of  the  use 
of  the  terms  displacement,  adhesion,  and  abortion. 

Fig.  137  represents  diagram matically  a  branch-system  developed  sympodially  and 
proceeding  from  an  axillary  shoot ;  1, 1  being  the  first  shoot  with  its  two  leaves  r»  and 
I* ;  in  the  axil  of  the  leaf  1''  is  developed  the  shoot  2,  2,  with  its  two  leaves  2*,  2'' ;  in 
the  axil  of  its  leaf  (zi")  again  arises  the  lateral  shoot  3,  3,  with  its  leaves  j»,  j'',  and  so  on. 
The  parts  of  the  stem  of  the  shoots  i,  3,  j,  4,  which  proceed  from  one  another,  form  a 
straight  pseud-axis  or  sympodium  with  the  peculiarity  that  the  mother-leaf  in  whose  axis 
the  lateral  shoot  developes  adheres  to  it,  and  is  carried  up  by  it  for  some  distance.  If 
we  call  the  globular  ends  r,  2,  j,  4  of  the  figure  flowers,  the  whole  Ls  weli  adapted  to 
represent  diagrammatically  the  inflorescence  of  some  SolanaccEe,  If  the  leaves  i»,  3»,  j», 
4»  are  supposed  to  be  removed,  the  diagram  might  stand  for  the  primary  branch  of  the 
inflorescence  of  Sedum.  If,  on  the  other  hand,  a  lateral  shoot  is  supposed  to  be  formed 
in  each  case  in  the  axil  of  the  leaves  i*,  2*,  j*,  4"  in  the  same  manner  as  on  the  other 
side  with  displacement  of  the  mother-leaf,  this  would  repeat  diagrammatically  in  a  simple 
manner  the  branching  and  phyllotaxis  ol Datura''. 

Still  more  complicated  are  the  phenomena  in  Fig.  158,  where  /represents  the  lower 
part  of  a  flowering  plant  aiHerrmrtium  Monorch'u.  (  !  is  the  surface  of  the  ground,  and 
what  lies  below  this  is  therefore  underground:  S  is  a  swollen  spherical  root,  above 
which  rises  the  leaf-bearing  shoot,  which  produces  in  its  lower  part  slender  lateral  roots, 
lu,  in,  lu,  as  well  as  a  sheath-like  scale '^  A,  and  two  foliage-leaves  c,  d,  and  coptinues 
higher  as  a  slender  scape  A,  bearing  a  raceme  of  flowers  at  its  summit.  Turning  our 
attention  exclusively  to  the  structure  H;  we  find  it  to  be  a  shoot  which  contains  the  bud 
for  the  next  year;  for  the  whole  plant  ^,  B  in  /  dies  off  after  flowering,  a  similar  plant 
being  produced  the  next  year  from  the  bud  contained  in  H.  H  is  therefore  an  axillary 
shoot  of  the  scale  i,  an  earlier  condition  being  represented  in  Fig.  HI,  where  M  repre- 
sents the  base  of  the  leaf  i  cut  through  its  median  plane ;  ^  is  a  fibro-vascular  bundle 
running  from  the  primary  axis  to  the  bud  u;  i/  is  the  first  leaf  of  this  bud  u  which 
is  placed  with  its  back  to  the  mother-axis  and  forms  a  diminutive  sheath  enclosing 
the  succeeding  leaves  of  the  bud  b  ;  ^  is  the  young  tuberous  root  with  its  root-sheath  -v. 
In  order  to  understand  the  displacement  which  has  already  taken  place,  the  whole  lower 
part  between  M  and  -v  must  be  imagined  shortened  to  such  an  extent  that  B*  would  be 
somewhere  near  the  letter^;  and  the  bud  u  must  be  supposed  at  the  same  time  moved 
backwards  towards  0.  By  this  means  the  normal  position  of  the  parts  oi  H  under  con- 
sideration is  restored,  and  it  is  intelligible  that  the  channel  /,  inclosed  by  the  base  of  the 
leaf  */,  is  a  consequence  of  the  oblique  direction  outwards  of  the  growth  of  the  tissue 
lying  between  0  and  a,  that  the  root-sheath  ir  must  be  regarded  as  a  part  of  the  surface 
of  the  primary  axis  above  M,  and  that  in  consequence  S'  has  been  formed  in  the 
tissue  of  the  mother-axLs  beneath  the  bud  a,  and  laterally  on  the  fibro-vascular  bundle  g. 
In  the  normal  position  of  the  bud  and  root,  the  axis  of  growth  of  the  latter  would  form 
almost  a  right  angle  with  that  of  the  bud,  whereas  by  the  displacement  one  forms  a 

'  [See  Pajer,  filemeiils  de  Botanique,  p.  117.] 

'  A  first  scale  in  the  axil  of  whidi  the  butl  i  stands  is  no  longer  to  be  seen. 
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prolongation  of  the  other.  The  growth  of  the  mass  of  tissue  lying  between  g  and  a  further 
continues  in  the  same  direction,  and  the  whole  lateral  shoot  assumes  the  form  repre- 
sented in  H  (Fig.  I) ;  the  still  further  change  of  position  of  the  parts  which  takes  place 
in  consequence  is  explained  by  Fig.  //,  where  in  represents  the  bud  u  in  III,  bl  the 
still  more  elongated  sheath  of  the  leaf  bl  in  III;  the  channel  I  is  the  cavity  inclosed  by 
the  leaf  bl  increased  in  breadth,  and  which,  were  there  no  displacement,  would  be  entirely 
filled  up  by  the  bud  a  (or  in)'. 

In  order  to  make  the  following  displacement,  which  occurs  very  commonly,  more 
intelligible,  reference  should  be  first  made  to  Fig.  118,  p.  15^,  This  shows  how  the 
tissue  beneath  the  apex  expands  laterally  by  early  growth,  so  that  the  surface  of  the 
growing  point,  which  would  otherwise  be  elevated  in  a  cone,  becomes  almost  level ;  and 
the  apical  point  thus  comes  to  lie  in  the  middle  of  3  plane  instead  of  at  the  point  of 
a  cone.    In  the  Sunflower  this  state  of  things  remains  nearly  unchanged  as  the  capitulum 
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which  as  shown  ra  Fig.  159,  is  a  metamorphosed  branch,  the  apex  of  which  is  at  i*  still 
nearly  level,  at  II  has  already  been  outstripped  by  a  circular  leaf-bearing  cushion,  and 
at  J/P  is  depressed  in  the  form  of  an  urn.  The  apical  point  of  this  shoot  lies  in  this 
case  in  the  deepest  part  of  the  hollow,  the  inner  side  of  which  is  properly  only  the 
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prolongation  of  the  outside  of  the  fig,  and  bears  in  consequence  a  lai^e  number  of  flowers 
(exogenous  lateral  shoots).  In  the  nearly  related  genus  Dorslenia  the  fig  remains  open; 
the  margins  of  the  tabular  part  of  the  axis  which  bears  the  small  flowers  do  not  arch  over 


a  process  very  similar  to  the  formatioi 
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side  of  the  floral  axis  which  has  been  turned  ra.  To  this  cor- 
jccession  of  the  leaves  {which,  however,  is  only  adhered  to  in  a 
general  way).  It  is  clear  that  if  the  apical  point  lies  aty  (in  11),  the  order  of  succession 
of  the  leaves  (in  this  case  stamens  jt  and  carpels  A)  from  above  downwards  must  be 
termed  acropetal. 

If  an.  additional  proof  of  what  has  just  been  said  were  wanted,  it  would  be  fur- 
nished by  the  history  of  development  of  the  flowers  of  Geum,  a  genus  very  nearly 
related  to  the  Rose  (Fig.  i6i).  That  part  of  the  floral 
axis  which  bears  the  sepals  /,  the  corolla  c,  and  the  stamens 
iia,  is  elevated  in  the  form  of  a  circular  wail  yy\  but 
the  apical  region  which  in  Rosa  entirely  ceases  to  elongate, 
becomes  here  again  elevated  as  a  conical  body  *■,  bearing 
at  its  summit  the  apical  point  of  the  floral  axis.  The  order 
of  succession  of  the  foliar  structures  is  again  acropetal, 
and  in  consequence  the  stamens  a  are  formed  on  the 
inner  side  of  the  axis  yy  from  above  downwards,  the 
carpels  which  succeed  them  on  x  from  below  upwards. 
In  Geum  and  other  Dryadei  the  urn  yy  spreads  out  at 
the  time  of  fertilisation,  its  margin  grows  so  vigorously  in 
size  that  it  expands  in  the  form  of  "a  fiat  plate,  and  after 
the  expansion  its  inner  surface  becomes  the  outer  surface, 
in  the  middle  of  which  the  gynophore  x  rises  lite  a  cone, 
and  in  Fragaria  afterwards  swells  out,  becomes  Seshy,  and 
forms  the  strawberry  (a  pseudocarp  like  the  hip). 

It  will  be  seen  that  the  formation  of  the  fig,  the  hip,  and 
that  of  the  subsequently  flat  receptacle  of  Geum  depends 
on  a  displacement  which  is  caused  by  vigorous  growth  of 
masses  of  tissue  that  arise  in  the  form  of  zones  beneath  the 
growing  point.     There  is  in  these  cases  no  such  thing  as  youis  floret  of  c™n.«Me. 

adhesion  of  foliar  structures  (as  is  usually  stated  in  works 

on  descriptive  botany).  The  so-called  coherent  corolla  and  calyx  of  gamopetalous  or 
sympetalous  and  gamosepalous  or  synsepalous  flowers  are  also  not  the  result  of  cohe- 
sion ;  the  petals  or  sepals  are  on  the  contrary  formed  as  a  whorl  of  separate  pro- 
tuberances on  the  broad  end  of  the  young  flower-stalk.  That  a  gamopetalous  corolla  or 
gamosepalous  calyx  subsequently  has  the  appearance  of  a  bell  having  at  its  margin  only 
as  many  teeth  as  the  leaves  of  which  it  is  considered  to  consist,  does  not  depend  on 
lateral  cohesion  of  the  margins  of  the  leaves,  but  on  the  fact  that  the  whole  annular  zone 
of  the  young  receptacle  which  bears  the  corolla  or  calyx  grows  up ;  the  bell-shaped  part 
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therefore  never  consisted  of  distinct  leaves,  but  is  the  common  basal  piece  which  is 
developed  from  the  floral  axis  as  a  whole,  and  which  shows  at  its  margin  the  original  still 
separate  leaves  as  teeth  of  the  bell.  The  reverse  is  the  case  in  the  leaf-sheaths  of 
Equiietum,  where  an  annular  wall  originally  projects  round  the  axis,  from  which  the 
separate  leaf-teeth  afterwards  grow  out.  In  this  case  also  the  sheath  cannot  be  con- 
sidered as  formed  by  the  cohesion  of  previously  distinct  pieces,  but  the  separate  teeth 
of  the  sheath  must  rather  b  d      d       b         h        f         gl  I       udimentary  leaf. 

A  similar  explanation  appl       t     th     b     dl        ft  wl    h  generally  termed 

coherent  (monadelphous,  p  ly  d  Ipi    us    &    )     t  m  A  y  p  otuberances  are 

formed  originally  as  ther  bdl         ffil  tstbpod       d     and  these  pro- 

tuberances  must   be   con   d      d         th  j,      '   ^  "^      1   '  hc\i   subsequently 

produce  by  branching  a  larg  m  11  mb        f   t  Ik  d      th       (       .g.  in  Hypericum, 
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d   by  th     p  t    I     (phyllode),  which  is  then  expanded 

th      b     tion  of  the  leaves  from  the  axils  of 

f  G    s^es ;  and  in  this  class  whole  flowers 

g  m     the     unisexuality    of    the    flowers 

the  female,  of  the  carpels  in  the 
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their  growth  in  such  a  manner  that  all  the  vital  phenomena  of  the  mother-plant 
are  one  by  one  reproduced  in  it.  Since  the  same  individual  can  form  a  number 
of  reproductive  oigans,  either  simultaneously  or  successively,  so  there  is  also,  in 
the  reproductive  process,  at  least  the  possibility  of  a  multiplication  of  individuals, 
inasmuch  as,  under  favourable  vita!  conditions,  a  number  of  descendants  of  the 
same  mother-plant  actually  come  into  existence.  But  since  all  those  portions  of 
the  surface  of  the  globe  vi;hich  it  is  possible  for  plants  to  inhabit  are  already  covered 
with  vegetation,  it  is  in  general  only  possible  for  such  a  proportion  of  these 
descendants  to  arrive  at  full  maturity,  that  the  number  of  individuals  in  existence 
remains  the  same  from  year  to  year.  We  shall  see  in  the  third  book  what  an 
important  bearing  this  fact  has  on  the  struggle  for  existence  and  on  the  conse- 
quent production  of  new  vegetable  forms.  At  present  we  have  to  consider  only 
the  most  important  morphologicai  phenomena  connected  with  the  organs  of 
reproduction. 

The  parts  which  become  separated  for  the  purpose  of  reproduction  are  very 
various  in  their  nature.  Among  Cryptogams  they  consist  most  commonly  of  single 
cells, — spores,  gonidta  (or  comdia),  oospheres,  aniherosoids  :  less  often  they  are  bodies 
.  consisting  of  a  small  number  of  cells  united  into  a  tissue,  like  the  gemma  or  bulbils 
of  the  Marchantiese.  In  the  more  highly  organised  plants  it  frequently  occurs  that 
shoots,  i.e.  portions  of  the  axis  bearing  leaves,  become  detached  of  their  own  accord 
in  the  bud- condition,  then  put  out  roots,  and  continue  an  independent  growth ;  buds 
of  this  kind  occur,  for  example,  in  some  Mosses,  in  many  Ferns,  in  Lilium 
bulbi/erum,  several  species  of  Allium,  &c.  Very  often  almost  any  part  of  the  plant, 
such  as  detached  pieces  of  leaves,  stems,  roots,  &c.,  may  become  organs  of  reproduc- 
tion, that  is,  they  are  able,  under  favourable  conditions,  to  put  out  adventitious  buds, 
and  thus  develope  into  new  plants.  In  Phanerogams,  finally,  the  normal  reproductive 
bodies  are  the  seeds,  in  which,  even  before  separation  from  the  mother-plant,  a 
new  individual  has  already  advanced  to  a  lower  or  higher  stage  of  deveiopment, 
so  that  when  the  seed  germinates  nothing  more  is  necessary  than  an  increase  in 
size  of  the  parts  that  are  already  formed,— root,  stem,  and  leaves. 

In  some  cases  the  organs  of  reproduction  appear,  as  it  were,  accidentally; 
but  we  will  not  here  consider  these  cases,  but  rather  turn  our  attention  to  those 
in  which  the  formation  of  these  organs  is  a  necessary  part  of  the  life-history,  and 
is  essential  to  the  complete  development  of  the  plant.  These  normal  but  still 
very  various  reproductive  organs  may  be  divided  first  of  all  into  two  groups,  the 
sexual  and  the  asexual. 

Reproduction  is  said  to  be  asexual  when  the  part  of  the  plant  which  becomes 
detached  is  able,  without  the  assistance  of  any  other  organ,  to  produce  a  new 
individual.  Of  this  nature  are  the  spores  of  the  Hymenomycetous  Fungi  and  of 
Ferns,  the  gemmK  of  Hepatic^,  and  most  zoogonidia  of  Algse. 

Reproduction  is,  on  the  contrary,  sextia/  when  two  organs,  developed  expressly 
for  this  purpose,  co-operate  to  produce  a  body  out  of  which,  either  directly  or  after 
some  fufther  processes,  one  or  more  new  individuals  arise.  Notwithstanding  the 
great  variety  in  the  form  of  the  organs  of  sexual  reproduction  in- the  vegetable 
kingdom,  and  the  complicated  namre  of  the  processes  which  often,  especially  in 
the  higher  plants,  precede  the  act  of  sexual  union,   the  essential  feature  of  this 
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act  is  always  (hat  two  cells  of  the  simplest  possible  kind  combine,  either  completely 
coalescing  with  one  another,  or  at  least  their  contents  becoming  partially  inter- 
mingled so  as  to  afford  a  starting-point  for  a  fre^h  development.  It  is  the 
essential  characterisdc  of  sexual  reproductive  cells  that  each  is  incapable  of 
further  development  by  itself,  this  being  the  result  of  the  combined  action  of 
two  such  cells. 

It  is  only  in  the  lowest  forms  of  vegetable  life,  in  some  Algre  and  Fungi, 
that  the  two  cells  which  take  part  in  the  act  of  sexual  union  are  alike  or  at  least 
very  smiilar  in  size,  form,  and  physical  properties.  In  this  case  their  union  is 
called  conjugalion,  and  the  cell  capable  of  germination  which  results  from  the 
union  a  zygospore.  In  all  other  cases  the  two  uniting  cells  are  strikingly  different 
in  size,  form,  and  physical  properties.  In  these  cases  one  of  the  two  cells, 
the  male  cell,  conveys  to  the  other  only  a  very  small  quantity  of  material  by 
means  of  which  it  produces  an  effect  upon  it ;  this  other  cell,  the  female  cell, 
contains  by  far  the  largest  proportion  of  (he  material  which  takes  part  in  the 
development  incited  by  the  act  of  union.  With  the  exception  of  a  few  complicated 
cases  among  Algae  and  Fungi,  which  will  be  particularly  described,  the  relation- 
ship between  the  two  sexual  reproductive  cells  is  still  more  clearly  indicated . 
by  the  fact  that  the  male  cell  is  motile,  carrying  to  the  other  cell  the  fertilising 
material.  The  motion  of  the  male  cell  is  however  of  two  kinds ;  it  may  either  be 
spontaneous,  as  in  most  Cryptogams,  when  the  cell  is  termed  an  anlherozoid^ ; 
or,  as  in  Phanerogams,  the  male  cell,  then  called  a  pollen-grain,  becomes  detached 
from  the  parent-plant,  and  conveys  the  fertilising  material  to  the  female  cell  first 
of  all  by  the  aid  of  external  forces,  then  by  its  own  growth.  The  female  cell,  on 
the  other  hand,  which  is  fertilised  by  means  of  the  male  cell,  remains  at  rest  at 
the  place  where  it  was  formed,  or  at  most,  as  in  the  Fucaceffi,  is  carried  about 
passively ;  with  the  exception  of  die  cases  above  referred  to  it  is  always  a  naked 
primordial  cell,  and  is  termed  the  oosphere,  or  germinal  vesicle.  After  fertilisa- 
tion, it  secretes  a  cell-wall,  and  is  then  termed  an  oospore;  from  this,  either  at 
once,  or  after  a  period  of  rest  {resting  spore),  the  young  plant  is  subsequently 
developed.  Some  not  inconsiderable  deviations  from  this  plan  will  have  to  be 
pointed  out  in  the  class  Carpospore^  of  Thallophytes ;  but  even  in  these  cases 
the  essential  condition  of  fertilisadon  remains,  that  the  male  cell  only  incites  to  de- 
velopment, while  the  development  itself  proceeds  entirely  from  the  female  organ. 

Very  considerable  variety  is  shown  in  the  morphological  characters  of  the 
sexual  organs,  if  we  take  a  comparative  view  of  the  whole  vegetable  kingdom ; 
but  in  the  larger  groups  of  plants  we  find  the  morphology  of  these  organs  to  agree 
completely  in  all  essential  points,  even  when  the  anatomy  of  the  vegetative  organs, 
the  habit  and  mode  of  life  of  the  plants  that  compose  them,  vary  greatly.  When 
considering,  in  Book  II,  the  distinguishing  characteristics  of  the  different  classes 
of  plants,  our  attention  will  be  specially  directed  to  the  morphology  of  the  sexual 
organs,  and  it  will  be  sufficient  here,  as  an  introduction  to  what  follows,  to  define 
the  most  general  terms  connected  with  these  organs. 


'  [The  term  'antherozoid'  was  first  proposed  by  Derbcs 
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In  some  plants  we  find  only  one  kind  of  repraduction,  either  only  the 
asexual,  as  in  some  of  the  simplest  Algae  and  Fungi,  or  only  the  sexua!,  as  in 
the  ConjugatEB. 

But  in  most  plants  reproductive  organs  of  both  kinds,  sexual  and  asexual, 
are  produced  either  simultaneously  or  successively.  The  two  kinds  of  reproduction 
may  then  occur  in  the  same  individual,  as  in  Vauckeria  or  Eurotium,  or  may  be 
distributed  on  different  individuals.  In  both  cases  the  entire  process  of  development 
may  be  divided  into  two  sharply  separated  stages: — At  the  termination  of  one 
stage  sexual  organs  are  formed:  by  their  union  the  second  stage  of  develop- 
ment is  rendered  possible,  and  this  closes  with  the  production  of  asexual  spores. 
Such  a  course  of  development  is  termed,  from  the  analogy  of  certain  processes 
in  the  animal  kingdom,  an  Alternalion  of  Generations,  a  term  which  is  especially 
applicable  in  those  cases  in  which,  in  one  or  both  of  the  two  stages  of  develop- 
ment, multiplication  of  the  individual  also  takes  place  by  gonidia  or  gemmae, 
so  that  each  of  the  two  stages  is  complete  in  itself  as  a  sexual  or  assxual 
generation. 

Since  we  have  here  to  do  with  phenomena  which  are  foreign  to  ordinary  life, 
and  hence  somewhat  difficult  to  understand,  we  will  illustrate  the  nature  of  alternation 
■    of  generations  by  a  few  simple  examples. 

An  alternation  of  generations  is  very  evident  in  Ferns.  The  plant  which  we  call 
in  common  language  the  Fern  is  merely  the  second  stage  in  the  process  of  develop- 
ment of  the  plant,  or  the  asexual  generation  [sporophore].  It  consists  of  a  stem  which 
forms  true  leaves  and  roots;  on  the  leaves  are  produced  small  capsules  or  sporangia, 
in  which  the  spores  are  produced  without  any  sexual  process.  But  each  of  these 
spores  does  not,  on  germination,  again  produce  a  Fern,  but  a  minute  plant  of 
extremely  simple  structure  which  nourishes  itself  independently  as  a  leaf-like  thallus 
with  root-hairs.  This  little  plant,  termed  3.  prothallium,  may,  under  certain  circum- 
stances, reproduce  itself  by  gemmas ;  and  thus  from  a  single  spore  an  entire  genera- 
tion of  prothallia  will  arise,  which  also  behave  as  independent  plants,  although 
each  prothallium  is  only  the  first  stage  of  development,  the  sexual  generation 
[oophore],  of  a  Fern.  For,  finally,  the  prothallia  produce  sexual  organs  of  repro- 
duction; and  from  the  oosphere  of  the  female  organ  is  produced  an  embryo 
which  developes  into  a  Fern  with  true  roots  and  leaves.  In  this  stage  also 
the  Fern  is  capable  of  immediate  multiplication  by  the  production  of  bulbils 
from  which  Fern-plants  are  directly  developed,  but  the  normal  development  closes 
with  the  production  of  spores.  Precisely  the  same  processes  as  in  Ferns  take 
place  also  in  the  Equisetacefe  and  Ophioglossacese.  In  the  Selaginellea;  the  pro- 
thallium  is  formed  inside  the  spore,  and  this  class  therefore  establishes  a  transition 
to  Phanerogams,  where  the  prothaUium  is  altogether  rudimentary,  and  is  found  in  a 
spore-like  structure,  the  embryo-sac,  within  the  ovule;  so  that  the  alternation  of 
generations,  so  evident  in  Ferns,  can  be  recognised  here  only  by  the  most  careful 
comparison  with  the  most  highly  developed  Cryptogams.  This  will  be-«xplained 
more  in  detail  in  Book  II. 

In  the  Muscineae  the  alternation  of  generations  is  no  less  clear  than  in  Ferns, 
although  it  assumes  an  entirely  different  form.  A  Moss,  in  the  state  in  which  we 
ordinarily  see  it,  consists  of  a  stem  provided  with  numerous  leaves  and  root-hairs: 


vGooqIc 


226  MORPHOLOGV  OF   MEMBERS. 

but  this  leafv  pUnt  does  ntt  as  in  the  cise  of  tl  e  F  rn  pro  luce  spores  but  can  be 
reproduced  by  bullils  of  different  Kmjs  At  length  however  Ike  the  prothallium 
of  Ferns  it  products  sexial  organs  and  an  embrjo  s  the  resuh  of  the  fertihsation 
of  the  oosphere  this  is  not  connected  organiciily  with  the  Moss  plant  but  remiins 
ittached  to  it  denvmt,  its  nour  sbment  from  it  and  finalh  dcvelopes  into  a  capsule 
supported  on  a  long  stalk  the  &lorogoiiwm  in  the  mtenor  of  which  are  produced 
numlers  of  spores  \  number  of  these  stalked  capsules  ;  e  entire  generatons 
ma}  arise  on  the  same  Moss  |.lant  either  simultaneously  or  successivel)  The 
course  of  development  of  a  IMos&  is  therefore  divided  into  two  -ihirplj  separated 
stages  If  the  formation  of  a  leaf)  stem  which  produces  sexual  organs  (oophore) 
and  the  production  of  stalked  capsules  out  of  the  fertilised  oosphcres  of  the  female 
organs  In  Muscinere  the  second  or  asexual  (generation  (sporophore)  the  sporo 
gonram  has  no  power  of  directly  producing  its  like  from  itself  as  is  posslle  in 
the  case  of  Ferns  b}  bulbils,  it  onli  function  is  fo  produce  spores'  and  «hen 
the  spore  germ  nates  it  gives  n  e  first  of  all  to  a  Pfol  neina  \(hich  sometimes  con 
tmues  to  grow  for  a  long  while  and  can  reproduce  itself  by  gemmse  until  at  lengh 
Mo  s  stem's  with  true  leaves  again  appear  on  it  which  also  are  capable  of  multi 
phcition  by  means  of  bulb  Is 

Even  in  Thallophjtes  we  meet  with  \arious  forms  of  an  alternation  of  gene 
rations'  It  is  well  shown  m  certain  Fungi  of  the  class  Ascomjctes  which  have 
tieen  closeij  investigated  as,  for  example  in  the  common  mould  Penicilhum 
gliucum  the  ordmarj  form  of  which  is  onlj  the  first  generation  or  stage  of 
development  in  its  life  Dunng  this  stage  the  first  or  sexual  generation  the 
so  called  'Mycehum  devtlopes  on  siecnl  branches  a  number  of  cells  (comdia), 
by  which  the  Fungus  is  continu^Ilj  propaj,ited  m  this  form  But  when  the 
excessue  development  of  these  conidia  is  prevented  by  e\clusion  of  the  air, 
sexual  organs  -irise  a  Brcfeld  1  is  hown  on  the  luxuriant  micclium  and  m 
consequence  of  their  union  a  tuberous  bod)  is  formed  of  a  totally  different 
nature  within  which  spores  are  finall)  produced  in  extremely  numerous  sacs 
(oiii)  of  peculiar  form  and  these  when  they  germmate  again  produce  the 
mycelium  with  its  pemcillate  conidiophores  The  mycelium  of  this  Fungus 
(and  stnctly  speaking  of  all  Fungi)  corresponds  therefore  to  the  fir  t  suge  of 
development  the  prothallium  of  Ferns  or  to  the  leaf)  Mess  plant  and  ail  three  may 
be  consdered  as  the  Sexual  Geturition  [oophore]  since  their  normal  development 
ends  with  the  formation  of  sexual  organs  In  all  three  cases  this  sexual  gene 
ration  (prothtlhum  Moss  plant  m)celium)  maj  propagate  it  elf  by  gemm'«  or  by 
con  d  \  before  it  produces  the  sexual  orgins  The  small  tubers  winch  arc  the  result 
of  fertilisation  in  Ptm  tUium  correspond  to  the  second  stage  of  deielopment  iiz 
the  sporogonium  of  Mosses  and  the  mature  Fern  plant^  in  all  three  cases  the 
product  of  this  secon  1  generation  [spirophore]  is  a  large  number  of  spores    by 

'  [The  researches  of  Piingshelm  and  Stahl  however  have  shown  that  this  limitation  can  no 

longer  be  maintained      See  Book  II.  Group  2.] 

'  [This  explanation  ib  now  no  longer  generally  accepted  ;  see  Joura.  of  Botany,  1879.] 

'  If, these    small    luliera    in    Penicilimm    ate    termed    the    fnictifi cation,    then    in    the    same 

sense  the  sporogonium    of  Mosses  is  a  fructification ;    and  the   Fem   is   also   the  fructification  of 

the  prothallium 
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which  the  ivhole  process  of  development  is  again  repeated.  And  as  in  Ferns,  in 
addition  to  the  spores,  bulbils  are  also  sometimes  developed  on  the  mature  plant, 
so  peniciiliate  conidiophores  are  also  occasionally  produced  on  the  tuber  of 
Penicillium.  For  the  purpose  of  including  this  second  stage  of  development  in 
the  various  classes  of  plants  under  a  common  name,  it  may  be  termed  the  Spore- 
forming  or  Asexual  Generation  [sporophore],  excluding  from  the  idea  of  true 
spores  the  conidia  of  Penicillium,  as  well  as  the  gontdia  of  Thallophytes, 

If  now,  in  the  three  examples  cited  of  alternation  of  generations,  we  compare 
the  organisation  of  the  first  or  sexual  with  that  of  the  second  or  spore-forming 
generation,  it  is  seen  that  the  latter,  the  result  of  an  act  of  sexual  union,  is  more 
highly  and  perfectly  developed  than  the  former,  and  therefore  in  this  respect 
also  represents  the  true  close  of  the  process  of  development  Thus  in  Penicillium 
we  find  the  first  generation  developed  in  the  form  of  a  so-called  mycelium, 
consisting  of  slender  segmented  branched  filaments,  while  the  second  generation 
consists  of  a  compact  tissue  of  complicated  structure.  In  Mosses  again  the 
first  generation  commences  with  a  protonema,  consisting,  like  a  mycelium,  of 
branched  segmented  filaments  of  cells;  but  here  this  generation  advances  to  a 
higher  development,  since  the  protonema  produces  the  leaf-bearing  Moss-plant, 
the  histological  structure  of  which  is  still  however  very  simple  in  comparison  with 
the  much  more  complete  differentiation  of  the  sporogonium.  Still  more  strikingly 
are  these  characteristics  seen  in  Ferns,  where  the  first  generation  or  prothallium 
consists  of  a  plate  of  tissue  which  shows  scarcely  any  external  differentiation, 
while  the  second  generation  or  true  Fern  is  a  very  highly  organised  plant,  dif- 
ferentiated externally  into  root,  stem,  and  leaves,  the  tissue  itself  being  also 
differentiated  into  three  well-marked  systems,  the  epidermal  system,  the  fibro- 
vascular  bundles,  and  the  fundamental  tissue. 

Starting  then  from  Aigte  and  Fungi,  and  proceeding  through  the  classes  of 
JWuscinese,  Filices,  and  Equisetacese  to  the  Lycopodiaces,  and  finally  to  the  Phane- 
rogams, it  is  seen  that  in  the  alternation  of  generations,  the  first  generation 
(oophore)  continuaOy  recedes  in  importance  and  independence,  while  the  develop- 
ment of  the  second  generation  (sporophore)  continually  advances ;  so  that  at  length 
in  Phanerogams  the  former  is  no  longer  a  plant  with  independent  power  of  growth, 
but  takes  the  form  of  a  special  mass  of  tissue,  the  so-called  Endosperm  in  the  repro- 
ductive apparatus  of  The  latter,  filfing  up  along  with  the  embryo  the  cavity  of  the 
seed-coats.  In  contrast  to  this,  at  the  starting-point  of  the  series  (Algse  and  Fungi), 
the  first  or  sexual  generation  is  alone  developed  as  a  plant  with  independent  growth ; 
the  second  (asexual)  generation  appearing  on  it  as  its  fructification  or  spore-fruit, 
represented,  in  its  simplest  form,  by  a  single  spore  resulting  from  fertilisation,  as 
will  be  illustrated  in  the  introduction  to  the  Thallophytes. 

Designating  the  course  of  development  which  we  have  sketched  out  as 
alternation  of  generations,  each  of  the  two  stages  may  be  termed  an  Alternadng 
Generation.  Each  may,  as  we  have  seen,  be  propagated  directly  by  gemmse,  or 
by  conidia,  those  developed  by  the  first  generation  again  producing  individuals 
of  the  same  kind ;  and  in  the  same  manner  bodies  of  the  same  nature  produced 
by  the  second  generation  will  reproduce  it.  But  this  mode  of  reproduction  may  be 
wanting  in  either  of  the  two  alternating  generations. 
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If  we  now  regard  the  two  alternating  generations  as  two  stages  of  (level optnent 
of  the  same  plant,  each  of  which  is  necessary  to  supplement  the  other,  it  is  seen 
that,  in  the  first  place,  the  entire  course  of  development  of  a  plant  commences 
twice  with  a  simple  cell :— the  first  time  the  development  begins  -vvith  the  spore 
to  form  the  first  (sexual)  generation,  the  second  time  with  the  oosphere  in  the 
female  organ  to  produce  the  second  (spore -forming  or  asexual)  generation.  Secondly, 
we  find  that,  in  addition  to  these  two  beginnings  from  spore  and  oosphere,  which 
are  united  to  one  another  by  the  complete  course  of  development,  a  subsidiary 
mode  of  development  may  also  occur,  each  of  the  two  generations  having  the 
power  of  propagating  itself  directly.  For  the  purpose  of  distinguishing  them 
from  the  true  spores  with  which  the  development  of  the  second  generation  doses, 
we  term  all  those  reproductive  organs  which  immediately  propagate  the  same 
generation  either  Gtmni<B  or  Gontdia.  A  Spore,  in  our  sense  of  the  term,  arises 
only  from  the  second  generation,  and  gives  rise,  on  germination,  to  the  first 
generation;  a  bulbil  or  gonidium,  on  the  contrary,  may  arise  from  either  of 
the  alternating  generations  and  reproduce  it.  The  same  facts  may  be  ex- 
pressed in  the  following  manner:— Sexual  cells  (oospheres)  and  true]  spores 
indicate  the  turning-points  in  the  alternation  of  generations;  they  are  not  organs 
for  direct  reproduction,  for  each  of  them  always  produces  something  different  from 
that  from  which  it  immediately  sprung;  the  spore  of  the  Fern,  for  example,  gives 
rise  to  a  prothallium,  the  oosphere  of  the  prothaJlium  to  a  Fern ;  the  spore  of 
the  tuber  of  PenicilUum  does  not  again  give  rise  to  a  tuber,  but  to  a  fila- 
mentous mycelium,  on  which  the  tuber  again  arises  as  the  result  of  fertilisation 
of  the  female  cell.  Bulbils  and  gonidia  are,  on  the  contrary,  organs  for  direct 
reproduction,  by  means  of  which  the  same  stage  in  the  process  of  development 
is  again  repeated ;  the  bulbil,  for  example,  which  arises  on  the  leaf  of  a  Fern, 
does  not  produce  a  prothallium,  but  a  Fern;  in  the  same  manner  the  conidia 
formed  on  the  branches  of  the  mycelium  of  PenicilUum  do  not,  on  development, 
give  rise  to  the  tuber,  but  to  a  mycelium  like  that  on  which  they  were  borne. 

The  alternation  of  generations,  as  we  have  now  described  it  in  a  few  examples 
where  it  is  peculiarly  well  exhibited,  does  not  occur  in  those  classes  of  Thallophytes 
which  have  the  simplest  structure ;    its  first  indications  are  met  with  where  an  act  of 
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BOOK    II. 

SPECIAL     MORPHOLOGY 

AND 

OUTLINES   OF    CLASSIFICATION. 


GROUP    1. 
THALLOPHYTES. 


In  this  group  are  comprised  Alg^,  Fungi,  and  Lichens,  the  term  being  applied 
to  them  because  their  vegetative  body  is  usually  a  Thallm,  i.e.  exhibits  no  differ- 
entiation into  stem,  leaf,  and  root,  or,  if  at  all,  only  in  a  very  rudimentary 
degree.  There  occur  however  in  various  groups  of  Thallophytes  transitions  from 
the  simplest  forms,  which  display  no  external  differentiation,  to  others  which  show 
some  indication  of  it ;  in  the  most  highly  developed  representatives  of  some 
groups  the  external  differentiation  is  carried  so  far  that  the  terms  leaf  and  stem 
are  as  applicable  to  them  as  to  the  higher  plants.  A  true  root,  in  the  sense  in 
which  the  term  is  applied  to  vascular  plants,  is  however  never  found,  though  root- 
like organs  are  commonly  present  which  are  termed  Rhhoids;  these  are  however 
always  distinguishable  by  the  absence  of  a  root-cap  and  by  the  branching  not  being 
endogenous. 

Like  the  external,  the  internal  differentiation  of  Thallophytes  also  begins  at 
the  lowest  stages,  ascending  by  numberless  transirional  steps  to  a  more  perfect 
development  of  cells  and  tissues  ;  but  even  in  the  most  perfecdy  developed  forms  we 
do  not  meet  with  any  sharp  differentiation  into  those  different  systems  which  we 
know  among  the  higher  plants  as  epidermal  tissue,  fundamental  tissue,  and  fibro- 
vascular  bundles.  Even  where  the  thallus  consists  of  large  masses  of  tissue,  as  in 
Fungi,  it  is  still  strikingly  homogeneous. 

Thallophytes  nevertheless  present  a  great  variety  of  examples  of  the  mode  in 
which  morphological  differentiation  proceeds  from  the  simplest  organic  forms  to 
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Others  \ihich  are  both  e\ferm,lh  ^nd  internaUv  morr  and  mort  c  ihjIlx  In  tht 
Simplest  staffe  the  whole  vegetat\e  body  consisl  of  a  sinfjlt  'imall  cell  of  i 
roundish  form  the  cell  wall  of  which  is  thm  ind  smooth  and  «ithm  \sh  ch  proto 
plasm  chloroph)ll  and  cell  sap  ire  onh  imperfectly  separated  Aivancing  from 
this  progressive  development  is  first  dibplajed  m  fht  perfection  of  the  single  cell 
nhich  increases  m  size  and  often  attains  dimensions  unkno\'n  el  ewhere  in  the 
vegetable  kingdom  the  diflerentut  on  being  either  chieflv  m  the  contents  or  n  the 
external  form  i  t  in  branching  Tht  growth  of  the  cells  maj  on  the  other  hand 
be  accompanied  by  cell  division  the  thvllns  becoming  multicellular  so  that  from  a 
single  cell  there  anseb  e  thcr  a  row  of  cells  or  a  segmented  filament  a  simple  j  late 
of  cells  or  finillj  1  missive  tissue  urowing'  on  all  sides  Each  of  these  processes 
further  presents  a  greit  variety  of  modifications 

In  the  simj  ler  Thallophytes  a  tendencj  prevails  for  a  larger  or  smaller  portion 
of  their  existence  to  be  passed  n  the  condtion  of  motile  pnmordial  cells  which 
bear  more  or  less  resembhnce  to  the  simplest  Infusoria  and  were  in  fact  until 
TLcently  confounded  with  them  In  some  cases  cells  which  are  already  clothed 
with  a  cell  will  or  assemblages  of  such,  cells  remain  for  a  cons  derible  time  in  a 
mo  lie  condition  swimming  frceK  in  the  water  But  these  motile  cond  tions  are 
alwiys  mterrupttd  by  long  periods  of  rest  during  which  growth  and  increase  in 
size  usually  take  place  In  mani  of  the  more  highly  developed  Thallophjles 
this  power  of  motil  t>  is  however  lim  ted  to  tie  male  s>  arming  fertilising 
tltments    the  anthcrozoids     ind  in  minj   cases  is  n^t  disjhied  even  hi.re 

Like  the  structure  of  the  vegetatne  bodj  the  mode  rf  reproduction  of 
Thallophj^LS  also  exhibits  great  vanet)  commencing  with  the  simplest  kinds 
and  progressing  finally  to  modes  of  reproduction  almost  as  complicated  as  those 
which  are  met  with  in  the  highest  plants  In  the  simplest  cases  leprDduction 
appears  to  be  coincident  w  th  ordinary  cell  multiplication  the  cell  which  con 
stitutes  the  \egetative  bodi  grows  and  di\  des  each  derivative  cell  then  carrymg 
on  an  indepLudent  life  and  repeating  the  process  In  the  more  highly  developed 
forms  the  unicellular  or  multicellular  thallus  continues  to  grow  for  1  lon£,er  time  and 
becomes  differentiated  etternallj  and  mternallv  untl  at  length  at  some  one  spot 
reproductive  cells  are  produced  In  most  Thallophjtes  both  kinds  of  reproluction 
sexual  and  non  sexual  occur  and  in  the  higher  forms  an  evident  iltemation  of 
generations  is  mamftsted  The  reproductive  or^.-m  which  becomes  separated  from 
tht  mother  plant  is  almost  always  a  single  cell  which  however  v«ies  greatlv  in  its 
origin  significance  and  capacit>  fir  dtvelopmcnt  The  nomenclatiu-e  which  gives  to 
all  these-  reproductive  cells  th  name  Spores  is  a  verv  unFortui  ate  one  obscuring 
an  insight  into  the  course  cf  development  of  the  different  form  and  ren  lermg  dif 
ficult  the  comparison  of  members  of  one  group  of  Thallophy  tes  w  ith  those  of  another 
The  erroneous  theory  of  so  called  Plecmcrpby  among  Fungi  was  the  result  of 
a  defective  perception  of  the  true  nature  of  the  different  kinds  of  reproductive  organs 
on  which  the  common  name  of  bpore  had  been  bestowed  lAbat  wc  have  now 
to  say  on  this  point  far  the  purpose  of  counteracting  the  prevalent  confusion 
of  terms  is  f  unded  on  the  view  txpla  ne  1  in  "sect  29  of  Book  I  on  alternation 
of  generations  and  on  the  relationship  to  it  of  the  different  reprrductive  organs 
I  begin  by  designating  as  Spoics  the  repnJuilive  cells  which  are  producel  m  the 
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sporingia  of  Ftrnb  and  cipsules  of  Mossc;  These  ire  ob\iousl)  ihc  result  of  a 
legetatne  process,  excited  b}  the  act  of  sexual  union  in  consequence  of  which 
they  arise  on  the  second  (non  sexual)  generation  [sporophore]  which  springs  from 
the  fertilised  oobphere  of  the  fir'it  (sexual)  generation  [onphore]  Let  us  now 
transfer  these  conceptions  to  the  most  highly  developed  Thallophytes  which  e\ 
hibit  an  evident  alternation  of  generations  a'-  the  Ascomycctes  We  hue  ahead} 
seen,  in  (he  Section  referred  to  that  the  ascospores  of  PtmciUium  are  the  result 
of  a  vegetative  process  brought  into  action  bj  the  sexual  organs  of  the  ra)cclmm 
and  which  has  for  its  result  the  formition  of  the  tuberous  fructification  which 
constitutes  the  second  genention  The  ascospores  of  Pemalhum  therefore  cor 
respond  to  the  spores  of  a  Moss  or  i  Fern  If  nov\  we  suppose  the  result  of 
the  union  of  the  sexual  organs  to  be  a  \er\  inconsiderable  vegetative  structure 
and  the  second  generation  consequently  to  be  merelj  rudimentary  and  a  'iimple 
appendage  to  the  first  the  spores  themsehes  would  then  seem  to  be  an  almost 
immediate  result  of  fertilisation  as  occurs  for  instance  m  the  Nemaliese  (Fig  164 
C  p  237)  If  we  were  further  to  imagine  that  the  act  of  fert  lisation  did  not 
result  in  the  production  of  anj  vegetative  structure,  or  the  second  generation  to 
be  altogether  suppressed,  the  fertilised  oo'-phere  would  then  ifielf  become  a  spore 
as  m  the  Coleochjetc*  (Edogonie-e  "ind  iamherui  In  this  case  the  'ipore  is 
an  equivalent  for  the  whole  of  the  second  generaUon  it  stands  for  the  entire 
fructification  of  the  Ascomycetes,  the  entire  spore-capsule  of  a  Moss,  &c.  Precisely 
the  same  is  true  for  the  zygospore  which  results  from  conjugation.  The  zygospore 
(as  for  example  in  the  Mucorini),  or  the  oospore  (as  in  Vaucheria).  represents  there- 
fore in  a  naorphological  sense  the  entire  second  generation  of  these  plants.  This 
conclusion,  which  might  easily  be  proved  more  in  detail,  may  be  briefly  summed  up 
in  the  statement  that  the  Spore  is  either  an  immediate  product  of  fertilisation 
(zygospore,  oospore),  or  of  a  process  of  growth  which  is  induced  by  fertilisation ;  and 
this  vegetative  growth  may  either  be  inconsiderable,  as  in  the  Nemaliefe  and  Erysiphefe, 
or  it  may  be  considerable,  and  it  then  gives  rise  to  the  second  generation  in  which 
the  spores  are  produced,  as  in  PenicilUum.  and  otBer  Ascomycetes.  This  explanation 
shows  at  once  how  in  Thallophytes  the  second  generation  is  a  gradually  increasing 
structure  developed  in  consequence  of  the  act  of  fertilisation.  But  for  the  purpose 
of  a  scientific  nomenclature  the  term  Spore  (if  used  in  the  same  sense  as  in 
Muscinefe  and  Vascular  Cryptogams)  must  be  applied  in  Thallophytes  only  to 
those  reproductive  cells  which  are  the  result  of  an  act  of  impregnation,  whether 
direct,  or  indwect  through  the  production  of  a  vegetative  bo'dy  which  constitutes 
a  second  generation  and  closes  the  entire  course  of  development  of  the  plant.  All 
other  unicellular  and  non-sexual  organs  of  reproduction  we  shall  not  term  spores, 
but  gonidia  or  conidia. 

We  may  now  proceed  to  a  further  description  of  the  various  kinds  of  sexual 
organs  found  among  Thallophytes,  and  of  the  true  spores  which  result  from  their 
union  with  or  without  an  alternation  of  generations.  The  following  three  principal 
forms  or  types  may  be  distinguished  ^. 

maife   will    be   found   in    the   sequel   hi  Ihc 
re  derived  from  the  wiitings  of  Pringsheim, 
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1.  Cmjugalnn  and  Piuduclnn  if  Z^gosfon  Twc  ti-lh  ■  f  HlInll^^  if  noi 
always  ot  preciselj  the  same  nature  toaltsce,  ind  pioduce  a  reproductne  cell 
termed  a  Zjgosfote,  which  genniiiates  after  a  shorter  oi  longer  period  of  rest  and 
then  gives  rise  either  to  spores  or  at  once  to  a  plant  of  the  same  kind  as  that  in 
which  the  conjugation  took  place  An  alteinafion  of  generations  is  exhibited  onlj 
in^o  far  as  the  zjgospore  constitutes  the  entire  second  (non  &txual)  generation 

The  process  of  the  formation  of  Ejgospore'!  has  a  \ery  diflerent  appearance 
according  to  the  nature  of  the  conjugating  cells  The  simplest  ca&e  is  presented 
m  the  conjugation  of  zoogonidia 
discovered  by  Pringsheim  (Fig. 
162,  A).  These  bodies  during 
the  process  of  sviarming  come 
into  contact  m  pairs  b)  their 
hjalme  anterior  ends,  and  thtn 
graduallj  coalesce  into  a  primor 
dial  cell,  which  subsequently  bi. 
comes  invested  with  a  cell  wall, 
and  then  grows,  producing  again 
motile  cells,  and  each  of  these 
gives  rise  to  a  plant  of  ibe  on 
ginal  kind  'Yhe&t Zoospotis  which 
result  from  the  zygospore  miy 
j'e^'.^"*eatt'il^  ^n'*'  ^''^  »""'''^'=  indicate  m  ^^g  coHSideied  as  truc  sporcs  in 
the  same  sense  as  those  of  the 
for  the  zygospore  is  homologous  with  the  spore-capsule  of  Mosses, 
and  represents  a  rudimentary  alternate  generation.  The  conjugation  of  Spi'rogyra, 
as  illustrated  in  Fig.  6,  p.  lo,  is  somewhat  more  complicated.  The  conjugating 
cells  are  here  surrounded  by  a  firm  cell-wall ;  they  put  out  protuberances  opposite 
to  one  another,  which  unite  to  form  a  canat,  through  which  the  contents  of 
one  cell  pass  over  into  the  other,  and  coalesce  with  its  contents ;  the  resulting 
protoplasmic  body  invests  itself  with  a  cell-wall,  and  becomes  a  zygospore,  which 
again  produces  a  Spirogyra  filament  by  direct  germination.  The  formation  of 
zygospores  in  the  Zygomycetes  is  represented  in  Fig.  162,  B.  Here  the  two  cells 
which  coalesce  after  having  grown  towards  each  other  are  perfectly  alike  and  immotile ; 
and  it  is  only  a  portion  of  the  coalesced  contents  which  becomes  separated  by  a 
partition-wall,  and  produces  the  thick-walled  zygospore  which  germinates  after  a 
period  of  rest. 

2.  The  Formation  of  Oospores  in  Oogonia.  The  two  reproductive  cells  are 
here  essentially  diff'erent;  the  female  cell  or  Oospkere  is  always  a  naked  iminotile 
primordial  cell  developed  within  an  older  cell  which  is  termed  the  Oogonium. 
The  male  cells,  the  Antherozoids,  the  mother-cells  of  which  are  called  AtUheridia, 
are  very  small,  and  are  endowed  with  motion  by  means  of  vibratile  cilia ;  they 
swarm  round  the  oosphere,  and  cause  its  impregnation  by  the  coalescence  of  their 


De  Bary,   Thuret,  Nageli,  Jaiiczcwslii,   Brefcld,  and  olhtis;    though    a    diffctcm    signifieatLoii 
Jhat  of  ihe  authors  is  sometimes  applied  to  Ihcm. 
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subslance  A'itli  it.  The  size  of  the  antherozoids  is  so  inconsiderable  ihat  they 
scarcely  add  appreciably  to  the  mass  of  the  oosphere,  but  yet  produce  a  change  in 
it,  one  consequence  of  which  is  thai  it  becomes  invested  with  a  firm  cell-wall,  and 
then  constitutes  the  Oospore. 

The  oospore  may  germinate  immediately  and  give  rise  to  a  plant  resembling  the 
mother-plant,  as  in  Fucus,  or  only  after  a  certain  period  of  rest  like  the  zygospores, 
and  this  is  the  usual  case.  But  here  again  the  oospore  may  on  germination  give 
rise  directly  to  a  plant  resembling  the  mother-plant,  as  in  Vauckeria  and  some 
Saprolegniese ;  or  it  may,  after  remaining  dormant,  produce  out  of  its  contents  a 
larger  or  smaller  number  of  zoospores,  each  of  which  finally  gives  rise  to  a  plant 
like  the  mother-plant,  as  in  Sphmropha,  (Edogontum,  and  Cyslopus.  In.  this  process 
a  rudimentary  alternation  of  generations  can  again  be  detected:— an  oospore  which 
breaks  up  into  zoospores  may  be  compared  to  the   sporogonium  of  a  Moss  in 


which  all  the  parts  except  the  spores  are  suppressed.  If  we  were  to  imagine  the 
fertilised  oosphere  in  the  archegoninm  of  a  Moss  as  itself  producing  the  mother- 
cells  of  the  spores',  we  should  have  something  similar  to  one  of  these  oospores. 
In  this  case  therefore  the  oospore  is  properly  a  many-spored  fructification  in 
the  same  sense  as  the  Moss-capsule ;  the  zoospores  produced  from  it  are  true 
spores  in  the  sense  of  those  of  Muscinetfe  and  Ferns,  and  we  have  consequently 
the  first  indication  of  the  alternation  of  generations  which  attains  its  highest 
development  in  those  classes.  The  new  plants  which  result  from  the  direct 
germination  of  the  oospores,  or  through  the  medium  of  zoospores,  have  the  power, 
in  most  cases,  of  propagating  non-sexually  by  the  formation  of  gonidia,  until  at 
length  individuals  arise  which  produce  antheridia  and  oogonia.  This  non-sexual 
reproduction  may  be  compared  to  that  of  the  Marchantieee  by  geuimse  produced 
on.  their  vegetative  body,  until  finally  antheridia  and  archegonia  are  developed. 

'  That  such  an  analogy  is  not  altogether  fanciful  is  shown  by  RTcda,  a  genus  of  Hepalicie, 
the  extremely  simple  sporocarp  of  which  may  well  be  compared  to  the  oospore  of  an  (Edogomum. 
Pringsheim  and  De  Bary  have  already  pointed  out  this  analogy  (see  De  Bary,  Die  Familie  der 
Conjugaten,  Leipiig  1858,  p.  60). 
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But  on  the  other  hand  the  formation  of  oospores  exhibits  a  certain  resemblance 
to  the  process  of  conjugation.  It  is  distinguished  from  that  of  the  Pandorincie  in 
this  point  of  importance  only,  that  the  two  coalescing  sexual  cells  are  not  alike, 
so  that  the  fertilisation  of  Vattcheria  and  (Edogonium  may  be  considered  as  a 
higher  form  of  conjugation  from  a  morphological  point  of  view.  But  the  mode 
of  formation  of  many  oospores  displays  also  a  greater  or  less  resemblance  to  the 
mode  of  fertilisation  which  we  shall  describe  as  a  third  type ;  and  in  this  respect 
the  Saprolegnie^  in  particular  present  a  similarity  to  certain  Ascomycetes. 

3.  Formation  of  Carpospores  in  Carpogonia.  This  type  resembles  the  second 
in  the  fact  that  the  two  sexual  organs  contribute  in  very  different  degrees  to  the 
production  of  the  fertilised  body,  the  male  organ  only  inciting  to  change,  while 
the  whole  of  the  further  development  of  the  plant  proceeds  from  the  female  organ, 
the  result  being  the  production  of  the  Sporocarp. 

The  female  organ,  which  may  consist  either  of  one  cell  or  of  more,  may  be 
by  the  general  term  Carpogomum.  The  male  organs  vary  greatly 
according  to  the  group  to  which  the  plant  belongs;  they  may  be  swarming  or 
passively  motile  antherozoids,  or  tubular  PoUimdia ;  and  fertilisation  may  be 
effected  by  the  entrance  of  the  antherozoids,  as  in  the  case  of  oospores,  or  by  a 
kind  of  conjugation,  the  sexual  cells  coalescing  by  means  of  openings  in  the  cell- 
walls  of  both,  or  finally  by  simple  apposition  and  probably  diffusion  of  a  fertilising 
substance.  The  product  of  fertilisation  is  sometimes  a  single  cell  germinating 
directly  or  through  the  medium  of  zoospores ;  but  more  generally  a  multicellular 
body  results,  from  which  spores  are  finally  produced.  An  alternation  of  generations 
may  here  also  be  recognised,  rudimentary  or  more  fully  developed  according  as  the 
structure  of  the  fructification  is  simpler  or  more  complicated.  In  the  simplest 
cases  the  sporocarp  appears  only  as  an  appendage  of  inconsiderable  size  to  the 
plant ;  in  the  other  extreme  the  fructification  is  able  to  continue  an  independent 
growth  for  a  considerable  time,  and  thus  constitutes  a  second  alternating  genera- 
tion. These  phenomena  will  be  described  more  in  detail  in  the  special  description 
of  the  Carposporete.  One  essential  difference  between  sporocarps  and  oospores 
consists  in  this,  that  in  the  production  of  the  former  certain  cells  also  take  part 
which  were  not  immediately  concerned  in  the  act  of  impregnation;  and  that,  with 
the  exception  of  the  simplest  cases,  the  portion  of  the  fructification  which  produces 
the  spores  is  surrounded  by  a  sterile  envelope  which  serves  merely  for  protection 
or  also  for  further  "nourishmenL  Fig.  164  illustrates  some  of  the  most  different 
forms  of  sporocarps. 

In  Coleockmk  {A)  the  female  organ  or  carpogonium  (hitherto  described  as  the 
oogonium)  consists  of  a  single  cell  w  which  runs  out  upwards  into  a  long  narrow 
canal  opening  at  the  apex.  Fertilisation  is  effected  by  small  roundish  swarming 
antherozoids  m,  and  as  a  consequence  the  portion  of  the  protoplasm  (oosphere) 
which  occupies  the  basal  part  of  the  cell  becomes  invested  with  a  firm  cell-wall.  So 
far  the  phenomena  are  the  same  as  in  the  formation  of  the  oospores  of  Vaticheria 
or  (Edogonium,  the  only  important  difference  consisting  in  the  long  canal  formed  by 
the  cell-wall.  A  more  essential  deviation  is  now  manifested  in  that  the  body  which 
previously  had  the  appearance  of  an  oospore  grows  considerably  after  fertilisation, 
and  in  the  fact  that  the  effect  of  fertilisation  shows  itself  also  in  the  growth  of  the 
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cells  which  adjoin  the  female  organ,  so  that  this  latter  becomes  surrounded  by 
an  envelope  A.  A  sporocarp  is  thus  formed,  the  fertilised  oosphere  of  which 
produces  out  of  its  contents  after  a  certain  period  of  rest  a  mass  of  tissue,  all 
the  cells  of  which  produce  zoospores,  and  each  of  these  gives  rise  to  a  plant  of 


the  same  kitid.  The  sporocarp  of  the  ColeochEeteK  combines  the  most  essential 
characters  of  an  oospore  with  those  of  the  sporocarp  of  the  Floride»  and  of  some 
Fungi.  As  respects  an  alternation  of  generations,  the  oosphere  surrounded  by  its 
envelope,  together  with  the  tissue  which  subsequently  fills  it  up  and  which  produces 
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the  zoospores,  must  be  regarded  as  the  second  generation,  while  the  zoospores 
may  be  compared  homologically  with  tlie  spores  of  Mosses. 

In  Nemalion  (C)  the  carpogonium  w  consists  also  of  a  single  cell  which  is  wide 
below  and  narrow  and  elongated  above.  This  elongation,  termed  the  Trickogyne, 
is  a  closed  tube;  the  male  fertilising  cells  attach  themselves  to  it,  empty  their 
contents  into  it,  and  thus  incite  a  further  development  of  the  basal  part  of  the 
female  cell,  which  now  increases  in  size,  and  divides  into  a  number  of  cells  which 
grow  out  into  densely  crowded  branches.  A  spore  is  formed  at  (he  end  of  each 
of  these  branches;  and  the  whole  assemblage  of  spores  together  with  its  short 
pedicel  constitute  the  sporocarp,  which  in  this  case  has  no  envelope. 

In  the  true  Floridefe,  of  which  Nemalion  may  be  considered  the  simplest  form, 
the  carpogonium  w  consists,  even  before  impregnation,  of  a  number  of  cells  (iJ) ; 
a  lateral  row  of  cells  bears  at  its  apex  a  closed  hair-!ike  prolongation,  the  tri- 
chogyne,  and  is  hence  termed  the  Trkhophore.  The  trichogyne  receives  the  fer- 
tilising substance  from  the  male  cells  which  become  attacl  ed  to  t  but  ne  her  the 
trichogyne  itself  nor  the  trichophore  is  thereby  exc  te  1  o  any  further  levelopment, 
the  sporocarp  resulting  from  the  other  cells  of  the  ca  poj,on  um  h  1  1  e  beside  the 
trichophore.  The  fertilisation  therefore  takes  effect  a  a  d  stance  fron  he  spot  to 
which  the  male  cell  has  attached  itself.  Certain  cells  of  he  ca  pogon  um  grow, 
divide,  and  finally  produce  the  stalked  spores,  the  pe  c  p  o  en  elope  of  the  fruit 
arising,  as  the  result  of  branching  beneath  the  carpogonium. 

The  sporocarp  of  the  CharaceK  {B),  which  has  hitherto  been  without  any 
analogy,  becomes  intelligible  if  we  compare  it  on  the  one  hand  with  that  of  the 
ColeochaEtese,  on  the  other  with  that  of  the  Floridese.  The  carpogonium  w 
consists  of  a  large  ovoid  cell  which  is  borne  on  certain  small  round  basal  cells 
(Braun's  '  Wendezellen ').  These  basal  cells  take  no  part  in  the  development 
brought  about  by  fertilisation,  their  behaviour  being  similar  to  that  of  the 
trichophore  of  the  Floridese.  The  large  cell  is  fertilised  by  filiform  antherozoids, 
and  itself  forms  the  single  carpospore  in  the  sporocarp,  the  envelope  of  which 
has  been  completely  developed  before  fertilisation;  and  it  behaves  also  in  other 
respects  in  a  similar  manner  to  that  of  the  Cokochreteae,  Floridese,  and  Erysiphese. 
That  the  large  cell  which  becomes  the  carpospore  does  not  possess  any  hair-like 
receptive  organ  or  trichogyne  is  a  point  of  very  subordinate  importance,  since  in 
the  carpogonium  of  the  Ascomycetes  this  organ  is  sometimes  present,  sometimes 
absent '. 

One  of  the  simplest  cases  of  the  formation  of  the  fructification  in  the 
Ascomycetes  is  afforded  by  Podosphmra  {E) ;  and  we  here  get  the  transition  to 
an  evident  alternation  of  generations.  The  carpogonium  w  consists  of  a  single 
cell,  and  is  fertilised  by  another  tcbulai-  cell,  the  pollinodium.  The  result  of  fer- 
tilisation is  that  the  female  cell  grows,  and  divides  into  tivo  cells,  of  which  the 
tipper  one  forms  in  its  interior  several  spores  (Ascospores),  and  is  hence  termed 
the  Ascus.  Beneath  the  pedicel- celt  of  the  ascus  shoot  out  filaments  which  form 
the  envelope  of  the  fructification  _/". 

The  processes  are  somewhat  more  complicated  in  AscoMus,  another  Asco- 

'  See  De  ISary,  Bdlrlige  zvir  Morphologic  u.  Physiologic  der  Pilze,  vol.  111.  p.  88. 
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mycete,  of  which  a  diagrammatic  section  is  given  in  F.  w  is  the  carpogonium 
consisting  of  several  cells,  which  is  fertilised  by  the  tubular  branched  pollinodium; 
the  result  is  that  a  numb<.r  of  filaments  shoot  out  from  a  central  cell  of  the 
carpogonium,  which  then  form  sacs  at  the  apii.es  of  their  branches,  and  in  these 
a  number  of  carpo'ipores  The  envelope  of  the  sporocarp  is  in  this  case  very 
massive,  and  consists  of  cellular  filaments  which  shoot  out  beneath  the  carpogonium  ; 
and  it  finally  forms  a  compact  pseudo-parenchyma  in  which  the  carpogonium  is  en- 
closed together  with  the  ascogenous  filaments  and  the  asci  which  proceed  from  them. 
The  mycelium  which  produces  the  carpogonia  In  both  the  Fungi  now  described  is 
inconsiderable  in  comparison  to  the  large  sporocarp  which  results  from  the  fer- 
tilisation of  the  carpogonium ;  the  sporocarp  itself  in  many  cases  continues  to  grow 
for  some  time  independently  of  the  mycelium,  and  therefore  constitutes  a  second 
(non-sexual)  generation  of  these  Fungi.  If  the  mycelium  were  large  and  vigorous, 
and  the  sporocarp  which  springs  from  it  small,  as  is  the  case  in  the  Floridete  and 
Characcffi,  the  sporocarp  would  in  these  cases  also  have  the  appearance  of  being 
only  an  appendage  of  the  sexual  generation,  and  an  alternation  of  generations 
would  scarcely  be  suggested,  although  this  does  actually  occur,  since  the  entire 
course  of  development  of  such  a  Fungus  can  be  divided  into  two  sharply- defined 
phases,  of  which  the  first  is  the  mycelium  with  its  sexual  organs,  while  the  second 
is  the  sporocarp  with  its  independent  power  of  growth. 

Besides  the  true  spores  produced  directly  or  indirectly  by  the  act  of  fertilisation, 
which  complete  the  course  of  development  of  the  plant  by  a  rudimentary  or  an 
evident  alternation  of  generations,  there  is  commonly  among  Thallophytes  an 
extremely  productive  propagation  by  gonidia  which  are  not  brought  into  existence 
either  directly  or  indirectly  by  any  act  of  fertilisation,  and  which  have  therefore 
notlnng  to  do  with  the  alternation  of  generations. 

The  Gonidia^  often  arise  on  the  thallus  by  the  whole  of  the  contents  of 
certain  cells  of  the  thallus  dividing,  and  thus  producing  one  or  more  gonidia 
which  become  detached  from  the  plant.  But  in  other  cases  special  supports  or 
receptacles  are  formed  on  the  thallus,  the  sole  function  of  which  is  to  produce 
gonidia,  either  by  the  abstriction  of  the  ends  of  special  branches  {Slylogont'dta,  as 
in  Piplocephalis,  PenicilUum,  &c.),  or  by  free  cell -formation  in  the  interior  of  large 
cells  {Endogonidia,  as  in  the  Saprolegniese,  Mucorini,  and  Vaucherid).  In  many 
cases,  especially  among  Fungi,  propagation  is  effected  almost  exclusively  by  such 
gonidia,  the  normal  completion  of  the  development  by  actual  fertilisation  being 
attained  only  under  specklly  favourable  conditions.  This  is  the  reason  why  the 
sexual  organs  of  many  Thallophytes  are  at  present  entirely  unknown,  while  their 
gonidia  are  perfectly  familiar.  It  is  therefore  often  a  very  difficult  matter  to 
assert  with  respect  to  a  Thallophyte,  that  it  never  produces  sexual  organs;  since 
even  in  the  case  of  the  common  Mould-fungus  (PenicilUum)  and  in  many  Algse, 
the  gonidia  of  which  have  long  been  known,  it  is  only  quite  recently  that  the  sexual 
organs  and  the  alternate  generation  resulting  from  them  have  been  discovered.  Even 
in  the  majority  of  the  large  marine  Algte,  the  PhteosporeEB,  and  the  numberless 

a  which  become  detached  in  great  numbers  are  also  called 
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large  Fungi  (Basidiomycetes),  tlie  sexual  organs  are  slil!  unknown ;  although  in 
the  latter  case  the  analogy  of  the  Ascomycetes  renders  it  very  probable  ihat  the 
Fungi  known  as  Hymenomycetes  and  Gasteromycetes  are  oniy  the  fructification 
which  is  th&  result  of  the  union  of  sexual  organs  on  the  mycelium.  The  spores 
which  are  produced  on  these  Fungi  must  therefore  be  treated  as  true  spores  in 
our  sense  of  the  term,  and  their  mode  of  formation  as  something  quite  different 
from  that  of  the  gonidia  of  the  Mould-fungi. 

It  is  very  common  among  AJgffi,  and  occurs  also  in  some  Fungi  which  grow 
in  water  or  on  a  moist  substratum,  for  the  gonidia  when  they  escape  from  the  mother- 
cell  to  be  naked,  i.e.  without  any  cell-wall,  and  motile;  after  their  escape  they 
have  for  some  minutes  or  even  hours  the  power  of  swimming  about,  at  the  same 
time  rotating  on  their  axis  (swarming).  The  anterior  end  is  hyaline,  destitute  of 
granules  or  colouring  matter ;  and  in  some  Algje  a  minute  red  dot  lies  at  one  side 
behind  the  hyaline  part ;  the  cause  of  the  motion  is  the  vibration  of  certain  very  fine 
threads,  the  Vibraiih  Cilia.  Usually  two  of  these  cilia  are  attached  to  the  hyaline 
anterior  end,  or  one  in  front,  the  other  at  the  side;  but  sometimes  there  is  only 
one,  while  in  others  the  hyaline  anterior  end  is  encircled  by  a  dense  circlet  of 
numerous  cilia ;  or  finally  the  entire  surface  of  the  zoogonidium  is  covered  with 
short  cilia.  During  swarming  a  cell-wall  of  cellulose  begins  to  be  secreted;  the 
zoogonidium  then  comes  to  rest,  attaches  itself  to  some  solid  body  by  its  anterior 
end,  the  cilia  disappear,  and  germination  commences,  the  end  which  was  posterior 
during  swarming  becoming  the  growing  point  and  hence  the  anterior  end  of  the 
young  plant.  It  has  already  been  mentioned  that  in  some  cases  swarming  cells 
conjugate,  and  these  must  then  of  course  be  regarded,  not  as  gonidia,  but  as  sexual 
organs  which  bear  only  a  deceptive  resemblance  to  zoogonidia ;  at  any  rate 
there  are  reasons  for  believing  that  the  motile  cells  of  some  Algje  which  liave 
hitherto  been  regarded  simply  as  gonidia,  are  capable  of  conjugatiwi  and  are 
therefore  sexual  organs. 

Motile  cells  of  the  kind  now  described  may  make  their  appearance  at  any  stage 
in  the  course  of  development ;  it  is  not  uncommon,  as  we  have  seen,  for  the  entire 
contents  of  an  oospore  or  even  of  a  carpospore  (as  in  Cokochale)  to  be  transformed 
into  motile  cells  which  can  then  germinate;  even  in  the  so-called  conidia  of  the 
PeronosporeK  the  whole  of  the  contents  may  break  up  into  motile  cells.  In  other 
cases  again  these  bodies  are  produced  in  special  branches  of  the  thallus,  and  not 
unfrequently  any  vegetative  cell  of  the  thallus  may  allow  its  whole  contents  to 
escape  in  the  form  of  motile  cells.  These  motile  cells  have  hitherto  been  all 
known  as  Swarm-spores  or  Zoospores ;  but,  according  to  the  definition  of  the  term 
Spore  which  we  have  now  adopted,  we  must  term  the  asexually  produced  motile 
cells  Zoogonidia,  and  designate  the  receptacles  in  which  they  sometimes  arise  in 
large  numbers,  not  zoosporangia,  but  Zbogonidia-receptacles,  It  is  moreover 
obviously  of  secondary  importance  whether  the  gonidia  simply  become  detached,  as 
in  most  Fungi,  or  whether  they  take  the  fonn  of  motile  cells.  The  diiference  is 
evidently  dependent  on  the  mode  of  life  of  the  plant ;  the  presence  or  absence  of 
the  power  of  swarming  is  not  one  of  morphological,  but  only  of  physiological 
importance ;  just  as,  in  the  seeds  and  fruits  of  Phanerogams,  some  have  a  power 
of  transportation  by  means  of  a  special  floating-apparatus,  while  others  simply  faU 
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off.  In  the  genus  Vauchen'a  we  find  all  stages  of  transition  from  motile  cells  to 
gonidia  which  simply  fall  off. 

The  Classification  of  Thallophj'tes  has  been  till  quite  recently  based  essentially 
on  characteristics  relating  merely  to  ihe  mode  of  life,  according  to  which  they  have 
been  divided  info  three  classes, — Algse,  Fungi,  and  Lichens;  the  Characese  have 
been  sometimes  included  under  AlgK,  sometimes  altogether  separated  from  Thallo- 
phytes.  But  since  more  accurate  investigations  have  enabled  us  not  only  to  elucidate 
the  morphological  significance  of  the  growth  of  these  plants,  but  also  to  discover  the 
sexual  organs  in  the  main  divisions,  and  in  many  cases  to  follow  the  whole  course  of 
development,  this  classification  can  no  longer  be  maintained,  smce  it  depends 
essentially  only  on  differences  in  the  external  appearance  and  mode  of  life,  while  on 
the  other  hand  it  is  seen  that  a  totally  different  classification  is  necessitated  by  their 
morphological  characteristics.  The  admirable  labours  of  Schwendener,  for  example, 
have  shown  that  Lichens,  hitherto  considered  as  a  separate  class,  must  not  only  be 
included  among  Fungi,  but  must  be  regarded  as  a  section  of  a  particular  order,  the 
Ascomycetes.  Since  we  have  become  more  accurately  acquainted  with  the  sexual 
organs  of  the  ColeochEetese  and  Floridea;,  it  can  scarcely  be  doubted  that  these  Algae 
have  a  close  affinity  to  Characeas  in  the  structure  of  their  fructification.  We  can 
therefore  now  distinguish  only  two  classes  of  Thallophytes, — Alg?e  and  Fungi,  But 
it  has  long  been  admitted  that  it  is  impossible  to  draw  any  satisfactory  boundary-line 
between  these  two  classes;  several  writers  have  indeed  frequently  pointed  out  that 
some  families  of  Fungi  must  be  closely  associated  with  certain  families  of  Algse.  It  has 
been  recognised  more  and  more  clearly  that  these  two  classes  are  separated  only 
by  a  single  distinguishing  character;  if  the  two  old-established  groups  are  to  be 
retained,  the  only  distinction  between  the  two  (and  the  one  adopted  in  the  earlier 
editions  of  this  book)  is  to  place  under  the  head  of  Algse  all  those  Thallophytes 
which  contain  chlorophyll,  under  the  head  of  Fungi  all  those  which  do  not.  But 
this  separation  is  altogether  artificial,  and  could  only  be  tolerated  so  long  as  want  of 
an  accurate  knowledge  of  the  morphology  of  these  plants  compelled  us  to  admit 
a  classification  having  no  foundation  in  morphology.  In  the  present  state  of  our 
knowledge,  in  which  at  least  the  morphological  foundation  for  a  scientific  classi- 
ficatbn  of  Alg£  and  Fungi  may  be  laid  down,  it  is  not  only  permissible  but 
incumbent,  in  the  interest  of  progress,  at  least  to  attempt  a  morphological  classi- 
fication of  Thallophytes. 

The  first  point  to  note  is  that  the  presence  or  absence  of  chlorophyll  can  be 
no  sufficient  reason  for  separating  plants  which  are  nearly  related  to  one  another 
morphologically,  and  which  agree  in  their  structure,  their  sexual  organs,  and  their 
alternation  of  generations.  In  Phanerogams  tbis  principle  is  thoroughly  admitted. 
If  all  Flowering-plants  which  do  not  contain  chlorophyll  were  formed  into  one 
class  in  contradistinction  to  those  which  do  contain  it,  the  Rafilesiacese,  Balanopho- 
raccEe,  Corallorhiza,  Cuscula,  Orohanche,  Momiropa,  &c.  would  have,  in  spite  of 
the  differences  in  their  organic  structure,  to  be  combined  into  one  class,  and 
removed  from  their  true  relationship.  No  one  however  disputes  that  Cuscula 
belongs  to  "the  ConvolvulaceK,  Orobanche  to  the  Labiatifiorse,  Momiropa  to  the 
Pyrolacejc,  and  Coraliorhiza  to  the  Orchideje.  These  affinities  are  inferred,  among 
Phanerogams,  chiefly  from  the  structure  of  the  flowers  and  the  embryo,  and  no  one 
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attaches  the  leist  import'ince  to  the  fict  that  the  uiiil  of  Lhlon  ph^ll  ind  the  pe- 
cuhar  mode  of  life  of  thee  plants  E^ives  them  so  different  an  ippi.arante  from 
that  of  their  neircat  alhes  It  is  one  oi  the  most  beautiful  results  of  a  trulj 
scientific  morphology  and  ckssificafion  that,  among  Phanero^ms,  the  remwkible 
habit  of  piraiiites  and  saprophyteb  is  regarded  as  an  altogether  secondary  matter 
But  the  s^me  principle  should  also  be  applied  m  determining  the  sjstcmatic 
rehtionships  of  Thallophytes, — habit  and  mode  ot  life,  tlic  presence  or  absence 
of  chlorophyll  should  also  be  treated  as  characters  of  altogether  subordinate 
importance  All  Thallophjtei  which  are  destitute  of  chlorophjU— 7  =  all  tho=!e 
which  ha\e  hitherto  been  termed  Fungi — must  nccessanlj  agree  with  one  another 
more  or  less  in  their  habit  and  mode  of  life  because  thev  are  all  adapted  to  ab'iarb 
organic  carbonaceous  nutriment  from  their  environments  If  the}  obtain  it  from 
living  bodies,  we  have  parasitism  developed  in  its  \anous  forms,  if  thej  have 
the  capacity  of  consuming  dead  organic  remains,  the  habit  and  mode  of  life  of 
the  plant  must  vary  accordinglj  Algce,  in  the  sense  in  which  the  term  has  hitherto 
been  used  are  able  themselves  to  produce  carbonaceous  food  matenals  out  of 
carbon  dioxide  by  a=simiIation,  the)  are  not  therefore  usually  cither  parasites  or  sa 
proph)tes,  but  can  maintain  an  independent  life,  thej  are  howL\er  compelled,  by 
the  peculnritics  of  their  organisation,  to  live  m  water  or  m  damp  places  Their 
dep  ndence  on  assimilation  requires  that  Algse  should  inhabit  localities  where  there 
IS  free  access  of  light  while  Fungi  are  not  absolutel)  dependent  on  light  for 
their  supply  of  food 

But  all  these  facts  are  of  altogether  secondary  importance  in  determining 
degrees  of  aflintty  in  the  compilation  of  a  natural  sjstem  of  chs si fi cation  of 
ThiUophjtes  This  object  can  be  attained  only  bj  a  comparison  of  such  mor 
phological  characteristics  as  a  thorough  knowledge  of  developrntnt  reveals  The 
determming  considerations  of  a  morphological  nature  are  in  Thallophytes  still 
more  than  m  other  groups  of  plants,  dependent  on  the  question  whether  they 
possess  sevual  organs,  and,  when  this  is  the  case,  how  these  are  formed,  how  the 
act  of  fertilisation  is  eftected,  and  especially  what  is  the  nature  of  that  structure 
which  results  either  directlj  or  mdirectlj  from  it  in  one  word  how  the  act  of 
fertilisation  affects  the  entire  course  of  development 

We  have  alreadj  described  the  more  important  forms  of  the  organs  of 
fertilisation  in  Thallophjtes  and  the  origm  of  an  alternation  of  generations  con 
sequent  upon  it  If  now  the^plants  which  agree  in  these  characters  are  compared 
with  one  another,  it  is  seen  that  the  remaining  morphological  facts  also  suggest 
a  close  affinity  The  structural  pecwhanties  connected  with  sexualitj  maj  there 
fore  be  regarded  as  the  guiding  characteristics,  bi  which  we  are  directed  to 
relationships  within  the  group  With  our  present  still  verj  imperfect  knowledge  of 
Thallophytes  it  is  however  not  surprising  if,  in  a  classification  founded  on  these 
principles,  forms  are  nevertheless  occasionalh  found  placed  near  each  other  which 
appear  to  have  but  little  affinity  This  is  unavoidable,  because  the  intermediate 
transitional  forms  are  unknown,  and  it  must  moreover  be  observed  that  in  Thal- 
lophytes of  a  simple  structure  the  morphological  characteristics  are  more  easily 
coni,eiled  bj  physiological  adaptations  and  bj  changes  m  habit  than  m  the  higher 
plants. 
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The  classification,  here  adopted  does  not  therefore  make  any  pretension  to 
be  one  which  will  endure  for  all  time ;  it  rather  claims  to  be  in  accordance  with 
the  present  state  of  our  knowledge,  and  to  bring  into  proximity  those  forms  which 
agree  in  the  most  important  features  of  their  development.  In  a  certain  sense 
this  classification  may  still  be  called  an  artificial  one ;  but  it  is  natural  in  so  far  as 
it  attempts  to  bring  into  prominence  actual  affinities  and  not  merely  differences  and 
resemblances  of  external  habit'. 

It  is,  as  every  one  knows,  easier  to  make  objections  to  a  system  than  to  lay 
down  clear  principles  on  which  one  should  be  established;  and  we  will  therefore 
only  add  a  few  explanatory  remarks  respecting  the  following  table.  In  the  present 
state  of  our  knowledge,  we  seem  compelled,  first  of  all,  to  establish  a  class  of 
Thallophytes  in  which  not  only  is  sexual  reproduction  unknown,  but  in  which 
there  is  no  near  affinity  to  any  sexual  forms;  this  class  will  include  only  the 
simplest  and  most  minute  of  all  plants,  and  is  therefore  formed  into  the  first 
class  under  the  name  Protophytes.  But  in  a  large  number  of  Thallophytes  in 
which  we  are  unacquainted  with  the  sexual  organs,  there  is  an  obvious  close  affinity 
with  well-known  forms,  with  which  therefore  they  may  be  associated  in  classification. 
Finally,  there  are  other  Thallophytes  in  which  the  sexual  organs  are  still  unknown, 
but  in  which  no  distinct  affinity  is  exhibited  with  the  Protophytes  or  with  other 
well-known  forms.  These  plants  are  altogether  omitted  from  our  classification, 
since  it  is  not  my  purpose  to  present  an  index  of  all  existing  forms,  but  only  to 
show  the  affinities  of  those  that  are  best  known^. 

Each  of  the  four  classes  here  proposed  starts  with  very  simple  forms,  and 
attains,  through  diverging  lines,  very  different  degrees  of  development.  The  closest 
affinities  are  therefore  found  by  comparing  the  simplest  primary  members  of  each 
class,  especially  chose  of  the  2nd,  grd,  and  4th  classes ;  and  (he  widest  differences 
by  comparing  the  most  perfect  forms  of  the  different  classes.  In  this  respect 
therefore  these  proposed  classes  resemble  the  recognised  divisions  in  the  groups 
of  Muscinese,  Vascular  Cryptogams,  and  Phanerogams. 

In  order  not  to  depart  too  widely  from  the  classification  still  current,  and 
to  facilitate  a  general  view,  I  shall,  as  will  be  seen  from  the  following  table,  treat 
separately  the  forms  which  contain  chlorophyll  (so-called  Algse)  from  those  destitute 
of  chlorophyll  (so-called  Fungi)  within  each  class'. 

'  Cohn,  who  was  Ihe  first  to  give  up  the  di^iaion  of  Thallophytes  into  AlgK  and  Fnngi,  has 
not  been,  in  my  opinion,  so  happy  in  the  classes  which  he  has  proposed.  He  does  not  start 
from  any  definite  principle,  but  employs  as  his  typical  characters  sometimes  pomts  of  great, 
sometimes  those  of  secondary  morphological  importance,  as  is  shown  by  the  names  of  the  classes ; — 
Schiiospore^,  Zygosporeas,  BasidiosporcK,  AscosporeK,  Tetrasporese,  Zoospores,  and  Oospore:e 
(see  Hedwigia,  1873,  p.  18), 

'  [Reference  for  some  criticism  and  additional  details  on  this  classification  of  the  Thallophytes 
may  be  made  to  Quart.  Jonm.  Micr.  Sc.  18J5,  pp.  295-326,  and  pp.  396-401 ;  see  also  de  Bary,  Bot. 
Zei^.  1881.     For  a  Classification  of  Fungi,  See  de  Bary,  Beitr.  IV.  1881.] 

=  Since  this  classification  and  the  following  account  of  Thallophytes  has  been  ready  for  the 
press,  I  have  had  the  opportunity  of  seeing  a  letter  addressed  to  Dr.  Brefeld  by  Prof.  Fischer 
(Oct,  sglh,  iSjj),  in  which  the  following  classification  is  proposed : — 
THALLOPHYTES. 
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THALLOPHYTES. 
Class  I.     Protopliyta. 


Containing  Chlorophyll. 
CyanophyccK. 
PalmellaccEe  (in  part). 


Not  conlaining  Chlorophyll. 
Schizomycetes. 
Saccharomycetes. 


Class  II. 
Conjugating  cells  motile. 
Pandorinese.  Mysomyceles. 

( Hydro  dictyeje). 

Conjugating  cells  stationary. 
Conjugatse  (including  Diatomaceie).         Zygomycetes. 


Sphseroplea. 
Vaucheria  . 
Volvo  cineK, 


Class  III.     Oosporeee. 


i  Saprolegniese. 
(  PeronosporeEe. 


CoieochasteEB. 

Floridere. 

Characese. 


Class  IV.     Carposporese. 


Ascomycetes  (including  Lichens), 
jEcidiomycetes  (Uredineie). 
Basidiomycetes. 


Class  I.     No  sexual  reproduction, 
(■ces.  Phycodiro 

Class  11.     Eeproduotion  by  conjugatio: 


Class  III.     Zteproductio: 
PeronosporeEe. 
Saprolegtiies. 


DiatomaceiE,  ConjugatsE. 
I,  the  result  of  fertilisation. 
Palniellacca:,  Siphonea;. 
Confervaceic,  Fucace*,  Coleochaileie, 
Characese  (?). 


Class  rv.    A  compound  fl'uctificatioQ  resulting  from  fertilisation 
(alternation  of  generations). 
Ascomycetes.  Floridcffi. 

Basidiomycetes. 

Prof.  Fischer  still  treats  Algas  and  Fungi  as  two  entirely  distinct  series  developed  in  parallel 
rows ;  while  I  suppose  that  in  each  class  Fangi  ha.ve  diverged  as  ramifications  from  various  types  of 
A]g32 :  there  are  other  important  differences  between  our  systems  in  the  position  of  the  Myxomy- 
cetes,  ColeochEetex,  and  Charace^.  But,  with  the  exception  of  these  difTerences,  the  main  point  is 
the  agreement  of  our  views  willi  respect  to  the  eslablishment  of  four  classes  which  sei-ve  equally  for 
Fungi  as  for  Algie. 
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PROTOPHYTA. 

In  this  class  are  comprised  the  most  simple  and  minute  of  all  plants,  whether 
they  contain  chlorophyll,  and  therefore  have  been  regarded  as  belonging  to  the 
Algse,  or  whether  they  contain  no  chlorophyll,  as  the  Yeast-fungi  and  the  so-called 
Schizomycetes  (Bacteria,  etc.). 

Those  Protophytes  which  contain  chlorophyll  live  chiefly  in  water,  or  at  least 
in  damp  localities,  sometimes  as  pseudo-parasites,  and  their  green  colouring  matter  is 
often  mixed  with  a  blue  one  which  is  soluble  in  water.  Those  which  are 
destitute  of  chlorophyll  are  either  true  parasites  or  inhabit  the  moist  surfaces  of 
organic  bodies,  or  are  found  in  fluids  which  contain  organic  substances  in  solution 
from  which  they  derive  their  nutriment,  and  which  they  decompose,  causing 
putrefaction  or  fermentation. 

The  structure  of  Protophytes  is  always  extremely  simple,  and  in  the 
■simplest  of  all  the  cells  are  so  small  that  they  can  be  seen  only  under  a  high 
■magnifying  power.  In  the  smallest  a  distinction  can  scarcely  be  detected  be- 
tween cell-wall  and  cell-contents;  and  when  this  can  be  done  the  contents  are 
homogeneous,  or  minutely  granular.  The  cell-wall  has  a  tendency  to  deliquesce 
into  a  soft  jelly  in  which  the  cells  remain  imbedded  either  regularly  or  irregularly; 
but  sometimes  it  only  swells  up,  and  is  then  manifestly  stratified. 

In  the  simplest  forms  the  cells  are  isolated ;  the  two  halves  of  a  divided  mother- 
cell  increase  till  they  attain  its  size,  and  then  again  divide;  the  derivative  cells 
separate,  and  carry  on  an  independent  life.  In  the  more  highly  developed  forms 
the  derivative  cells  remain  united,  and  the  final  result  is  either  simple  and  often 
extremely  slender  rows  of  cells,  thin  lamelte,  cell-division  taking  place  in  one  plane, 
or  agglomerations  in  consequence  of  cell-division  taking  place  in  all  directions. 
It  is  only  in  the  most  perfecdy  developed  individual  that  the  multicellular  body 
has  a  determinate  external  form. 

The  species  which  contain  chlorophyll  are  in  general  larger  than  those  which 
do  not,  and  the  structure  of  their  cells  more  perfect;  the  largest  and  most  perfectly 
developed  among  the  latter  being  Yeast-cells.  Even  in  this,  the  lowest  stage  in  the 
vegetable  kingdom,  the  want  of  chlorophyll  is  seen  to  be  usually  associated  with 
a  degradation  of  structure.  All  the  cells  in  the  individual  are  usually  exactly 
alike;  it  is  only  in  the  higher  forms  that  a  few  larger  cells  of  a  different  colour 
— termed  Heterocysts — are  intercalated  among  the  otherwise  similar  cells  of  a 
filament. 

In  most  cases  there  is  no  distinct  base  and  apex,  and  therefore  no  definite 
direction  of  growth;   but  in  a  few  of  the  highest  members  of  the  class  a  base 
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and  apex  of  growth  can  be  distinguished,  and  a   kind    of  branching    makes   its 

Although  zoogonidia,  in  the  sense  in  which  Che  term  is  used  in  the  higher 
Thallophytes,  do  not  occur  (with  the  exception  of  some  Palmellaceffi  which  perhaps 
do  not  belong  to  this  class),  many  ProLophytes  are  nevertheless  endowed  with  a 
power  of  motion  by  means  of  which  they  swim  about ;  spirally -wound  multicellular 
filaments  turn  on  their  axis;  or  the  filaments  themselves  bend  backwards  and 
forwards;  or  some  other  kind  of  motion  occurs. 

No  sexual  organs  have  yet  been  observed,  and  in  most  cases  there  are  no 
non-sexual  organs  of  reproduction,  the  multiplication  of  individuals  being  effected 
by  the  separation  of  the  ordinary  vegetative  cells'.  In  other  words,  organs  for 
nutrition  and  reproduction  are  not  differentiated;  it  is  only  in  the  most  highly 
developed  forms  diat  cells  of  peculiar  form  are  produced  for  the  sole  purpose  of 
reproduction. 

The  class  has  hitherto  been  divided  into  three  groups  distinguished  by  their 
colour;  viz.  i.  those  containing  pure  chlorophyll,  Palmellacese ;  2.  those  in  which 
the  chlorophyll  is  mixed  with  a  blue  pigment,  and  which  therefore  appear  of  a  light 
green  or  bluish  green  colour,  Cyanophycese ;  and  3.  those  in  which  there  is  no 
chlorophyll,  Schizomycetes  and  Yeast.  While  limiting  the  class  of  Protophyta 
to  these  three  groups,  it  is  nevertheless  possible  that  some  of  the  forms  included 
in  it  are  not  independent  species,  but  merely  stages  in  the  development  of  other 
higher  Thallophytes,  which  have  a  perpetual  power  of  reproducing  themselves. 
Thus  it  has  already  been  determined'  that  the  genus  Plmrococcus,  hitherto  placed 
among  PalmellaceEe,  is  merely  a  stage  of  development  of  Chlamydomonas  which 
belongs  to  Pandorinefe,  a  class  of  Zygospore*;  and  it  is  not  improbable  that 
the  whole  group  of  Palmellacese,  and  perhaps  also  some  Chroocoecacese,  are 
of  the  same  nature,  and  must  at  some  time  be  eliminated  from  the  class  of 
Protophyta. 

FORMS  CONTAINING  CHLOROPHYLL. 

A.  CvanOPHycEjE.  These  organisms  are  of  a  bluish,  emerald,  or  brownish  green, 
or  some  similar  colour,  due  to  a  mixture  of  true  chlorophyll  and  phycocyanin ;  this 
pigment  becomes  diffused  out  of  dead  or  ruptured  cells,  and  thus  produces  the  blue 
stain  on  the  paper  on  which  Oscillatorieie  are  dried.  From  crushed  specimens 
treated  with  cold  water  phycocyanin  is  extracted  as  a  beautiful  blue  solution, 
blood-red  in  reflected  light'.  When  the  crushed  plants  are  treated  with  strong  alcohol 
after  the  extraction  of  the  blue  pigment,  a  green  solution  is  obtained  which  contains 
true  chlorophyll,  and  probably  a  special  yellow  pigment,  phycoxanthin*. 

I.  The  Chroocoeeajsete  exist  as  isolated  roundish  cells  or  in  roundish  families,  the 
cells  of  which  are  imbedded  either  in  an  amorphous  mucilage  or  in  the  swollen  walls 
of  their  mother-cells.  They  occur  as  gelatinous  growths  in  damp  places.  Several 
genera    are    distinguished,   with   numerous   species : — e.g.   Chroococcus    and    Glaocapsa 

'  [Gonidia  have  been  discovered  in  Glceocapsa  by  Bomet  (Ann.  sci.  oat,,  ser.  V.  XVII;   in 
Nosloe  by  Janciewski  (ib.  XIX),  and  in  Bacillus  by  Cohn  (Beit.  2nr  Biol.  d.  FEzn.  I).] 
"  Cienkowslii,  Bot.  Zeit.  1865,  no.  3 ;  and  Rostafinski,  Bot.  Zeit.  1871,  p.  786. 
=  Cohn,  in  Schulze's  Archiv  fiir  mikrosk.  Anatomic,  vol.  Ill,  p.  12.— Askenasy,  Bot.  Zeit.  1K67. 
'  Millardet  and  Kraus,  Comptes  Kendus,  vol.  LXVI,  p.  505. 
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(Fig.  165),  which  divide  in  all  directions,  the  latter  imbedded  in  a  stratified  jelly; 
Glixotbece,  imbedded  in  a  stratified  jelly  but  dividing  in  one  direction  only ;  and 
Meniimopedia,  the  cells  of  which  divide  cross-wise  in  a  single  plane. 

2.  The  Hostoca^effi  form  lumps  of  mucilage  or  gelatinous  pellicles  which  float 
in  water  or  lie  on  damp  earth  or  among  moss.  In  the  jelly  are  serpentine  moniliform 
vows  of  roundish  cells,  a  few  larger  ceils,  termed  Hetero- 
rjsti,  the  contents  of  whii.h  are  of  a  different  colour,  being 
interposed  at  mtervals  The  filaments  increase  in  length 
by  the  division  of  the  mdividual  cells,  thus  constantly 
iddmg  to  the  coils  which  lie  in  the  jell>  that  they  et- 
crete  New  colonies  are,  accordmg  to  Thuret',  formed 
in  the  tuUotting  manner  —The  jellj  of  the  old  colony 
becomes  softened  by  water,  the  portions  of  the  threads 
lying  between  the  heteroc)sts  become  detached,  separate 
from  the  jelly,  and  straighten  themselves,  while  the  hetero- 
cjsts  themselves  remain  in  the  jelly  After  they  have 
entered  the  water,  the  old  portions  of  the  thread'^  become 
endowed  with  motion  like  the  OsciUatorie^  and  their  exit  fiu  iss^-Moiieorieiniisi  n  n 
IS  probably  caused   by  this   movement'       The   roundish  (.isor-j™ 

cella  of  the   filaments  grow  transversely,    i  e    at   right 

angles  to  the  axis  of  the  filament,  and  then  divide,  the  division -planes  being  parallel 
to  the  a\is  of  the  fihment,  which  now  consists  of  a  series  of  short  articulate  thieads, 
the  a^is  of  whose  growth  is  at  right  angles  to  its  own  The  thieads  which  are  thus 
formed  increase  in  length  and  join,  placing  their  terminal  cells  m  contact  [alternately 
above  and  below  in  each  successne  thread],  and  thus  unite  into  a  single  cuned 
iVtwftif-filament  Individual  cells,  apparently  without  any  definite  law,  become  hetero- 
cysts  In  the  meantime  the  gelatinous  envelope  is  developed,  and  the  new  colony, 
which  is  at  first  microscopic,  attains  the  size  ot  a  walnut* 

3  The  Oecillatoriera  consist  of  rigid  cylindrical  filaments  of  various  thickness, 
often  eiitremelj  slender,  diiided  into  disc-like  cells  by  leri  delicate  transierse  <iepta 
The  filaments  are  not  straight,  but  somewhat  coiled  m  the  form  of  a  very  oblique 
spiral,  they  revolve  on  their  axia,  and  become  matted,  when  large  numbers  grow 
together  (in  water  or  on  moist  earth),  into  balls  oi  pellicles  When,  a  lump  is  placed 
m  water  or  on  wet  p<tper,  Nageli  has  shown  that  it  assumes  a  star-like  -irrangement 
in  consequence  of  these  movements 

4.  The  Bivalaneffl'  form  soft  greenish  blue  lumps  ot  jeilv  which  swim  about  in 
stagnant  water  or  grow  attached,  in  the  first  case  they  are  spherical,  in  the  second 
hemispherical,  the  smallest  about  ^  millimetre  m  diameter,  the  largest  the  size  of  a 
hazel-nut     A  number  of  monililorm  filaments  consisting  of  roundish  cells  he  in  the 


'  Thuret,  Observations  siir  la  reproduction  de  quelques  Nostochinees,  Mem.  de  la  soc.  imp. 
des  sci.  nat.  de  Cherbourg,  vol.  V.  r85^     [Ann.  and  Mag.  Nat.  Hist,  1858,  vol.  II.] 

'  These  motile  threads  of  Nosloc  were  seen  by  Janciewski  to  enter  the  young  stomata  on  the 
lower  side  of  the  thallus  of  Anrkoceras  Iceiiis,  where  they  further  develope  into  round  balls.  Such 
colonies  of  Nosloc  have  been  knovm  for  a  long  lime  in  cavities  and  in  the  tissues  of  different  Hepa- 
ticie  {Bla^ia,  PeUia,  Diplolnna,  Aneura,  Riccia),  but  have  generally  been  con^dered  endogenous 
gemmse  of  lh,c5e  spedes,  until  Janczewski  proved  their  trtie  nature.  Nosloc  also  establishes  itself  in 
the  large  porous  cella  of  the  leaves  of  Sphagman.  The  entrance  of  Nosloc  into  the  parenchyma 
of  the  stem  of  a  dicotyledonous  plant,  Gunner-a,  is  brought  about,  according  to  Reinlte,  in  a  different 
manner  ;  the  deeper-lying  parenchymatous  cells  of  the  outer  part  of  the  stem,  themselves  covered  by 
Uyers  of  parenchyma,  are  densely  filled  with  colonies  of  the  Alga.  (Bot.  Zeitg.  1872,  pp.  59 
and  74.)     [See  also  Ann,  des  Sc.  Nat,  1872,  p.  306,  and  Quart.  Joum.  Micr.  Sc.  1873,  p.  369.] 

'  [Archer  has  described  the  occurrence  of  'spores'  in  Nosloc  paludosam  which  were  always 
placed  singly  between  the  heterocysts.     Quart,  Jmira.  Micr.  Sc.  1872,  p.  3G7.] 

'  De  Bary,  Flora,  1863,  p.  553. 
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J  111  fe   i      d    llj        t   th      t  d   th      11  t  t      t         1     g  h>   I 

h       wh  1      t    h  Id         1    g    h  t        y  t     h   h  g        th    wh  1    hi  m    t  tl 

f    m    t        d    g  wh  p     Th    fil  m     t  as  1    gth  by   h    t  d  f 

t       II       R  p    d  ff    t  d  b)  th        11  wh  h  i  t  t        bis  1  h  t       j  t 

be    tmng  th    k  g  1     bly       1    gth      d         m    g        yl    d       I  f    m 

t  ttbe  dse         d  tdbjfim  b  "Wbthhl 
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I  p  b    q      tlj  p        t    f    h      h    tl        d  tl  1      II    b 

ptlTlfiimt  f  bkp  ralp  hhbm 

1      ly  p    k  d  t  getlj         t        t  ft         b  11     E    h  fil         E  I    gth  t 

d      t  g        t  d   h         wh  1     th         II     t   th       th  d  b  h  t        y  t 

Sh  fthhpgfm       gn  gllfrin        y       g        ss    S  Ri     ! 

th    fil  m    ts  b      m    g  I  p  d        j  llj       Th  It  pi     t  f  th    fil  m    t      f 

S         gmtakpt       bykdfb       hg  fhlw        II   b 

w  h  t    oey  t     th     p    t  f  th     hi         t  th  t  1       b  t  t       d  th       Id 

ht       >td      Ipes     t  dpedtfilmtlgsdtl     p       tfilmt 

S    Th    S  yton  mtefrmb       hdfiimt         led       thkgit 
1  p      wl    h—  t    11         t       th        Id     p    t     s— c        t    1       f  1  f     11 

T     th     t  mly  bel     g  S>  5       pf        &. 

Ji.  The  Palmellale*:  contain  pure  chlorophyll.     The  cells  live  smglj   or  remain 
t  m  I  es  mbedd  d  I  g       th  y         mbl    th    Cj        phy     x.        na  y       y  .    Thus 

Glee  jwblgigtthfmlyh       th       pi  t        p        g  Glieocapja; 

T        p         f  rn      JV  Ik      I  mp       f  j  11)     b  t         p    p      t  d   by  g      dia;    in 

0       ^  »j  th    fii         t  arra  g  d      d   11>       j  II     as       R      1  Th    delicate 

gr         gr  wth  d      p  w  11       t  f  t    es    S.  t     f      11        th  lated   or 

gpedtfml  hh  k  dth  P        oc         F  !     !l  ,  Cysto- 

coccus,  t^c. ,  PalmcUa  crue        f  g  bl     d      d  tt  ProbabI>,  as  has  already 

been  said,  all  these  form  ly    t  g  tl      d      1  p      nt  of  higher  Alga,  which 

attain  their  further  normal  d      1   pm     t      ly      d      t         rabl    conditiona  of  growth. 


FORMS  NOT  CONTAINING  CLOROPHYLL. 

C    Th    S  H      M          E   ^  T'  66'   r  e  in  fluids  which  contain  organic  substances 

b  m       d                     p  hich  they  obtain  their  nutriment,  and  of  the 

p                              h    h    h  The  greater  number  consist  of  extremely 

m  U            w  h                d  ff  re  cell-wall  and  cell-contents,  so  that  in  some 

se      h            ga  b     determined   by  indirect  methods*.      Where 

h            ur      a         n           n  m  d    iduals  are  usually  imbedded  in  a  gelatinous 

■  Various  forms  of  the  Algre  described  under  A.  and  B.  occur  again  in  the  bixlies  described  as 
gonidia  of  Lichens.     (See  Fig.  212.) 

'  Cohn,  Uotersuchungen  Uber  Bacterien,  Beitriige  zur  Biologie.  187a,  Hft.  2.  p.  127  ;  1876,  Ed. 
ii.  Hft.  2.     [Quart,  Joum.  Micr.  Sc.  1873,  p.  156;   1877.  p.  81 ;   1879,  pp,  ih^-^o^,.'] 

'  Since  the  smaller  Schizomycetes,  usually  called  Bacteria,  are  found  also  on  the  slimy  surface 
of  living  bodies,  on  wounds,  &c.,  they  have  recently,  from  a  medical  point  of  view,  been  regarded  as 
the  cause  of  diseases.  A  copious  literature,  generally  deficient  in  even  an  elementary  acquaintance 
with  scientific  botany,  treats  of  the  Schiiomycetes  from  this  point  of  view ;  but  it  can  hardly  be 
doubted  that  observers  have  frequently  mistaken  the  mere  products  of  decomposition  of  organic 
substances,  and  every  crystalline  precipitates  of  an  inorganic  character,  for  Bacteria. 
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mucilage,  and  this  is  especially  true  of  the  most  minute  forms,  the  investigation  of 

which  is  hence  rendered  extremely  difficult. 

The  forms  and  vital  phenomena  of  the  Schizomyeetes,  as  far  as  they  are  accurately 

known,  recall  various  species  of  Chroococcace^  and  Oscillatoriese ;  but  they  are  in 

general  much  smaller  than  the  corresponding 

forms  belonging  to  the   chlorophyllaceous  9  , 

series.     Thus,   for   example,  Sarcina   {Fig. 

166,  1),  which  grows  in  the  human  stomach, 

corresponds  to  Meriimapedia,  the  small  cells 

dividing  cross-wise  and  remaining  for  a  time 

united    into    tetrads.      In    the    remaining 

Sehizomycetes,  which  are  commonly  known 

as  Bacteria,  growth  takes  place  only  iu  the 

direction  of  length,  and  the  cells  formed 

by  repeated  transverse  division  either  sepa- 
rate or  remain  united  into  filaments.     Cohn 

divides  them  into  four  groups:— I.  Sphmro- 

baoteria,   with   extremely   small   roundish 

cells  which  become  detached,  corresponding 

to  the  most  minute  forms  of  the  Ghroococ- 

caceEE  and   Palmellace^,      They  grow  on  the  surface  of  moist  dead   organic   bodies 

forming  gelatinous  growths,  often  of  an  intense  yellow-green,  blue,  or  violet  colour; 

these  pigments  which  are  contained  in  the  protoplasm  are  sometimes  soluble,  sometimes 

insoluble  in  water.     2.  Bacteria  proper,  in  which  the  cells,  when  separate,  are  long, 

rod-like,   very   minute,   and   able   to   swim   about   in   the   fluid.     Fluids   that   contain 

albuminoids  putrefy  and  become  milk-white  from  the  multiplication  of  these  ordinary 

Bacteria;    they  correspond  in  form  to  the  genus  Synechococcus  among  Chroococcacese 

which  forms  bluish-green  coatings  on  rocks'.  3.  Filobactoria,  in  which  the  slender 
cells  remain  united  into  threads,  which  are  either  straight,  forming  the  genus  Bacillus  of 

Cohn,  or  curved  and  bent,  when  they  are  Vibrio  (Fig.  166,  3).  They  do  not  excrete 
a  gelatinous  envelope  and  resemble  small  Oscillatorieje.  If  the  Sehizomycetes  are 
constituted  into  a  distinct  group,  then  Beggiatoa,  with  contractile  filaments,  which  has 
been  hitherto  referred  to  the  Oscillatorieie,  must  be  included  in  it.  4.  Spirobaoteria, 
which  form  spirally  curved  filaments  sometimes  of  considerable  size  in  comparison  to  the 
preceding  ones.  Cohn  distinguishes  the  genera  Spirillum  (Fig.  166,  4)  and  Spirocbale, 
which  recall  Sfirulina  among  the  Oscillatorieae. 

D.  The  Saccharomycetes,  of  which  the  genus  Saccbaromyces  is  the  only  one  that 
is  accurately  known,  consist  of  small  round  cells  which  live  isolated,  and  resemble  in 
form  some  Ghroococcace^  and  Palmellaces;  their  organisation  is  nevertheless  capable 
of  a  more  accurate  investigation  than  that  of  the  Sehizomycetes,  which  they  also  usually 
greatly  exceed  in  size.  The  genus  Saccbaromyces,  which  causes  the  alcoholic  fermentation 
in  saccharine  fluids,  consists  of  separate  cells  of  an  ellipsoidal  form  with  smooth  and  thin 
walls,  the  protoplasm  in  which  can  be  clearly  recognised  as  such  and  encloses  one  or 
more  vacuoles.  When  growing  in  a  solution  capable  of  fermentation  these  cells 
multiply  very  rapidly;  not  however  by  the  ordinary  mode  of  division,  hut  by  budding 
and  abstrietion.  At  some  point  or  other  of  the  yeast-cell  a  small  protuberance  makes 
its  appearance,  which  increases  to  the  size  of  the  mother-cell ;  the  very  narrow  point  of 
union  then  gives  way,  and  the  two  cells  then  carry  on  an  independent  life,  and  again 
repeat  the  process.     Whether  under  some  circumstances  the  cells  can  also  grow  out 

'  [E.  R.  Lankestec  (Quart.  Joura.  Mier.  Se.  187.3,  p.  40S)  believes,  from  the  investigation  of  a 
peach-coloured  BacUrium,  that  the  series  of  forms  distinguisiied  by  Cohn  cannot  be  maintained  as 
distinct.  Lister  (ibid.  1873,  p.  393)  believes  that  he  has  demonstrated  the  origin  of  Bacteria  from 
a  FiuigiTs,  a  species  of  Demoriuni.] 
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into  tubis  ind  as^iume  h\plia  like  torms,  as  asserted  b)  Cienkonsli'  apptdrs  lo  be 
uiiLertdin  Reels',  however,  has  discovered  thit  whtn  yeast-cdls  iie  grown  on  the 
surface  of  cut  pieces  ot  potato,  turnips,  &.c ,  tbev  attaitj  a  iai^cr  size,  and  the  pro 
toplasm  contained  in  them  breaks  up  into  from  t\io  to  four  roundish  endogenous 
gonidia,  which,  when  placed  in  i  saccharine  fluid,  at  once  agiin  produce  yeast  cells 
by  budding  and  abstnetion  Reess  cons  ders  these  endogomdia  ot  Saccharomyces  to  be 
ascospores,  and  the  jeast  tungus  therefore  to  be  an  Ascomycete  Brefeld,  however, 
makes  the  forcible  objection  to  this  view, — thit  if  a  jeist  clII  \\hich  torms  feonidia  is 
considered  an  aseus  and  the  gonidia  asecporcs,  it  must  be  shown  that  the  supposed 
aseus  IS  developed  from  an  ascogonium,  i  e  from  a  female  sexual  orgin,  as  in  the 
;ver,  ne^er  been  proved,  and  is  extremely 

^mce  his  time  ver)  popular,  but  never  enter- 
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ZYGOSPORES. 

According  to  the  principles  laid  down  in  ihe  Introduction  to  the  group,  this 
class  comprises  plants  which  have  hitherto  been  placed  among  Algte  on  the  one 
hand  and  among:  Fung'i  on  the  other  hand  —all  those,  in  fa(,t,  in  which  sexual 

1  [Bull,  Acad.  imp.  Si.  Petersb.  1872,  vol.  XVII     Qnart  Joura   Micr  Sc  i8?S.  pp.  145-149.] 

'  Recss,  Botanische  Umersuchimgen  iiber  des  Alkoholgahtugspilze  Leipzigi8;o,  [Qimrt,  Journ. 
Micr.  Sc.  187s,  pp.  142,  143.] 

'  [Comptes  lendos,  1872,  pp.  J84-790;  Quart  Jonm  Miu  Sc  1873  p  151. — See  also  Mayer, 
Lebrbuch  der  Gahrangs  Chemie,  1876  ;  Schiitzenbergtr,  Les  Fermentations,  18,6.] 

'  Voctrag,  July  26th,  iS'ji,  in  the  Physik, -medic.  Gesellschafl  of  Wurzburg. 

'  The  nature  and  the  necessity  of  respiration  in  plants  was  first  pointed  ont  by  me  in  my 
Handbuch  der  Experimenlal-physioiogie,  pp.  163-264;  (see  infra.  Book  III.  Chap.  2.  Seel.  6). 

'  On  other  Fetmentalion-fungi  see  Van  Tieghem,  Ann.  Scientif.  de  I'ecole  nonnale,  vol.  I.  1864, 
(nd  Ann.  des  Sei.  Nat.  5'  ser.  vol.  VIII.  i868,  as  well  as  Ihc  French  Iranslation  of  this  work, 
p.  352- 
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reproduction  takes  place  by  means  of  conjugation,  the  essential  characteristics 
of  this  process  being  that  the  two  ceils  which  take  part  in  it  are  alike,  and 
produce,  by  the  coalescence  of  their  protoplasmic  contents,  a  cell  of  peculiar 
form,  the  Zygospore,  which  usually  remains  for  a  time  dormant,  and  is  then  termed 
a  resting-spore.  Conjugation  is  the  simplest  form  of  sexual  reproduction,  and 
the  morphological  characters  of  the  plants  belonging  to  this  class  are,  as  might 
be  expected,  much  simpler  than  of  those  which  constitute  the  succeeding  classes. 
The  mere  fact  of  sexuality  does  nevertheless  show  an  advance  on  the  mode 
of  reproduction  of  the  Protophyta,  and  the  Zygospores  manifest  in  consequence  a 
higher  degree  of  organisation,  and  present  the  transition  from  the  non-sexually 
propagated  Protophytes  to  those  forms  of  Thallophytes  in  which  reproduction  is 
sexual  in  the  strict  sense  of  the  term. 

Like  that  of  the  vegetative  organs,  the  form  of  the  organs  of  conjugation 
varies  greatly  in  the  different  sections  of  this  class;  the  zygospore  is  sometimes 
produced  by  the  conjugation  of  naked  zoogonidia,  sometimes  of  highly  developed 
cells  belonging  to  the  thallus,  sometimes  of  special  branches  which  do  not  occur 
elsewhere  in  the  thallus.  One  of  the  most  remarkable  phenomena  connected  with 
sexuality  is  the  formation  of  Auxospores  in  the  Diatomaceje,  which,  as  far  as  our 
present  knowledge  goes,  takes  place  in  some  cases  by  actual  conji^tion,  but  in 
others,  as  Schmitz  has  shown,  by  the  simple  approximation  of  two  cells  without 
any  coalescence  or  actual  contact,  an -interchange  of  substance  taking  place  pro- 
bably by  diffusion. 

The  plants  comprised  in  this  class  differ  greatly  in  the  structure  of  their 
vegetative  body;  and  we  are  at  present  acquainted  with  but  few  intermediate 
transitional  forms  connecting  the  various  sections  belonging  to  it.  This  evi- 
dently arises  from  the  fact  that  it  is  only  of  late  years  that  the  process  of 
conjugation,  previously  known  only  in  the  Conjugate,  has  been  studied  in  the 
Pandorineffi,  Zygomycetes,  and  other  families.  It  may  be  expected  that  the  further 
investigation  of  the  zoogonidia  of  a  large  number  of  Algse  will  show  them  to  be 
conjugating  sexual  orgMis ;  and  it  is  even  possible  that  among  plants  which  are 
very  nearly  allied  some  produce  zoogonidia  which  actually  conjugate,  while  in  others 
the  corresponding  cells  do  not  usually  conjugate,  but  proceed  to  a  further  develop- 
ment, or,  in  other  words,  are  propagated  parthenogenetically.  Some  such  phe- 
nomenon is  indicated  in  the  formation  of  the  auxospores  of  the  DiatomaccEe  akeady 
mentioned;  and,  on  the  other  hand,  we  find  forms,  like  the  Hydrodictyete',  in  which 
no  conjugation  of  the  zoogonidia  has  hitherto  been  observed,  although  they  are 
nearly  connected,  in  their  morphological  characters,  with  the  Pandorinete  in  which 
this  mode  of  reproduction  does  occur.  1  do  not  therefore  hesitate  in  assigning  the 
HydrodictyeK  a  place  among  the  Zygospores.  The  question  is  more  difficult 
whether,  in  addition  to  the  Zygomycetes,  the  Chytridinese  and  Myxomycetes  should 
also  be  included  in  this  class.  In  the  Chytridinese  it  is  probable  that  some  of 
the  zoogonidia  conjugate,  although  this  has  not  hitherto  been  observed'.     In  the 

'  [The  conjugation  of  microzoogonldia  was  observed  by  Suppaneti  in  1875.  Rostafinski,  Mem. 
Soc.  Sc.  Nat.  de  Cherbonrg,  i8?5.  vol.  XIX.  p,  153,] 

'  [Novakowski  has  discovered  sexual  reproduction  in  Folyphagm  Euglena.  Cohn,  Beitr.  .5.  Biol. 
1876,  Bd,  n.    See  also  m/ra,  p.  264.] 
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M>xoniycelcs  a  coniugUion  cf  ^oct,  mia  does  laU  phci.  it  t  e  term  is  used 
111  Its  moht  extended  sense  for  there  s  absolutely  no  reason  whj  tie  coalescence 
f  f  the  IMyxoamcebse  shouH  not  be  re;^a  ded  as  a  form  of  conjugation  and  the 
proluction  of  plasmod  i  -is  inalo^ou&  to  that  of  zjgosjores  Wh'it  las  htherto 
prevented  botanists  from  recoi^nismg  this  analogs  is  iierely  the  habit  of  life  of 
the  fthxom)ceteij  especiajlj  ihe  peculiantj  of  not  formine  cells  and  the  cir 
cumstance  that  conjugation  tikes  place  between  thousands  of  zoogonidia  If  the 
coalescence  of  the  mjxoamceb'e  into  a  Plasmodium  is  compared  to  the  conjugation 
of  the  zoo^ondii  of  the  landonnete  then  the  fructificition  uhch  results  from  the 
plasniod  um  must  be  resided  as  a  large  zjgospoie  the  contents  of  which  break  up 
into  a  number  of  spores  like  the  larere  rest  ng  spore  d  Synchi/rmm  They  have  at 
first  it  is  true  no  jower  of  mot  on  but  this  s  quite  a  secondaiy  consideration  if 
regard  is  had  to  the  co  lespondmt;  processes  in  the  Pandonne^ 

■Wfith  reference  to  the  structure  of  tie  thillus  all  the  plants  included  in  this 
class  may  be  termed  un  cellular  the  thillus  consist  ng  of  a  s  ngL  independent  cell 
an  eremoblast  or  when  it  is  multicelluhr  the  separate  cells  are  nevertheless  essen 
tiallj  similar  so  that  thi.  r  union  is  scircelj  necessary  ph)sn.logically  for  the  existence 
of  the  whsle  Such  unions  of  equ  valent  cells  the  product  if  a  single  mother 
cell  sometimes  take  place  only  after  the  individual  cells  have  passed  through 
a  kmd  of  swarming  phase  when  the)  come  to  rest  a  number  f  cells  unite 
to  form  the  so  called  Canokum  and  continue  their  de\elopment  as  a  body  with 
definite  form  This  formation  of  ccenobia  as  t  occurs  in  ^  Irodtciyon  and  Pedi 
aslrum  e\hib  ts  a  certain  anal  igj  not  only  v*  ith  the  process  of  conjugation  generally 
but  with  the  formation  of  plasmodia  m  tlie  Mjxomycetes  in  particular  except  that 
a  Plasmodium  it  regarded  as  a  cccnobium  consisting  of  mas  es  of  naked  protop  asm, 
no  longer  manifests  any  independence  of  the  separate  parts 

The  formation  of  a  tissue  in  tl  e  ordinary  sense  of  the  term  jccurs  onl}  in  a  few 
Alg^  as  Uhthrix  and  some  Conjugatie  in  so  far  that  the  divisions  take  place  in 
one  direction  onl)  and  the  cells  thus  produced  remain  more  or  less  firmly  unrted 
formmg  filaments  m  which  all  the  cells  are  still  perfecth  equivalent  each  one  of  them 
representing  therefore  the  entire  plant  The  predominant  umcellular  character  is 
man  fested  also  m  individual  cells  be  ng  capable  of  a  high  development  especially 
m  the  Conjugate  DiatomaccEe  and  Z}j,om}cetes  This  tendency  is  manifested 
in  the  former  in  the  contents  of  the  celts  and  in  the  peculiar  sculpture  of  the 
cell  i^all  m  the  Zyaomvcetea  m  the  extremely  complicated  branching  while  the 
cell  contents  rema  n  simple 

The  greater  number  of  forms  beIon[,ing  to  the  class  espec  ally  those  which 
contain  chlorophyll  the  Pandormese  Hydrolictyeje  DesmidieEe  and  Diatomacese 
exhibit  in  their  thallus  no  distinction  between  base  and  apex  they  lorm  either 
spherical  or  tabular  ca,nobia  or  rows  of  cells  all  ol  which  multiply  by  division 
without  anj  distinction  between  base  ani  apex  but  in  some  Diatomace'e  and  at 
all  events  in  the  germination  of  the  zjgo  pjres  of  the  Mesocarpese  and  Zygnemeie 
adhesion  takes  place  to  a  substratum  and  hence  a  kind  of  contrast  arises  between 

'  See   b  cfel       Ue  e    D    V     «;    n       u    ro  ie  \bhan  11    dei  Senkenb    Ce  ellseh     vol    ^  II 
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base  and  apex.  This  occurs  in  a  much  higher  degree  in  the  Zygomycetes,  and 
even  in  the  Myxomycetes,  which,  growing  on  a  substratum,  send  up  their  gonidio- 
phores  and  sporocarps  into  the  air, 

A  non-sexual  reproduction  takes  place  universally,  but  in  different  ways.  In 
the  Pandorinese,  DesmidieiE,  and  Diatomacese  every  cell-division  may  be  regarded 
as  a  vegetative  multiplication,  since  every  single  cell  constitutes  an  individual ;  but 
in  the  Hydrodictye^e  and  in  Uhlhrtx  peculiar  zoogonidia  are  formed,  different 
from  the  ordinary  vegetative  cells.  ■  Propagation  by  gonidia  takes  place  however 
in  the  most  perfect  form  in  the  Zygomycetes,  where,  before  the  formation  of  the 
zygospores,  receptacles  are  produced  on  long  stalks  which  develope  endogonidia 
in  vesicular  swellings,  the  so-called  sporangia,  or  conidia  (stylogohidia)  on  branched 
stalks.  In  many  Zygomycetes  the  much-branched  cellular  filament  which  forms 
the  mycelium  may  break  up  under  unfavourable  vital  conditions  into  a  number  of 
spherical  cells  or  gonidia,  each  of  which  may  subsequently  reproduce  the  plant. 

Many  Zygospores  recall  the  Protophyta  in  this  respect,  that  they  have  also  con- 
ditions, during  their  true  vegetative  period,  in  which  they  have  the  power  of  motion  ; 
this  occurs  to  an  especially  high  degree  in  the  Pandorinese  and  Myxomycetes,  much 
less  so  in  some  Conjugatse  and  Diatoraaceie. 


FORMS  CONTAINING  CHLOROPHYLL. 

A,    Conjugation  takes  place  betiueen  motile  celh  {Zooiporeis). 

I.   The   Pandorine*:'^  consist   of  cells   which  are  either  isolated   or   united   into 

ccenobia  by  gelatinous  envelopes ;   the   crenobia  are   either  spherical,  as   in  Stephana- 

iphma,  ellipsoid,  as  in  Pandorina,  or  are  square  plates,  as  in  Gonium.     In  these  states, 

although  surrounded  by  a  cell-wall,  they  have  still  a  power  of  motion,  each  cell  pos- 

sessiag  two   long   cilia  which  protrude  through   the  cell-wall.      The  isolated  cells  of 

Chlamydomimai  and  Cblamydococcui  swim  about  in  this  manner  like  ordinary  zoogonidia; 

th     ce    b       n  th    contrary,  the  cilia  of  all  the  individual  ceLs  project  through  the 

mm  n         I  p         d,  by  their  united  action,  set  the  whole  ctenobium  in  a  twisting 

d       11    i,   m  t  The   course  of  life  of  these  plants  may  be  illustrated  in  two 

Th     g  Cll     ydomonas   consists   of  isolated   zoogonidia  which  multiply  in   the 

g  t  t         t  t    b>  b     Dr  quadri-partition.    But  in  the  sexual  reproduction  the  zoogonidia 

d     d        t  ht         t  le  daughter- cells  each,  provided  with   four  cilia,  differing  from 

th  but  smaller  than  the  mother-cells.     According  to  Rostafinski  these 

11  J  gat  p      isely  the  same  way  as  Pringsheim  has  described  In  the  case  of 

P     d       a  (    d     /    )     the  zygospores  thus  formed  come  to  rest  and  continue  to  grow 

f      som    week        f  then  dried  and  again  placed  in  wafer  they  divide  repeatedly,  and 

f  m         t    g  m  t    nless  families  of  cells  identical  with  the  genus  Pleurococcui  formerly 

pi      dud     PI     11    CK. 

'  Cohn,  Ueber  Chlamydococeus  und  Chlamydomona  Ben  hte  d  schles  Ges.  1S56.  [Ray  Soc, 
Bot.  and  Physiol.  Mem.  (85J.]— Cohn  und  Wi  hura  Ueber  Sepka  0  pkara  flwialis.  Nova  Acta 
Acad,  nat,  curios,  vol.  XXVI.  p.  i.  [Quart.  Journ  Mc  S  1858  p  3  ;  Archer,  ib.,  1865, 
pp.  116-185.]— Pringsheim,  Ueber  PaaniDgderSLhwa  n  p<  n  Mon  be  d  Bediner  Akad.,  Oct. 
1869.  [Ann.desSe.  Nat.  1869,  vol.  XIJ.]—De  Ban  B  Z  g  8  8  p  3— Rostafinski,  Bot.  Zeit. 
1871,  p.  787. 
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In  Pandarina  Moruai  (Fig.  167)  the  coniplete  course  of  development  was  followed 
by  Pringsheim,  this  being  the  first  instance  that  had  been  observed  of  the  conjugation  of 
zoogonidia.  Pandorina  is  one  of  the  commonest  of  the  Pandorinere.  The  sisteen  cells 
of  a  ccenoblum  (Fig.  167,  I)  are  closely  crowded  together,  and  surrounded  by  a  thin 
gelatinous  envelope  out  of  which  the  long  cilia  protrude.  The  non-sexuil  multipli- 
cation results  from  each  of  the  sixteen  cells  breaking  up  into  sixteen  smaller  cells ; 
the  sixteen  daughter-families  (//)  become  free  by  the  absorption  of  the  gelatinous 
envelope  of  the  mother- family  ;  each  daughter-family,  again  surrounded  by  a  gelatinous 
envelope,  grows  to  the  original  size  of  the  mother-family.     The  sexual  reproduction 


is  brought  about  in  exactly  the  same  way,  but  the  gelatinous  envelopes  of  the  young 
families  become  softened,  and  the  separate  cells  are  thus  freed  and  each  swims  about  by 
itself  (///) ;  these  free  zoogonidia  are  of  very  variable  size,  rounded  and  green  at  the 
posterior  end,  pointed,  hyaline,  and  furnished  with  a  red  corpuscle  in  front,  where  they 
bear  the  two  cilia.  Among  the  crowd  of  these  zoogonidia  may  be  seen  some  which 
approach  in  pairs  as  if  they  were  seeking  one  another.  When  they  meet,  their  points 
come  in  contact,  and  they  coalesce  into  a  body  at  first  hour-glass-shaped  (/r),  but 
gradually  contracting  into  a  ball  {F);  in  this  ball  the  two  corpuscles  and  the  four 
cilia  at  the  enlarged  hyaline  spot  are  still  to  be  seen  for  a  time ;    but  these  all  soon 
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disappear.     Some    minutes    after  the  commencement   of 
zygospore  is  a  spherical  cell  (VI),  which 


ijugation  the  resulting 
some  time  enclosed  in 
its  cell-wall,  its  green  colour  passing  over  into  a  brick-red.  If  the  dried-up  zygospores, 
which  have  now  greatly  increased  in  size,  are  placed  in  water,  germination  begins 
after  twenty-four  hours ;  the  outer  shell  of  the  cell-wall  breaks  up,  an  inner  membrane 
protrudes  and  now  contains  one,  two,  or  three  large  zoospores  which  finally  escape 
(VlII,  IX),  surround  themselves,  after  a  short  period  of  swarming,  with  a  gelatinous 
envelope,  and  break  up  by  successive  divisions  into  sixteen  primordial  cells  which 
now  again  form  a  ccenobium  like  Fig.  i. 

A  further  illustration  of  the  course  of  development  in  the  Pandorines  is  furnished 
hf  Stephanosphara  plti-vtalii,  one  of  the  rarest  and  most  beautiful  of  the  family  (Fig.  168), 
occurring  rarely  m  the  rain-water  which  collects  in  the  hollow  of  large  stones. 
The  process  of  vegetative  reproduction  is  the  same  as  in  Pandorina;  but,  according 
to  Cohn  and  'Wichuri,  the  succession  ot  generations  of  this  kind  is  interrupted  by 
the  cells  belonging  to  a  family  dividing  repeatedly  (Fig,  168,  XII)  into  zoogonidia 
which   ultimately  becomt,   free   (\ni),  and   probabh   produce   resting   zygospores   by 


conjugation  after  the  manner  of  faM^orina.  It  is  stated  by  the  observers  above-named 
that  stationary  immotile  balls  (J)  accumulate  at  the  bottom  of  the  water  which,  as  they 
grow,  assume  a  red  colour.  After  these  resting-cells,  which  are  probably  zygospores, 
have  lain  for  some  time  dry  and  then  again  been  moistened,  they  germinate,  the  contents 
breaking  up  into  from  4  to  8  zoospores  (II^F)  which  invest  themselves  with  a  cell- 
wall,  and  each  gives  rise,  in  a  single  day  by  successive  division  (VII— IX),  to  i 
eight-cell  ccenobium  {X,  XI),  which  again  in 
motile  families'. 

a.  The  nearest  allies  to  the  Pandorinea:  ar 
shown  by  their  formation  of  ccenobla,  and  still  t 
velopment,  which  Pringsheim '  first  described  ii 
the  zoogonidia  has  in  this  case  also  not  been  a 


the   next   night   gives  birth  to   eight 

■  probably  the  HYDRODiCTYRffi,  as  is 
lore  by  the  whole  course  of  their  de- 
detail.  Although  the  conjugation  of 
:tually  observed,  they  offer  a  striking 


'  [Archer  has  described 
oi  Stephanosphara  undergo.] 

=  Pringsheim,  Mon.  der  konigl.  Akad.  der  Wiss,  zu  Berli 
Nat.  i85o.  vol.  XIV;  Quart.  Joum.  Micr.  Sc.  1862,  pp.  54,  10 
\\  146  ;  Ray  Soc.  Bot.  and  rhysiol.  Mem.  1853,  pp.  13?,  I90,  sci 


pp.  ;,  8,  a  remarkable  amteboid  phase  which  the  primordial  cells 


Dec.  13.  i860.     [Ann.  dcs   Sc. 
See  also  A.  Braun,  Verjuiigung, 
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resemblance  in  their  mode  of  origin  and  subsequent  development  to  those  of  the 
Pandorinei.  When  the  etenobia  multipl)',  a  large  number  of  zoogonidia  are  formed 
in  each  mother-cell,  within  which  they  move  about  for  some  time ;  when  they  come 
to  rest  they  congregate  in  some  definite  arrangement,  and  then  continue  their  develop- 
ment unitedly,  eventually  again  multiplying  in  the  same  way,  as  for  instance  in  Pediastrum 
(Fig.  169).     In  Hydrodktyan  utrkulalum,  which  occurs  occasionally  in  ditches,  the  mature 


plant  or  ccenobium  consists  of  a  sac-like  net  several  centimetres  long,  which  is  composed 
of  a  great  number  of  cylindrical  cells  united  at  their  ends  so  as  to  form  a  four-  or  sis- 
cornered  mesh.  The  ordinary  mode  of  reproduction  consists  in  the  green  contents 
of  one  of  the  cells  of  the  net  breaking  up  into  from  7,000  to  20,000  zoogonidia  which 
move  about  with  a  trembling  motion  within  the  wall  of  the  mother-cell,  come  to  rest  in 
the  course  of  half-an-hour,  and  then  arrange  themselves  in  such  a  way  that,  by  their 
elongation,  they  again  form  a  net  of  the  original  kind  which  is  set  free  by  the  absorption 
of  the  wall  of  the  mother-cell,  and  attains,  in  the  course  of  three  or  four  weeks,  the  size 
of  the  mother-plant.  In  other  cells  of  the  mature  net  the  green  contents  break  up 
into  from  30,000  to  100,000  microzoogonidia  which  at  once  leave  the  mother-celt  and 
swarm  about  for  some  hours.  The  hypothesis  has  not  yet  however  been  confirmed 
that  conjugation  then  takes  place  between  these  zoogonidia';  but  when  they  come  to 
rest  they  are  spherical,  invested  with  a  firm  cell-wall,  and  may  retain  their  vitality  for 
months  when  dried  up  if  protected  from  light.  After  remaining  several  months  at  rest 
these  resting-spores  begin  to  grow  slowly,  and  after  they  have  attained  a  considerable 
size  their  contents  break  up  into  two  or  four  large  zoospores  which  come  to  rest 
after  a  few  minutes,  and  assume  a  peculiar  angular  form  when  they  have  reached  a 
considerable  size,  putting  out  horn-like  appendages.  In  each  of  these  so-called  paly- 
hedra  the  green  parietal  protoplasm  again  breaks  up  into  zoogonidia  which  move  about 
for  20  or  40  minutes  within  a  sac  which  protrudes  out  of  the  polyhedron.  When  come 
to  rest  they  arrange  themselves  iato  a  sac-like  net  consisting  of  from  200  to  300 
cells,  but  in  other  respects  resembling  one  of  the  ordinary  ones.  In  some  of  the 
polyhedra  smaller   and   more   numerous  zoogonidia  are   formed,  but  these  also  unite 
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J.  Ulothrichaceje.  Differing  in  many  respects  from  the  Pandorineic  and  Hydrodic-- 
tyes  is  the  genus  Ulolhrix,  an  Alga  consisting  of  segmented  filaments  composed  of  cells 
which  are  all  alike.  It  is  mentioned  in  this  connection  only  because  it  Is  characterised 
by  the  conjugation  of  equivalent  zoogonidia.  Cramer  states'  that  the  contents  of 
some  of  the  individual  cells  of  a  filament  breali  up  into  two,  four,  or  eight  zoogonidia 
which  immediately  germinate  and  produce  new  filaments.  Other  of  the  cells,  on  the 
other  hand,  give  birth  to  16  or  ja  microzoogonidia  which,  after  escaping,  conjugate 
exactly  like  those  of  Pandor'ma.  Nothing  is  known  of  the  development  of  the  zygo- 
spores. It  Is  questionable  whether  Ulothrix  is  not  more  nearly  related  to  Spharoflea 
among  the  Oosporete,  and  whether  the  conjugation  of  the  zoogonidia  is  not  to  be 
regarded  as  a  simpler  case  of  the  formation  of  oospores  which  occurs  in  the  latter*. 
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or  two  cells  of  contiguous  filaments  come  into  contact  by  knee-like  projections ;  the  parts 
of  the  walls  which  are  in  contact  become  absorbed  and  a  broad  canal  b  formed  in 
which  the  protoplasm  of  the  two  conjugating  cells  collects;  the  canal  then  becomes 
shut  off  by  two  or  four  transverse  septa  and  constitutes  the  zygospore.  This  mode  of 
production  of  zygospores  is  clearly  analogous  to  similar  processes  in  the  Zygoniycetes. 
On  germination  the  zygospore  produces  at  once  a  segmented  filament,  the  end  that 
remains  in  the  spore  forming  its  base  and  the  exposed  end  its  apex.     This  contrast  is 

t  h  p  rm  n    t      II  tl        II       bseq      tly  mul  ply  b)  tran      rs    d  T 

thtinlyblgthg  M        if      C  p  A  St         p 

(  )    Th     Zygnem  ee  t     I        f     jl    dn    I      gm    t  d   fil         ts  w  th    th 

hi      ph  II  g  d         t     ght  pip      tibd  trspl      d        p 

L    J  g  k       pi        b  tw         t        p     11  I   fil         t      th        d     lu  I       II     p  t 

t     pp     t  J  f,  t       p    t  1  I        F  g     5       d  6    p       )     h   h  tu  lly 

t      h  tl  h       tl       bso  pt  t  th        II      U      t  th     p      t     f        t    t 

f  w  IS  b         f       II       f  t         hi  m     t.  lly         J   g  le 

t  th  t         th       h  I    f    m        I  dd     I  k      t      t  n     h   h  th     ru  gs 

p         t    I  I)  th  I       Att      tl     1  n  1  th  jug  t    t,  I  th    p    t 


'  Cramer,  Naturfor.  Gesellscb.  in  Zurich,  Match  2i5t,  1870. 

'  [A.  Dodel  (Jahrb.  fur  wiss,  Bot.  1876,  vol.  X.  Heft  4)  has  described  m  detail  the  germination 
of  the  zygospores  of  Ulolhrix.  The  whole  course  of  development  presents  a  striking  analogy  to 
that  of  HydTodiclyan.  Dodel  has,  like  Areschoug,  observed  occasional  conjugation  between  the 
microzoogonidia ;  if  these  do  not  conjugate,  they  then  propagate  themselves  non-sexually  like  the 
macrozoogonidia.] 

'  De  Baiy,  Untersuchungen  uber  die  Familie  dtr  Conjagaten,  1858.  [See  also  Hassall,  Hist. 
Brit.  Freshwater  Algre,  1845;  Witlrock  on  Mesocarpe^ ;  Qiiart.  Jonm.  Micr.  Sc.  1873,  p.  i?j. 
Besides  the  modes  of  conjugation  described  in  the  text,  contiguous  cells  of  the  some  filament  conju- 
gate by  lateral  processes  both  in  Misocarjea  and  Zygaemeie.'] 
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plasmic  bodies  of  the  two  cells  cont      t             f    1         p  gh  the  canal  [nto  the 

other,  and  the  two  coalesce   into               <!     )  P                 t  d       th  a  thick  cell-wall 

consisting  of  several  layers  which  I             h      th  m     h  1    g  th   r-eell,  and  which 

germinates  only  after  a  period  of  re  t(Fg     7)  I    th    Zj^  m      there  is  also  at  first 


a  contrast  in  the  young  plant  betw 

the  cells  behaving  exactly  alike    d       g   g 

Spirogyra,  Mougeotia,  Sirogomum,  and  2>f  g 

{3)  The  Desmidieie '  consist  of      II    wh 
easily  break  up  and  are  imbedded 
fusiform,  sometimes  furnished  with  1         I  k 
they  have  a  circular  or  elliptical  out!  d 

symmetrical  halves.     Even  where  th 
divided  symmetrically  in  the  inter  i  th 

o-called  chloroph;  U-vesicles  [amyh 


s  disappears,  all 
th       Am     g   th     g     era  are  Zygnema, 


less    ften  ii 


which 

Th         II  ther  cylindrical  or 

>p  d  ges  (iS  dm);  in  other  cases 
d  d  d  by  deep  striction  into  two 
h  t     t         th      hlorophyll-body  is 

11,        th      ym      t  J       indicated  by  the 
bodies]  ^  and  the  distribution  of  the  starch -grains. 


In  accordance  with  this  symmetrical  structure  the  vegetative  propagation  of  the  cells 
(individuals)  is  effected  by  the  formation  of  a  septum  in  the  plane  of  symmetry  or 
within  the  constriction  which  splits  into  two  lamella  and  divides  the  cell  into  two  halves. 
Growth  at  the  point  of  separation  then  produces  a  segment  which  restores  the  symmetry. 
The  mode  of  formation  of  the  zygospores  is  similar  to  that  In  the  Zygneme^ ;  but  in  the 


simplest  forms,  as  Cylindrocyjtis  and  Meiotanium,  where  the  conjugating  individuals  are 
of  very  simple  form,  conjugation  appears  to  be  nothing  but  a  coalescence,  altogether 
similar  to  that  of  the  zoogontdia  of  Fandorina.  The  zygospore  either  germinates 
directly  or  divides  into  two  or  four  daughter-cells,  each  of  which  repeats  the  vegetative 
mode  of  reproduction  already  described.  In  the  last-named  case  we  may  consider,  as 
in  Pandorina,  the  zygospore  to  be  a  fructification  which  produces  several  spores  in  the 
sense  in  which  the  term  is  used  in  the  MuscineEe ;  and  we  may  here  again  have  an 
indication  of  an  alternation  of  generations. 

These  processes  may  now  be  explained  more  in  detail  in  the  case  of  Coimarium 
Bctryth  {Fig.  171),  as  described  by  De  Bary  (I.e.).  The  cells  live  isolated,  and  are 
symmetrically  bisected  by  3  deep  constriction  (Fig.  171,  X),  and  are  also  compressed 

'  [See  also  Ralfs,  British  DesmidieBc,  1848.— Archer  in  Ptitchard'a  Infnsoria.] 
'  [Strasburger  has  shown  (Zelltheilang  und  Zellbildung,  2"  And.  p.  83)   that   the   structure 
sxisling  in  the  chlorophyll-bodies  of  Zygnema  and  Spirogyra  are  true  chlorophyll -granules  in  which 
[lumerous  starch-grains  are  pUced  concentrically  so  as  to  form  a  layer  at  the  surface.     These  struc- 
tures are  identical  with  those  mentioned  above  as  chlorophyll -vesicles  and  amylum-bodies.] 
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at  right  angles  lo  the  plane  of  constriction  (I,  a);  in  each  I  all  cdl  a  e  two  ani)lum- 
bodies  and  eight  chlorophyll-plates,  which  curve  and,  runn  ng  from  t  vo  centres  to  the 
wall,  converge  in  pairs.  The  multiplication  of  the  cells  by  divis  on  s  brought  about 
by  the  narrowest  part  of  the  constriction  elongating  a  little  when  the  thicker  outer 
layer  of  the  cell-wall  opens  by  a  circular  fissure ;  the  two  halves  of  the  cell  hence  appear 
separated  from  one  another  and  united  by  a  short  canal,  the  wall  of  wh  ch  is  a  con- 
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h  If 

II 
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arrange  them- 

selves  in  the  original  symmetrical  manner.  Conjugation  takes  place  between  cSUs 
lying  in  pairs  in  a  crossed  position  enclosed  in  soft  Jelly  (Fig.  171,  /).  Each  of  the  two 
cells  puts  out  from  its  centre  a  conjugating  protuberance  (7,  c)  which  meets  the  other ; 
these  protuberances  are  formed  of  a  delicate  membrane  which  is  a  continuation  of  the 
inner  layer  of  the  cell,  the  firm  outer  layer  of  which  is  split  (/,  c).  Each  of  the 
two  protuberances  swells  up  into  a  hemispherical  bladder,  they  come  into  contact, 
the  separating  wall  disappears,  and  the  contents  unite  in  the  broad  cana!  thus 
formed;  the  protoplasm  becomes  loosened  from  the  cell-wall,  and  contracts  into  a 
spherical  form.  The  united  protoplasmic  body  appears  as  if  surrounded  by  a  delicate 
gelatinous  wall  {U,  f)  by  the  side  of  which  lie  the  empty  cell-walls  {II,  e,  h).  The 
zygospore  now  becomes  rounded  into  a  ball;  its  wall  forms,  as  it  matures,  three  layers, 
an  outer  and  an  inner  colourless  layer  of  cellulose,  and  a  middle  firmer  brown  layer. 
This  stratified  cell-wall  grows  out  at  several  points  into  spiny  protuberances  which 
are  at  first  hollow  and  afterwards  solid,  each  of  them  again  producing  at  its  end  a  few- 
smaller  teeth  (7/7).  The  stai-ch-grains  of  the  conjugating  cells  become  transformed  into 
oil  in  the  zygospore.  Germination  commences  by  the  protrusion  of  the  colourless  inner 
layer  through  a  wide  split  in  the  outer  layer  {IV),  the  thin-walled  ball  thus  set  free 
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considerabli"  exceeding  the  zygospore  itself  in  si/.e.  In  the  contents  of  this  sphere  {F) 
may  be  recognised  two  chlorophyll  -  masses  suri-ounded  by  oily  protoplasm,  which 
might  have  been  distinguished  even  before  their  escape  from  the  external  layer  of  the 
ygosp  Th  t     t         w     ontract  and  become  surrounded  by  a  new  wall  (r) 

t     m      h    h  th       Id  II  d  t     hes  itself  as  a  delicate  vesicle.     After  some  time  the 

p    t  plasm  be  t     t  d  by  a  circular  furrow,  and  splits  into  two  hemispheres, 

i      f  wh    h  t  t  the  two   chlorophyll-masses  {FI).     Each  hemisphere 

f  t  m         k  d        d     gain  constricts  itself;  but  this  time  the  constriction 

d  t      i  t     th  t        the  hemisphere  changes  its  form  in  other  respects 

also,  and  each  assumes  the  form  of  a  symmetrically  divided  Coimarium~ce\\  (FII),  which 
surrounds  itself  with  a  wall  of  its  own.  The  planes  of  constriction  of  the  two  cells 
derived  from  the  zygospore  cut  the  dividing  plane  of  the  zygospore  itself  at  right  angles ; 
they  themselves  also  lie  crossed  in  the  mother-cell  at  right  angles  to  one  another.  The 
contents  in  each  now  arrange  themselves  in  the  manner  above  described ;  the  mother- 
cell-wall  is  absorbed  and  the  new  cells  separate  from  one  another.  All  these  processes 
of  germination  are  completed  in  one  or  two  days.  The  new  cells,  whose  outer  wall  is 
smooth,  now  divide  in  the  usual  manner,  but  the  newly-grown  halves  increase  in  si/e 
and  become  rough  on  the  outside  (FIII—X) ;  the  two  daughter- cells  of  each  of  the 
two  cells  produced  from  the  zygospore  have  dissimilar  halves,  and  the  four  cells  pro- 
duced by  their  further  bipartition  are  therefore  of  two  different  forms :  two  have  their 
halves  equal  and  two  unequal ;  the  latter  constantly  produce  by  division  one  with 
equal  and  one  with  unequal  halves, 

(b)  The  DiATOMACE*: '  (Bacillarieae),  a  group  extremely  rich  in  species,  follow  natu- 
rally after  the  DesmidieK ;  in  particular  they  are  allied  to  the  Conjugatae  by  processes 
of  development  which  correspond  to  the  conjugation  of  the  latter,  or  at  least  bear 
a  certain  resemblance  to  it^.  They  bear  a  special  resemblance  to  the  Desmidieie  in  the 
form  of  their  cells,  in  the  manner  of  division,  and  in  the  mode  of  completion  of  the 
daughter-cells.    Like  the  DsmdKth      ml         11     fthDt  x       ybenitd 

into  rows,  or  may  live  ent     ly       ltd     Th    tdyfDt        t  t  It 

jelly  in  which  they  live  s       lly       "       "    " 
played.    In  the  same  man 
to  those  of  Desmids,  and 
in  the  former,  is  found,  th 
and  the  fine  sculpturing  of  th 
form,  in  the  cell-wall  of  s  n 
CoiiJngatEe,  in  which  chk 
is   also   found   in   granule 
chlorophyll-granules  ofthF  ^bybffl         dbt  Dtmn         Ph> 

coxanthin'.     One   of  the  most   pm        tpltesfDtn  t  th 

silicified  cell-wall  being  con  pdft  ptdlal  lest        qlg      f 

which  the  older  one  part    lly  1  pes  th    >       g      1  k     th    1  d     f      b         Wh  n 

the  cell  begins  to  divide,  th        I  p      t    1    n  h  d    it      th    d 

of  the  contents  into  two  d     ght  II  h     f  th  m  t  rm  I  )         t  Ih     pi 

of  division  which  is  adjusted  by   t    t  n    d        m    g      (th     g   dl  J  t     th     g   dl       f    h 

•  Luders,  Ueber  Organisat        Thlg      dCpl  dD       meeBoZg86   — 

Millardet  and  Kraus  discuss  th  1         g  m  m  C  mp    re  d       1  LXVI  p  s    —A  k 

in  Bot.  Zeit,  1869,  p.  799.— Pfitze         H  ns  em     B  t    A.bh     dl    H  ft  II     87     g         h 
portant  contribution  to  our  knowledge  of  the  Bacillaries.     [Quait.  Joum,  Micr.  Sc,  187^,  1873.]— 
Borscow,  die  Siiswas^r-baciilatiaceen  Russlttnds,  1873. 

'  [Thwaites  first  discovered  the  conjugation  of  the  Diatomacese,  Ann.  Nat.  Hist.  1847, 
vol.  XX;  see  also  Carter,  Ann.  and  Mag.  Nat.  Hist.  1856.— Schmiti,  Quart.  Joum,  Micr.  Sc, 
1873,  p.  laS. — &nilh,  Synopsis  of  British  Diatomaces,] 

'  [Fiaaularia  iiiridie  and  Syntdia  spleadens  a.re  green.  Navicula  fusJ/ormh  var.  ostrenria  is  cobalt 
blue  and  communicates  a  green  colour  to  the  oj'sters  which  feed  on  il ;  Nature,  vol.  XVI.  p,  3(17.] 


th 

m     t      f  D    t  m                t    It  g  th 

th 

1     h    ti         fth        11       11       h    h 

ght 

m  11          t    t        C/          m       1    th 

1     K> 

h  11    Iso  fi  d              1  g        1th     gh 

Des 

ds     Th    D   t  n            th        1>  Alf,K 

plyil 

pi  t        nd  bai  d     b  t    n      n 

d  th 

gr            I         g        tt                      1 

vGooqIc 


ZFGOSPOREJE.  261 

old  valve  of  the  mother-cell;  this  latter      t     d     1  k    th     1  d    f     h  tl  \y 

formed  valve;   and   the  two  valves  of  th     tw     d     ght    -c  11     1  t  th 

Since,  according  to  Pfitzer,  the  silicious  vl  hhh  tso  g         mtt 

do  not  grow,  it  is  clear  that  the  new      II     m    t       nst    tij  b      m      m  11      f    m 
generation  to   generation.     When  they  h         th         tt        d  t         m 

large   cells,  the   Auxoipores,   are   suddenl     f        ed     th  t     t       f  th       mall       11 

leaving  the  silicious  valves  which  fall   ap    t  as        th         mply   bj   g        th         by 

both  growth  and   conjugation.     After  th     th  p  rr       d   th         1         w  th 

new  valves,    ^ince  the  large  auxospor  f  sora  whtdfl        thpet     th 

smaller  mother-cells  and  primary  mothe       11     th    first    esult     t  th       di  m    t 

necessarily  be  cells  of  a  different  form      d      th        q    I  h  1        a^       th    Desm  d 
The  formation  of  the  aiisospores  has  b         m  tly  1  II        d       t       ly  f  w 

cases.     It  would  appear  that  they  are  fo        d  ydfl         t       jfmt  fm 

one  mother-cell,  singly  or  in  pairs,  and       th  ht         J},t  tly  Ik 

only  in  so  far  that  their  size  greatly  es      d    th  t     f  th  th  II      It  has    1      dy 

been  mentioned  that,  according  to  the  t  h        1       h     t  th  f 

Cocconema  Ciiiula,  the  auxospores  are  pr  d       d  by  t  11    1  y    g  th  m    1  es  p      11  1 

side  by  side  and  allowing  their  contents  t  p    by  th      p       g    t  th    t  I         th 

cell-contents  then  commence  growing      p  dl         tl      t       m    g       t     llj       t  ta  t 

and  a  pair  of  auxospores  is  thus  formed      D    t  m  f       d  m  mb         t 

the  bottom  both  of  the  sea  and  of  fresh       t  d    tt     h  d  t     th        bm  rg  d  p  rt      f 

other  plants.    Besides  the  ordinary  rotat         f  prot  pi    m       th  t  th  j     Iso 

exhibit  a  creeping  motion  by  means  of  \ih   h  tl    j  I  h    d  bod  p    h   m  11 

granules  along  their  surface.     This  occ  rs       ly  Id  I     g  th     1     gth     f 

the  cell-wall,  in  which  Schultze'  suppo  hi      th       gh  wh   h  th     p 

toplasm  protrudes;  and  this,  although        t  j  t       t     lly  p    b  Uy         as  th 

creeping  motion, 

FORMS  NOT    CONTAINING   CHLOROPHYLL. 

A,    Canjugatioit  takei  place  betiueeti  motile  cells  (myxoamceb<e). 

The  MvxoMYCETES^  differ  so  greatly  in  esternal  appearance  from  the  rest  of  the 
Thallophytes  that  they  have  been  by  some  altogether  separated  by  the  vegetable 
kingdom.  But  if  attention  be  directed  not  so  much  to  the  peculiarities  of  their  external 
appearance  as  to  those  points  in  each.stage  of  their  development  which  are  important  from 
3  morphological  point  of  view,  and  especially  to  the  fact  that  the  formation  of  a  cell-wall 
is  a  point  only  of  secondary  importance  in  the  lower  Thallophytes  generally,  it  becomes 
clear  that  the  Myxomycetes  are  allied  in  all  essential  points  to  the  Pandorine*;  and 
even  if  their  mode  of  life  is  so  remarkably  different  fiMm  that  of  this  group  of  plants,  the 
chief  cause  of  this  is  that  they  do  not,  like  them,  live  in  water,  but  in  the  interstices  of 
moist  substrata,  in  consequence  of  which  their  motion  is  necessarily  of  a  very  different 
kind  from  that  of  the  Pandorineie.  In  place  of  swimming  and  rotating,  we  have  in  the 
Myxomycetes  a  creeping  of  amceboid  masses  of  protoplasm  such  as  alone  is  practicable 
on  the  substratum  on  which  they  grow.  It  is  impossible,  in  the  space  we  have  here  at 
command,  to  go  into  these  relationships  more  in  detail ;  it  must  suffice  to  trace  the 
main  points  in  the  history  of  their  development,  and  to  point  out,  in  passing,  the  most 
important  analogies. 

'  [See  Pop.  Scl,  Rev,  1866.  p.  395— Engelraann,  Bot.  Zeit.  i%^g,  p.  4y.] 

'  De  Bary,  Die  Mycetozoen,  1864.  [Ann.  Nat.  Hist,  i860,  vol.  V,  p.  333.]— Cienkowski  in 
Jabrb.  fur  wiss.  Bot.  voi.  Ill,  pp.  325,  400.— Breteld,  Ueber  Diclyoslelium  mucoroides,  1869,  Abhnndl. 
der  Senkenberg.  Gesellsch..  vol.  VII.— Rostafinsky,  Versuch  eines  Systems  der  Mycetozoen,  1873.— 
Brefeia,  Ueber  itfucor  racemotus  und  Hefe,  Flora  1^73  tlatter  part  of  the  article). 


vGooqIc 


263 


THALLOPHFTES. 


The  Myxomycetes  generally  fizst  mate  themselves  visible  at  the  time  when  they 
emerge  from  their  porous  substratum,  and  form  their  comparatively  large  fructification. 
The  largest  of  these  are  the  sulphur-yellow  bodies  which  appear  in  summer  on  tan 
heaps,  and  which  are  known  nder  the  name  ot  FlowesofTan  (  ^  ta/ a  ipt  un) 
those  of  Lycagala,  which  are  tound  on  the  stu  nps  of  rees  ire  of  the  s  ze  and  form  of 
hazel-nuts.  In  most  other  Myxomyeetes  the  fruet  licat  on  s  a  snail  stalked  ca]  uie 
containing,  like  those  already  n  ent  one  1  an  enormo  s  nu  ber  of  n  ute  round  sh 
thick-walied  spores.  When  these  capaules  burst  other  structures  olten  ake  tl  e  r 
appearance,  to  which  the  ter  Caf  U  um  has  been  g  ten  —cap  llary  t  bts  or  threads 
often  united  together  in  a  reticukte  or  lattice-like  manner,  to  the  origm  ol  which  we 
shall  recur  presently  (Fig.  172,  C).  In  the  simplest  form  at  present  known,  Ditlyojtelium 
mucoroidei  discovered  by  Brefeld,  not  only  is  the  capillitium  wanting,  but  also  the  outer 
wall  of  the  fructification,  which  consists  only  of  a  stalk  composed  of  parenchymatous 


II      nit        oundish  mass  of  spores.     It  is  instructive  to  d\    11        th  pi    t  f 

f  th     My  o    ycetes   in   order   to   arrive   at   an   understand    g     f     h  y  t  m  t 

p     t  Th     spores  of  Diclyostelium  will  develope  on  the  st  f,       f  th     m  ] 

n  aq  decoction  of  rabbit's  dung,  and  produce  ripe  I       t  fi     t  tt  n 

d  >     b         th  the  eye  of  the  observer.     When  the  spores  gem       t      th         t       p 
t  pi    m      t         I     of  them    escapes    from   the   ruptured    waH,  p       b     t       th 

amosboid  motion,  absorbs  nutriment,  and  grows.      It   cannot   b      d     bt   i   th  t   tl 
amceboid  bodies   must   be  regarded  as  zoogonidia,  only  differ    g  f  d      ry 

in  their  mode  of  motion.     After  they  have  increased  considerably  th 

of  several  days,  they  divide,  and  multiply  repeatedly  in  this  wy       pocsswh    hm 
unquestionably  be  compared  directly  with  the  vegetative  propag  t  f  Ct!  myd 

and  indirectly  also  with  that  of  Pandorina.     The  nucleus  of  th  se  b  d  bseq       t 


disappears,  their  ii 


2  sluggish,  and  conjugal 
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creep  about  in  troops,  cimu  into  close  contact  with  one  another,  and  finally  coalesce 
into  large  lumps.  As  soon  as  one  of  these  lumps  is  formed,  the  rest  collect  from  3I! 
tides  round  it  as  a  centre,  coalesce  with  It,  and  increase  in  this  manner  the  mass  of 
protoplasm  which  then  becomes  more  and  more  rounded  off.  There  is  every  reason 
to  believe  that  this  collective  union  of  zoogonidia  is  a  conjugation  and  therefore  a 
sexual  act,  in  the  same  sense  as  the  conjugation  of  the  zoogonidia  of  the  Pando- 
rinese ;  and  the  large  mass  of  protoplasm  formed  in  this  way,  which  is  called  3  Plaimo- 
ilmm,  must  therefore  be  treated  as  the  analogue  of  the  zygospore.  The  only  diiference 
is  that  in  this  case  the  zygospore  does  not  become  invested  with  a  cell-wall  nor  go 
through  a  period  of  re&t,  but  at  once  undergoes  further  development,  becoming 
transformed  into  a  stalked  fructification  which  produces  a  large  number  of  spores. 
In  accordance  with  their  mode  of  origin  these  spores  may  be  compared  not  merely 
with  the  zoospores  developed  from  the  zygospore  of  Pandorina,  but  also  with  the 
ascopores  of  the  Ascomyeetes,  and  even  with  the  spores  of  the  Muscinefe,  The 
formation  of  this  fructification  out  of  the  roundish  Plasmodium  of  DUtjoitelium  com- 
mences with  the  production  in  its  centre  by  free  cell-formation  of  a  number  of  cells 
each  surrounded  by  a  cell-wall  of  cellulose,  which  unite  into  a  parenchymatous  tissue 
forming  in  the  interior  of  the  Plasmo- 
dium a  column  or  stalk  standing  erect 
on  the  substratum.  As  this  column  con-  ■ 
tmues  to  grow  m  height  the  rest  ot  the 
protoplasm  which  surrounds  it  creeps 
up  it  and  collects  at  its  summit  inti 
a  ro„„d  lump  the  enlm  .ntetanc.  of  ^^  ^ 
which  now  breiks  up  into  a  number  ot  ,^^B  >^^^W! 
spores  This  example  tumishes  the 
SI  nplest  case  of  the  course  of  de%el©p 
ment  of  a  MyiiOmycete  In  most  other 
initancea  it  is  much  more  compl  eatcd 
the  development  being  more  complete, 
and  a  reduction  to  this  plan  becoming 
constaith  more  difficult  But  the  first  ,  J;";  J*7f*^j°™  af*MimV^rii™T^^  thtsamttn 
stige  of  the  development  is  essentially  hefonnoraMK^ondumpovdEdwiihariiiun  67att  ohot 
the  same  in  all  Myvomycetes  Each  ^|^^  ^"n, '"  'oaJ^ence  o  e  am-e  o  ss  11  a  smai 
•ipore  giies  birth  to  from  one  to  eight 

amffiboid  bodies  which  giow  and  multiply  by  repeated  division  s  ibsequently  coalesting 
with  one  another  in  large  numbers  ind  producmg  plasmodia  The  plasn  odia  of  otler 
Myxomycetes  however  do  not  at  oice  produce  fructifications,  but  maintain  for  a 
lon),er  period  an  ndepende  it  lite  creeping  about  in  the  moist  interstices  of  their 
substratum  as  for  example,  the  yellow  plasmodii  inside  t  tin  heap  which  at  length 
come  to  the  surface  and  then  coalesce  into  the  large  bodies  which  are  known  as 
flowers  of  tan  Other  plasmodia  creep  about  for  3  time  on  rotten  wtod  or  among 
decaying  leaves  at  length  in  the  sai  e  way  reaching  the  sui&ce  and  then  usually 
producing  siirnltaneously  a  number  ot  fructificat  ons  Fie  172  -^  may  give  an  idea  of 
the  mode  in  which  net  hke  structurea  are  produced  by  these  motions  of  the  plasnodia. 
The  substance  of  the  pbsn  odium  is  thin  and  granular  in  the  ulterior  and  bounded  on 
the  outside  by  a  homogeneous  pell  cle  tt  is  constantly  changing  its  form  protuberances 
arise  3t  various  spots  which  mo^e  onwards  with  a  flowing  and  creepmg  motion,  ramify, 
and  anastomose  with  one  another,  while  the  substance  flows  into  them  from  behind, 
and  in  this  manner  enables  the  entire  structure  to  creep  gradually  forwards.  Imme- 
diately before  the  period  when  the  fructification  is  produced,  a  tendency  is  manifested 
to  creep  up  erect  bodies,  so  that  finally  the  fructification  is  frequently  found  on 
plants,  stems,  or  leaves  at  a  eoa^iderable  distance  from  the  original  nutrient  sub- 
stratum.    At  this  period  the  Plasmodium  collects  at  certain  spots,  and  forms  either 
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b      d      k  th      fl  ft  k  as      d    t,      tK       th      h    h  g    d     II)' 

th     t  f  th     m  t        f      t  fi    t  Uy        t  Ik  d    ph        1  lb 

hpdbly  pitb        th  thfhh       g       nil)       mpl  t  d  f  w 

h  It  has     I      d     b         m    t        i  th  t  th       pe  fn   t  h    t  II) 

d  d  by      fi  1!       d  th  t    t     ft  t         th        -c  II  d      p  11 1  th 

C     t   es     f     h   h  !     th  p  ^    th      th        11    f  th     tr\  t  h    t 

th      cap  II  t  posed     f      11  1  th     f     t    t  Ik    wh    h  Uy 

h  11  t         t      th      b        pposed  th  t  th       b  t  f  th     pi    m  d    m     Iter    t 

h        Id  mdth        t       Itrmtthftfit        b  dfl"       ttd 

ttdttbt  tlhb  hdd  yt 

p  n   I      t  bes       d      I  d  th      ds       d  tl       f  th      t  Ik  th        II     f  th    fru  t  fi 

t  d  th        p  11 1  h  1    th         t     f  th     p    t  pi    m      h   h  his  th        p     ty 

ttrth       d       Ipmthk       pt  11  dpt  wlhb       m  estd 

th       11  w  11        d  th      f    m  t!       po  Th        b  t  f  th         11       d     f  th 

p  11 1    m  p      1     th      t  B    f  U  1       p      t  d       t    t     th  p  bl 

f    w  11    g  wh    h  fill      p  th      p.        bet  th  d  th  d    ph  f  th 

M  Ithp  ft  llfmt         Ibhhthaspesfth 

A      my    te^        p  od      d  th         ft  th     tl     as  1      bl    p    t 

ft         tthh        b        1        tdptdt        t        tthi;        pt         tp 
p  bl      f  g  t 

I     th    diff       t   t         t  th    p    t  pi  f  th    pi    m  d    m      t      p  d      t 

th         p    f  (    p  II  t    m        1        II     f  tl      fn    t  fi     t      )      h    h   t  k  p  rt         th 

f  rth      I      1  pm     t     th     p  rt  t  th  tthh  1       f     p    p  se      f 

pdt  lb  Imtddpllyl  hh         fl  td 

Igqtt  thf  ffig         1         fl  bt         dth         II  b 

t  h    h        t         1  fl  k      th    f-u  tfi    t  fth      fl  ft 

It  t  b       dd  d  1  th  t       d      f         rabi        t  1  d  t  b  th   th 

separate  zoogonidia  and  the  young  or  old  plasmodia  pass  into  a  resting-state,  the  former 
simply  becoming  invested  by  a  cell-wall,  the  latter  becoming  transformed  into  masses 
of  cells  ^ 


B.    Conjugation  lakes  place  betiiieen  iSalknary  cells. 

In  th     /     ojiYCETES^  the  vegetative  body,  which,  as  in  all  Thallophytes  des- 

ttut       f    hi       phyll  (Fungi),  is  termed  the  mycelium,  consists  of  3  ramified  hollow 

t  b  I  li  (F  g.  174  B,  m),  in  which  septa  only  appear  when  it  is  fully  mature  and 

dy  f  1  or  non-sexual  propagation.     The  ramifications  of  this  mycelium   all 

ong  nat     fr        a  single   germinating  filament  which   is  developed   from  a  non-sexual 

P  od     tl  li   (conidium),  and   may,  in   the   course   of  a  few  days,  cover  with  a 

'  The  term  Mthalium  U  given  by  Rostafinslti  lo  those  large  fructifications  produced  by  the  co- 
alescence of  several  simple  ones,  and  which  are  therefore  synearps.  as  in  the  case  of '  flowers  of  tan,' 

'  On  the  CliytridliiBSB,  which  ate  perhaps  allied  lo  the  Mynomycetes,  see  Brano,  Abhandl,  der 
Berliner  Akad.  1856.  p.  22.—T)e  Bary  and  Woronin.  Beriehle  der  naturf.  Gesellsch.  in  Freiburg,  1S63, 
vol.  III.  Heft  z.— Woronin  in  Bot.  Zeit.  1S68.  p.  81,  [Sorokin  {Dot.  Zeit.  1874!  has  discovered  m 
Zygochylrium  a  process  of  conjugation  resembling  that  of  Mucorini;  and  in  Telrachyfrium  a  con- 
jugation of  zoc^nidia.  Pfitzer  (Monalsb.  d.  Acad.  d.  wiss.,  Berlin.  1872)  includes  Ckytridiaceie  with 
all  the  CceloUaiis  destitute  of  chlorophyll  in  one  group,  the  Phycomycetes.  Sorokin  sn^ests  the 
name  Siphomycetes  for  this,  of  which  Amcebidiujn  (Cicnkowski,  Bot.  Zeit.  1861)  is  to  be  regarded  as 
the  simplest  form.] 

'  Biefeld,  Bolanische  Unlersnchungen  uber  Schimmelpilze,  Heft  1,  1873.— Van  Tieghem,  Re- 
cherchessurlesMucorinees,  Ann.  desSc.  Nat.,  5=ser.,iSj3.  vol.  XVII,  and  in  the  French  translation 
of  this  work.  p.  336  el  seq.  [Quart.  Journ.  Micr.  Soc.  1871,  pp.  49-76. — Ann.  des  Sc.  Nat., 
6' ser.,  vol,  I.  1875.  P-  i-] 
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weft  an  area  of  several  square  centimetres.  The  mycelial  filaments  grow  on  organic 
substrata^  such  as  fniits,  bread,  glue,  or  even  on  saccharine  fluids  or  dung,  absorbing 
their  nutriment  from  them;  many  species  even  grow  parasiticaJly  on  others  nearljr 
allied,  exhausting  the  contents  of  their  cells  through  peculiar  feeding  organs,  the  Haus- 
toria  (see  Fig.  175  b)- 

The  non-sexual  propagation  of  the-  myeeiium  may  continue  through  an  endless 
number  of  generations,  until  the  conditions  are  favourable  for  the  formation  of  con- 
jugating organs,  i.  e.  for  sexual  reproduction.  The  conidia  arise  in  two  different 
ways: — In   the   family   of  Mueorini   stout   branches   grow   from   the  mycelium  erect 


into  the  air,  reaching  a  height  of  several  centimetres,  and  at  length  swelling  up  at 
the  summit  into  a  sphere  (Fig.  174  B,  g).  Within  this  sphere  are  formed  a  number  of 
round  endogonidia,  which  become  free  by  the  rupture  of  the  wail,  germinate  at  once, 
and  reproduce  the  mycelium.  In  a  second  fa.mily,  the  Piptocephalidas,  the  conidia 
are  also  produced  on  erect  stalks,  but  these  stalks  branch  copiously  near  their  summit, 
and  form  numerous  conidia  (stylogonidia)  by  abstriction  at  the  extremity,  which 
produce  a  mycelium  just  as  in  the  preiious  case.  Besides  these  normal  non- 
sexual   reproductive    organs,    the    mycelium     also     frequently    produces    go  nidi  a    of 
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a  different  kind,  the  filaments  breaking  itp  by  the  formation  of  sepia  into  short 
segments,  which  then  become  rounded  off,  and  are  able,  under  favourable  conditions, 
to  produce  new  mycelium.  This  explains  the  production  of  the  so-called  Mucor-yeast 
(from  Mucor  racemojus^),  which  bears  a  striking  resemblance  to  true  yeast  [Saccharo- 
myces) ;  the  mycelial  gonidia  can  multiply  by  a  yeast-iike  budding  when  placed  in 
an  unsuitable  nutrient  fluid. 

The  mycelium  has  the  power,  under  special  circumstances,  of  reaching  the  mor- 
phological completion  of  its  development  by  the  formation  of  sexual  reproductive  organs. 
Thicker  branchlets  with  a  club-shaped  extremity  are  produced  on  neighbouring  filaments 


of  the  mycehum;  the  apices  of  th 
disappearance  of  the  cell-walls  at  th    p      t 
see  also  i6a  E)  after  a  septum  ha,  b    n  f 
the   point   of  conjugation.     The   p    t  plasm 
thus   marked  oif;   and  a  lygospo         f  p 

growth  either  of  the  entire  space  th 
oiily  {Fig.  175  Z);    the  thick 


hi  t        me  into  contact,  and  coalesce  by  the 

:      h        they  touch  (Fig.  174  D  and  175  Z; 

i  in   each  filament  on  each  side  of 

n       11  cts  in  the  space  which  has  been 

p      t    ely   large  size   is   produced   by  the 

t  d  (Fig.  174  C)  or  of  its  central   part 

f  th     zygospore  being  usually  of  a  dark 


colour  and  furnished  with  protuberances  or  spiny   outgrowths.     The   zygospore   ger- 
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mt  I)     It  Igpedftdl  tthg  t  t 

w      y     1    m     t  th         d        y  fc    d     b  t  th  1  y         f  th         11       11  b  rst    th 

t      1  y  d  p    t    d      th      gh    t        th     f    m     f       t  b     (t         74  C)      h    h 

mdtlydlp         t  dpi         thtbkpt  mb         f  di 

h    f'    h   b  d      1  p        t  my    1    m     Th     b  h  d    tly        1  g 

t     th     8  rm      t  f  th       yg    p  {  P     d  d  t     th  t     f  th  p  f 

tEdg       BidQ^h        tttldscllhhd         th  pd 

d    ph  b  t  rab        t  p  wl    I    J,        brth    t         w      d    d    1 

Th       yg  sp         m       th      f        b  d      d  as        p  p    t  g    t  g  th  th 

Is  d    ph  d  g  t  ly  th  t  th  p    po  es  h         p  ly 

U    th        d        y  Id 

I  p  t    t  t       f  k     wiedg     th      Zyg  myt       mybddd       tt 

f       I       — 

Th     Muoo  ini  h    1    th  d  f    m  d    by   f  11  f  rm  t 

th       t  n        t    pi  I  p      1         1     th    g  M         th  d  f        by 

th     b  rst    g     f  th     f    g  1  11      f  th  pta  1      wh  1  P I  h  lus   th 

ttbth         pb         esdthdttsb  dtgthwthth  d 

th      vn  t         d   t  by    ts     Idit     ty      M         Mi  t  th  m         t 

mldbgfdltbdlgd  tht  ltd 

ppl         t        1     h  th        y    1    m  p       t    t  M  If  h  rt    p 

ft         1    g    p  f  th  I  t    t     th        J     i    m  p  tt    g       t  1     g    t  1       1  k 

b        h     wl    h   tt    h  Ji  m    1       by  th  t         y       1  p    d  di  ph    e?      th 

bl    k  h    d      Th       J     1    m  p      t    t    th      gh  th      h  11    f  t     h  1   d    i,gs 

d  f  n  d    ph  th     th  m     P/y      j  (F  g     7    5)     d  t    gu  h  d  by 

U         d    ph  hi  h  t  fitt  t  m  t  h   ght      d    f  1  t      1 

Th  nt    dmta  b     rs  d        y  I    ,,  d    pi  t  th         mm  t     t         h     f  th     1     g 

stalts,  and  below  these  whorls  of  small  branches  with  very  small  receptacles  eontaming 
oniy  a  few  conidia.  Pilobolui  almost  always  mates  its  appearance  when  fresh  horse-dung 
is  covered  by  a  bell-glass'. 

3.  The  Fiptooephalids  bear  a  number  of  stylogonidia  on  their  conidiophores  which 
are  much  branched  towards  the  summit.  The  two  genera  described  by  Brefeld, 
Cbntocladium  and  Pipiocephalh,  are  parasitic  upon  Mucar  Muceda,  the  latter  being 
represented  in  Fig.  175, 


OOSPORES. 

To  this  class  belong  all  those  Thallophytes,  whether  containing  chloro- 
phyll or  not,  whicli  are  reproduced  sexually  by  means  of  oogonia.  An  Oogo- 
mum  is  a  cell  distinguished  by  its  size  and  shape ;  the  contents  either  form 
a  naked  primordial  cell — the  Germ-cell  or  Oosphere — by  simple  contraction  and 
rounding  off  within  the  oogonium,  which  opens  later,  or  divide  into  two 
or  more  portions,  which  similarly  become  00 spheres.  The  fertilisation  of 
these   oospheres   is    effected   \>y    means    of  motile   Anikerosoids   produced  within 

'  [On  Filoholus  cyyslallinus  see  Cohn,  Nova  Acta  Acad.  Nat.  Curios,  vol.  XV.  pi.  I.  p.  3J0.— 
Klein  in  Pringsheiin's  Jahrb.  fiii  wiss.  But.  vol.  VIII.J 
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nates  directly,  as  in  the  Fucaceie,  and  there  is  no  period  of  rest. 

The  vegetative  body  of  the  Oospores  may  consist  of  undifferentiated  cells,  as 
in  Spharopha,  in  this  respect  resembling  the  ConjugatEe,  the  filiform  thallus  present- 
ing no  distinction,  of  base  and  apex.  In  one  large  group  (CceloblastEe)  the  thallus 
consists,  until  the  formation  of  fructification,  of  a  single  tubular  cell,  which  often 
branches  copiously,  as  in  the  Zygomycetes ;  in  a  further  grade  of  development 
the  thallus  consists  of  branched  and  segmented  filaments  composed  of  cells  of 
different  kinds,  and  the  plant,  which  is  fixed  to  a  substratum,  manifests  a  well- 
marked  contrast  between  base  and  apes.  Finally  we  find  the  Fucacete,  in  which 
the  thallus  is  very  massive,  and  foims  an  actual  tissue  in  which  differentiation 
may  be  recognised  into  epidermal  layers  and  fundamental  tissue. 

There  is  no  non-sexual  multiplication  by  gonidia,  either  in  the  simplest  form 
belonging  to  the  class,  Sphmropka,  or  in  the  most  highly  developed,  the  Fucacese. 
The  thallus  of  the  other  intermediate  forms,  on  the  contrary,  produces  abundance 
of  gonidia,  by  means  of  which  propagation  may  take  place  through  many  genera- 
tions, in  the  same  manner  as  Marchantia  is  propagated  by  bulbils.  The  gonidia 
.are  produced  cither  singly  or  in  numbers  as  endogonidia  in  the  interior  of  ceils, 
escaping  in  the  form  of  zoogonidia,  or  as  stylogonidia  by  abstriction  at  the  extremity 
of  special  branches;  they  are  then  immotile,  as  in  the  Peronosporeje,  though  their 
contents  may  become  transformed  into  motile  zoogonidia. 

In  a  systematic  classification  of  the  OosporeEe,  the  forms  which  do  not  contain 
chlorophyll  may  be  arranged  as  a  special  section  of  those  that  do,  the  genetic 
relationship  being  here  unquestionable. 
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A,  SpHjEROPLEA  anauliiia'  is  at  present  the  sole  representative  of  the  most  simply 
organised  of  the  Oosporeai.  It  consists,  when  fully  developed,  of  cylindrical  filaments 
divided  by  septa  into  very  long  cells,  the  green  protoplasm  enclosing  rows  of  large 
vacuoles,  and  thus  forming  girdle-like  rings.  When  in  the  vegetative  state  the  cells 
are  all  alike;  it  is  only  when  the  process  of  sexual  reproduction  is  commencing  that 
a  difference  makes  its  appearance,  some  of  the  cells  forming  nothing  but  antherozoids, 
the  rest  nothing  but  oospheres.  The  latter  are  produced  in  large  numbers  within 
each  cell,  the  contents  breaking  up,  after  various  previous  changes,  into  several  globular 
portions,  each  of  which  is  characterised  by  a  hyaline  speck.  The  antherozoids  are 
formed  in  CKtraordinarily  large  numbers  by  the  breaking  up  of  the  entire  contents  of  a 
cell  which  had  previously  assumed  a  yellowish  brown  colour.  In  both  kinds  of  sexual 
cells  a  number  of  holes  are  formed  by  the  absorption  of  portions  of  the  wall;  the 
antherozoids  escape  through  these  orifices,  forcing  themselves  in  quantities  into  the  cells . 
in  wh  eh  the  oospheres  he  The  anthe  dt  and  oogonia  therefore  resemble  one  another 
n  external  form  wh  le  the  antlerozods  and  oospheres  are  very  unlike;  the  latter 
^re  elongated  and  cl  b  shaped  v  th  two  c  1  a  at  the  p:>inted  end.  The  oospore  or 
fertlsed  oosphere  clothes  tself  wth  a  th  ck  arty  cell-wall;  its  contents  become 
br  ck  red  Its  fur  her  development  commences  after  a  resting  stage;  the  red 
contents  d  de  bj  success  e  b  part  t  on  nto  a  large  number  of  primordial  cells 
h  h  escape  from  the  oospore  a  e  pro  ded  with  two  cilia,  swarm  about,  and 
germ  nate  after  a  per  od  of  re  t  The  ge  m  nating  cell,  which  is  at  first  shortly 
f  for  the  gro  s  n  both  d  ect  ons  nt  a  capillary  filament,  so  that  the  anterior 
and  poster  or  ends  a  e  ex  ct!y  al  ke  ind  the  e  s  no  distinction  between  base  and  apex. 
Alter  the  filament  has  grown  to  a  considerable  size,  transverse  divisions  take  place  and 
the  filament  is  then  composed  of  a  number  of  equivalent  cells. 

B.— CffiLOBLAST^. 
In  this  section  are  included  for  the  present  all  those  Oosporese  in  which  the  thalliis 
consists  of  a  single  tubular  cell,  without  a  nucleus^,  more  or  less  branching,  and  usually 
fixed  to  one  spot.  It  is  only  when  reproduction  is  commencing  that  branches  of  special 
form  are  separated  by  septa.  The  Cteloblastas  are  therefore  not,  accurately  speaking, 
imieellular ;  it  is  only  the  vegetative  body  that  is  so.  In  all  cases  which  have  been  accu- 
rately observed  a  non-sexual  reproduction  takes  place  by  means  either  of  stylogonidia 
or  of  motile  endogonidia.  The  oogonia  and  antheiidia  are  usually  terminal  cells  of  short 
lateral  branches,  and  are  very  different  in  form  ;  the  former  are  more  or  less  spherical, 
the  latter  tubular;  the  two  being  mostly  placed  close  beside  one  another. 


FORMS  CONTAINING  CHLOROPHYLL. 

I.  Vaueheria'  consists  of  a  single  elongated  ceii,  branched  in  various  ways,  some- 
times as  much  as  30  centimetres  long,  containing  no  nucleus,  and  developing  on  damp 
earth  or  in  water.  The  fixed  end  is  hyaline  and  branched  in  a  wavy  manner ;  the  free 
part  contains  within  the  thin  cell-wall  a  layer  of  protoplasm  rich  in  chlorophyll-granules 
and  drops  of  oil,  and  enclosing  the  large  sap-cavity.  -This  part  of  the  thalius  forms  one 
or  more  main  filaments  which  branch  behind  their  growing  point;  only  in  f*.  tuSeraiti  is 

'  Cohn,  Ann.  des  Sci.  Nat.,  4'  sec.  1856,  p.  187. 

'  [According  to  Schmitz  [Sitzber.  d.  niederchein.  Ges.  in  Bonn,  1879  a  great  number  of  nudii 
are  present  in  Vaucheria  and  its  allies.] 

'  Pringsheim,  Ueber  Befruchtung  und  Keiiiiung  der  Algeii,  1853,  Jahrtuch  lur  Viiiscn  Bot 
Bd.  II.  p.  470.— Schenk,  Wiirzbnrger  Verhandl.  Bd,  VIII.  p;  335.— Uali  Jahrbiich  fur  insscn 
Bot.  Bd.  V:  p.  la;.— Woronin,  Bot.  Zeit.  1869,  nos.  9,  10.      [Slahl,  ISot  Zi.it   jS,(  ] 
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the  branching  dichotomous;  though  commencing  monopudially,  the  lateral  branches 
often  develope  sympodially.  At  the  commencement  of  the  period  of  growth  in  the 
spring  the  plants  arise  from  the  oospores  which  have  remained  dormant  through  the 
winter,  and  are  at  first  propagated  through  several  generations  in  a  purely  non-sexuai 
This  is  effected  either  simply  by  the  abstriction  of  the  ends  of  branches,  or  by 


very  large  zoogonidia  whicli  escape  from  the 
short  cilia  Between  these  t  f  th  ' 
i  p        I     I        be  f  pi      b        h 


ir  of  a  cell,  and  are  covered  by  very 


contents  of  a  branch  become  separated  and  contract,  and  force  themselves  out  as 
a  zoogonidium  through  a  crevice  at  the  extremity.  The  motion  of  the  zoogonidia  lasts, 
in  r.  tericea,  only  for  i  to  i^  minutes,  but  in  other  cases  for  hours.  The  rotation 
begins,  in  V.  seisilh,  as  I  have  distinctly  seen,  during  their  escape ;  and  if  the  opening 
of  the  mother-cell  is  too  small,  the  zoogonidium  splits  into  two  pieces;  each  becomes 
rounded  off  and  again  constitutes  an  entire  zoogonidium;  the  outer  one  swims  away, 
while  the  inner  one  remains  rotating  within  the  mother-cell.  The  formation  of  the 
zoogonidia  begins  in  the  night,  as  is  the  case  with  most  Alga:  and  Fungi ;  they  escape  In 
the  morning,  and  their  germination  commences  during  the  day  or  the  next  night. 
They  put  out  on  germination  either  only  one  or  two  tubes  {Fig.  176,  C,  D),  or  form  at 
the  same  time  a  root-like  organ  of  attachment  {E,  F,  w).  The  oogonia  and  antheridia 
originate  as  lateral  protuberances  from  a  filament  which  contains  chlorophyll  (Fig.  177  ^ 
B),  sometimes  even  on  the  germinating  tube  of  a  zoogonidium.  All  the  species  of  Vaucheria 
are  monoecious,  and  the  two  kinds  of  sexual  organs  are  mostly  found  very  near  together. 
The  antheridia  (Fig.  177,  ha)  are  the  terminal  cells  of  slenderer  branches,  the  content^ 
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of  which  contain  but  little  chloropliyll  but  produce  a  large  number  of  very  small 
antherozoids  (Fig.  177,  D) ;  these  escape  from  the  antheridial  cell  which  bursts  at 
the  apex.  In  several  species  the  antheridia  are  cui-ved  like  horns;  in  others  they  are 
straight  (y.  serisea)  or  curved  sacs  {V.  pachydermii)  \  in  the  V.  lynandra,  discovered  by 
Woronin,  from  two  to  seven  small  horns  arise  on  the  large  ovoid  terminal  cell  of  a  two- 
■  celled  branch.  The  oogonia  arise  as  thick  protuberances  (Fig.  i-fj,  A,  B,  og)  filled 
■with  oil  and  chlorophyll.  They  swell  up  into  an  obliquely  ovoid  form,  and  finally  the 
dense  contents  are  separated  by  a  septum  (F,  aip).  The  green  and  coarsely  granular 
mass  collects  in  the  centre  of  the  oogonium,  while  colourless  protoplasm  accumulates 
at  its  apex,  at  which  spot  it  opens;  at  this  moment  the  whole  contents  contract 
and  form  the  oosphere.  In  some  species  a  colourless  drop  of  mucilage  is  expelled 
from  the  mouth.  After  the  entrance  of  the  antherozoids  the  oosphere  clothes  itself  with 
a  thick  cell-wall ;  its  contents  become  red  or  brown,  and  the  oospore  now  commences 
its  period  of  rest.     The  formation  of  the  oogonia  and  antheridia  begins  in  the  evening, 


lly 


and  is  completed  the  next  morn  ng     fert  1  sat   n  is  mpl  hed  between 

in  the  day\ 

Closely  allied   with   Vaiicheria  th     f  m       f  th        th  II    — wh   h         1 

much-branched  filament   undivid  d  bj       pt  ^  se  f     th      g  t     m    1) 

comprised  in  the  class  Siphoned  th         df  Ipodt         fhhh 

ever  at  present  unknown,  if  indeed  th  y  h  y      It  t  th      f        y  t  b      ffirm  d 

with  certainty  whether  the  Sipho     x  1 1  t  t      1  g       p      Th     m  d  hi 

the  gonidia  are  formed  is  at  least  not  opposed  to  this  idea.     The  following  forms  may  be 
especially  mentioned  : — in  Botrydium*  the  young  plant  is  a  spherical  cell,  from  which 


•  [Stohl  has  described  a  peculiar  encysted  form  of  Fob. 
described  by  Ktttzjng  as  a  distinct  plant  under  the  name  Go 

»  Briun,  VerjiingunE  in  der  Natur.  p.  J36  [Ray  Soc. 
(Bol.  Zeit.  1877)  the  conjugation  of  zoogonidia  in  B.  gninu 
diacea  allied  to  Pandoriitea  and  Hydradiclyeie.'] 


ria  geminata:  this  has  been  previously 
roiira  dicholonia.  (Bot.  Zeit.,  1879.)] 
o5tafin5ki  and  Woronin  have  delected 
■an.     Thcfoi-mer  considers  the  Bulry- 
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h)   1        p     I     J,  t  ^     \  eiitly  formed  which  branches  like  a  root  and  penetrates 

th  th       h  1      h       ppe    p    t  swells  up  into  an  ovoid  vesicle,   in  which  the  proto- 

plasn  1     HI         p       til)         ontaining  chlorophyll.     From   this  arise,  after  growth 

pi  t  d        nub        f         gonidia  which  are  set  free  by  the  wall  of  the  mother- 

11  b      mgglt  dd  liquescing.    This  is  evidently  a  more  simple  mode  of 

gr  wththa    th  t  f  /      b  A  higher  degree  of  branching  is  found  in  BryopaiB,  which 

Is  also  unicellular.  This  genus  also  forms  on  one  side  root-like  oj^ans  of  attachment,  on 
the  other  upright  much-branched  stems  (several  centimetres  in  height)  with  unlimited 
growth  at  the  apex ;  small  branches  with  limited  apical  growth  are  formed  on  them  in 
two  rows  or  spirally,  which  clothe  the  stem  like  leaves,  and  after  they  have  become 
shut  off  from  it  by  septa,  fall  off;  in  them  numerous  zoogonidta  are  formed'.  The 
branching  of  a  single  large  cell  is  carried  still  further  in  the  genus  Caulerpa,  whicl^ 
forms  creeping  stems  growing  at  the  apex  with  descending  branched  rhizoids  and  ascending 
leaf-like  branches^.  The  growth  of  a  unicellular  thallus  taltes  place  in  still  another 
manner  in  Aeetabularia.  Here  the  plant,  two  or  three  centimetres  high,  has  the  form 
of  a  slender  Hymen omycetous  fungus,  the  stem  of  which  developes  a  rhizoid  below  and 
bears  a  pileus  above,  consisting  of  a  disc  of  closely  crowded  rays,  which  are  themselves  ■ 
radial  branches  of  the  stem.  The  stem  ends  above  in  the  form  of  a  boss;  at  the  base  of 
the  radial  branches  surrounding  the  boss  stands  an  umbellate  whorl  of  branched  seg- 
mented hairs.  In  the  rays  of  the  pileus  are  formed  the  non-sexual  zoogonidia'.  Finally 
Udotea  cyatbiformii  must  be  mentioned  here.  This  species  forms  a  stalked  leaf-like 
thallus,  the  stalk  i  inch,  and  the  thallus  from  ^  inch  to  a  inches  long  and  broad,  its 
thickness  from  tJ-^  to  ^  line.  When  cut  transversely  it  seems  to  consist  of  a  cellular 
tissue,  but  in  reality  the  thallus  is  composed  of  a  great  number  of  branched  filaments, 
which,  forming  a  cortical  and  medullary  layer,  are  all  ramilications  of  a  single  cell '. 


FORMS  NOT  CONTAINING  CHLOROPHYLL. 

2.   The  SaprolegnieEQ "  are  colourless  parasites  usually  foimd  attached  to  animal  ', 
or  vegetable  organisms  in  water,  especially  dead  insects,  forming  dense  radiating  tufts. 
The  individual  plants  are  long  undivided  filaments,  penetrating  deeply  into  the  substratum    | 
by  means  of  root-like  branches,  and  branching  more  or  less  in  the  surrounding  water,    ' 
sometimes  in  an  arborescent  manner.      The  zoogonidia  are  formed   in  the  branches 
after  the  contents  have  been  separated  by  a  septum ;   occasionally  a  number  of  such 
septa   are   formed,  and  they  are   then  produced   in  each   cell.      The   zoogonidia   are 
formed  simply  by  the  simultaneous  division  of  the  contents  Into  a  very  large  number 
of  portions  (Fig.  178,  A);  the  cell  opens  at  the  apex  and  the  gonidia  are  expelled; 
these  at  once  swarm  about  in  the  water  and  become  dispersed,  or  at  first  accumulate 
in  a  resting  state  in  front  of  the  opening;   each  gonidium  then  becomes  immediately 
invested  with  a  firm  cell-wall,  but  after  a  short  time   it  abandons  it  and  then  begins 

'  Pringsheim,  on  Bryopsis,  in  the  Monatsber.  der  Berlin.  Akad.  May  1871. 

'  Nageli  in  Zeitschtift  fiir  wiss.  Bot,  1S44.  Ed.  I.  p.  134. 

'  [Woranin,  Ann.  des  Sc.  Nat,  4"  ser.,  vol.  XVI,  p.  soo.  De  Eary  and  Slrasbuiger  have 
detected  (Hot.  Zeit.  1877)  the  conjugation  of  zoogonidia.] 

'  Nageli,  Die  neueren  Algensysterae,  p.  177,  [The  remarkable  fossil  plant  from  Canada  of 
Devonian  age,  Prolomxiles  Logani,  was  probably  an  enormous  Siphonaceous  Alga;  see  W.  T. 
Thisellon  Dyer,  Joum,  of  Bot.  1871,  p.  252  ;  Camitheis,  Monthly  Micros.  Joum.  1872,  p.  160.] 

»  Pringsheim  in  Jahrb.  (ur  wiss.  Bot.  vol.  I.  p.  385  [Ann.  d.  Sc.  Nat.  1859,  torn.  XI,  p.  349] ; 
vol.  II.  p.  205;  vol.  IX.  p.  J91.— De  Bary.ditto,  vol.  II.  p.  169. — Hildebrand,  ditto,  vol.  VI.p.  349. — 
I-eitgeb,  dilto,  vol.  VII,  p.  257,— Comu  in  Ann.  de  Sci,  Nat.,  jth  ser.,  vol,  XV,  p,  328.— Schenk, 
Bo(.  Zeit.  1S59,  p,  348.— Pfitzer  in  Monatsber,  d.  Berlin,  Akad.  May  1872,  ~[De  liarj'  vad  Woronin, 
Beit,  zm  Morphol.  u,  Physiol,  d.  Pihe,  IV,  1S81,] 
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1  th    th 
g      t    d    f 


P    f 


e  th  t 

w  gonidial  r 


g      d     by  t  wh    h    pe  d 

dt^hd  asPghmh        hwtkpl 

pi     t     TS  S  Ji    t  gn  d   Ally         I      Sp    Ig! 

dh  pdfmth         rnlllfb        hth      septum 

dip        t  w  g     d   I    ec  pt    1    wh   h  t  k      th    pi         f  th 

p  J  lly        I  t      1  b       hi        tl   th       pt       b  th 

Peptide      in  the  very  small  and  simple  genus  Pythiiim,  which  is  parasitic, 


filaments  emerge  which  open  at  their  apex  and  allow  the  protoplasm  to  escape  in  a  bail 
which  then  breaks  up  into  a  number  of  zoogonidia.  After  coming  to  rest  the  zoo- 
gonidia  of  the  Saprolegnie*  give  rise  to  new  plants,  which,  when  they  have  access  to 
a  fresh  substratum,  such  as  a  dead  fly,  produce  in  succession  several  generations  of 
non-sexual  gonidia-formiiig  individuals.-      1 

It  is  only  towards  the  close  of  the  period  of  growth  that  sexual  individuals  make 
their  appearance.  The  extremities  of  the  filaments  then  swell  up  into  a  globular 
form  (Fig.  179),  a  septum  is  formed  beneath  the  swelling,  which  constitutes  the  oogo- 
nium, and  its  protoplasmic  contents  either  simply  contract  to  form  the  oosphere,  as 
in  Pythium  monaspermum  and  Aphanomyces,  or  the  contents  divide   into  two  or  more 
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oospheres,  considerable   contraction   taking   place.      At  the  same  time  the   aiitheridia 

are  also  formed,  appearing  as  much   slenderer  lateral  branches,  beneath  the  oogonia 

but  sometimes  above  their  basal  wall.     These  antheridial  branches  are  usually  much 

curved;  their  upper  portion  is  separated  by  a  septum,  and  the  terminal  cell  thus  formed; 

the  antheridium  usually  applies  itself  firmly  to  the  surface  of  the  wall  of  the  oogonium. 

The  process  of  fertilisation  itself,  which  had  previously  been  only  imperfectly  known, 

P  es  s  of  Pringsheim,  several  remarkable 

pecu  CO  genetic  relationships  of  the  Sapro- 

us  modes   in  which   it   takes  place, 

E  broken  up  into  oospheres,  a  larger 

m  m  Fig,  179,  C)  may  be  observed  on  the 

P  m  inner  layer  of  the  cell-wall  protrudes 

h         ni  rm  J   i.       S      g      by  which  fertilisation  is  subsequently 

ff    td  m    spe  SSp   I -n         A  A  b!}     thes    w  rt       m  d  by  th 

t      I  y        f  th       II       II    f  th  m     A  is  th     d  1      II  b         es 

I  scly    ppl    d   t     th     o<  g  p     t  b  ra  f  th  I  j         f  th         II       II 

f  th         th      d    m  first      f     II   p       t    t  t      th  t       i  >  f    h         II       II      f 

th     oog        m        d  m     t     th  rt     1      dj    d  sc   b   i   b  1     ;,    g  t     th  I  > 

tl      1  tt  th        b     t  d    t  th    p     t     t        t    t       d  th     p       b  t  th 

thd         g  t  rrwtbhhptesdplytth     oog  t 

t    m  tj  b    J    g   t    If       th        d  t    f  th      osph  Th       p  ly  p 

t    ly     p     ent   I       F  g     79     h   h         d  I     g  b  f       th    d  >    f  th       t    I 

phm  A        dfetPg^h         th        tmtyfthflgtbp  th 

t  f    h  m  t  ly  m      t    fa  d  es  p    t  dly       p  II  d         J     k 

d    ft      1     g     t       1       h   h  g  th         ph  d     h    I  p    b  bly 

th  d        bod  th       m  I     f      t  B  t  th       fa  t  pell  d  f  gl 

fert  Ikint  tube  may  ser>e  for  the  impregnation  of  seveialoosphores  m  an  oogonium,  and 
it  is  the  more  probable  that  this  takes  place  since  the  number  of  these  tubes  which  pene- 
trate into  an  oogonium  is  usually  different  from  that  of  the  fertilised  oospheres.  With 
regard  to  the  bright  spots  in  the  wall  of  the  oogonium,  through  which,  as  we  have 
th    f    f  r  ■  g  t  bes      t       't  *         'd     t  th  t      p  t  k      pi  ce  here  similar  in 

t        t        t  ]  S  t  t       1    doe    th        th  nd    m  g    w     to  the  oogonium, 

btth  ly        fthwilfth         g        ml  tpk   grows  towards  the 

th     d    m  by  tl     f        t  f  th     w    t    1      dj  d     nb  d  der  to  unite  with 

Ith     gh  t     I         1  sc  t  th  t     t    t  kes  pi  t  that  time,  the  wart 

b      g        b    q       tly   p       t    t  d    bj    th      t    1 1       g        tl      d    1    t  b  .      But    in    some 
pign         thfmt  fth  jg       g        rtp  df  rther ;   it  penetrates 

th       gh   th  t       I  t   th  II      f  th  g         m      p  t  the   surface,   and 

h        rt  th       b  fi       th       gh      h    h  th         th      d    I   tubes  penetrate : 

tm  dgtPgh  th  Jgtg  b  raised  above  the 

spherical  surface  ot  the  oogonium  m  the  form  of  more  or  less  elevated  protuberances, 
or  even  grow  into  tolerably  long  tubes,  the  apices  of  which  are  occasionally  met  with  in 
conjugation  with  an  antheridial  tube.  These  cases,  although  rare,  manifest  still  more 
strikingly  a  certain  resemblance  to  the  conjugation  of  the  Zygomycetes,  and  perhaps 
a  still  closer  analogy  to  the  process  of  fertilisation  in  some  Ascomycetes,  such  as 
Pezlza  conftueni;  or  a  comparison  might  even  be  drawn  between  the  trichogyne  of 
Nemalisn  and  the  protuberances  of  the  oogonium.  'I'he  similarity  of  the  process  of 
fertilisatioD  in  the  Saprolegniete  to  that  already  described  in  the  case  of  Vaacheria  is 
sufficiently  clear;  that  spot  in  the  oogonium  of  Vaucberia  which  subsequently  opens  and 
exudes  a  drop  of  mucilage  may  obviously  be  compared  with  the  conjugating  wart  in  those 
oogonia  which  contain  only  a  single  oosphere  ;  only  that  in  Vauclseria  no  fertilising 
tube  is  usually  developed  from  the  antheridium,  since  the  antherozoids  are  larger,  and 
remain  motile  for  a  considerable  period,  finding  their  own  way  into  the  open  oogonium. 
Pringsheim  has  already  pointed  out  the  corresponding  analogy  with  the  CEdogonicEe. 
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Two  other  remarkable  facts  h 
determined  by  Pringsheim,  that  p    th 
Saprolegnia  and  Achlyo.     Some  or    11     ) 
at  all,  the  formation  of  antheridi  1 

oospores  are  perfectly  developed  d 
more  in  detail  in  Book  III.  Sect.  5  t  tl 
vegetable  kingdom  ;  here  it  need  <.    1)  b  t 

as  dicecious — no  antherldial   bran  h       b      g   f 
species,  but  only  parthenogeneti     f  rms     i   n 
development  of  oospores  without  f  rt  1     t 
of  which  do  not  penetrate  into  oog  b  t    p 

the  surrounding  water.     In  these  U 

Pringsheim  observed  that  the  esp  1        d 
j  erts  and  after  considerable  interv  I 

The  oospores  or  fertilised  00  ph    es    1  th 
and  remain  dormant  in  the  oog  f      nr 

subsequently  in  two  different  way  —  th  th 
which  at  once  developes  into  a  b  h  d  pi 
formed  ;  or  it  puts  out  a  short  fil  t     h    h 

of  its  contents  to  escape  in  th     t  f 

mencement  of  the  formation  of       fil         t 
the  entire  contents,  surrounded  bj 
and  then  germinate.     In  their  mo  1       f  g 
hand  the  Mucorini,  on  the  other  h     d  th    P 

J.  The  Peronoeporeie '  are    Up        t 
of  living  Phanerogams  (Dicotyledo    ) 
large  areas  in  the  intercellular  spa 
(Haustoria)  which  penetrate  into  th 
to  absori)  the  cell-contents  as  food      A 
body  or  mycelium  consists  of  a        gl 
tion  again  takes  place  at  the  co: 
non-sexual  mode  by  the  productio      f 
the  end  of  branches,  and  are  th      f 
conidia.     In  the  genus  Peronoijio        wl 
slender  branches  of  the  my     I    m 
for  the  purpose  of  the  p  od     t  t 

manner,  and  form  at  the  d  f  h  t 
In  Cyslopm  a  large  nui  b  f  h  rt 
densely   crowded  togeth  th     m 

each  of  these  produces     t    t         t 
the  epidermis  and  esc  p  th     t 

different   ways.      In   Pe         p         th 
in   which    the   contents      t    th  ( 

rain   or   dew,   break    up       t  1    g 

(Fig.  180,  C,  D) ;  in  oth  rs   as  P  pyg 
the  conidium  and  forms  d  h      1 

In  a  third  and  fourth  sect         f  th    g 
filament  which  emerges      th        t      d  I 
spot  {P.  parasitica,  caU  h         At   ne 
alike,   i.e.    when   they  1  d     p 
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f  th     h    t 

ty 
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fi     lly  th  y  b 
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d     p      f 


h       h  piotoplasm  estipes  out  of 

h  out  a  germinating  hlament 

d  m  p  s  out  at  once  a  germ  nating 
te  spot  (P.  ganghjorrnts)  Or  indifferently  at  inj 
r  &c.).  In  Cyuopu-i  either  all  the  conidia  are 
f   water   they   produce    swarmmj,    zoogmidri 


'-  De  Bary,  Ann.  des  Sci.  Nat.,  ^' 
spora)  ia/eslans.  see  De  Eary,  Jou 


So,  vol.  XIII;  1863,  vol  \X       lOn  PhM  fklhcra  {Fe 
1,  1S76,  pp.  ios-126,  and  14.)   I'i4      ee  also  i-(t   Ztg 
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[C        dd    )        th    \.  I         d 

ft  pbl      fgrm      tg      h 

g      A     (C  P       I       )       \n     th  rm    ; 

tt    h  d  t    th        t    1      f  th    h    t  t  th 


f        h    h       t,  t       g  rm      t    t,  fil  t 

th      th  lis     f  th  d   1     h       p     1 

h  d  th         g     d     b      m    firmly 
th      th         11  w  II      d       th 
i  P         p  r  pttdltg  tghl         td        I>t 

p  d    m  I      11    p  g  th      f,l     ts      t  11      Ait       t  h  t      d  th        11  (F  g 

8      ff)  th      fil  t    bso  b    th     wh  1       t  th     prot  pi  f  th  g      d  d 

ft      p  isu  tl  li    f  th      p  d        1      11  h  t       111       p 

h       th    m)     1        dip        Th         g     d      fCj    .^  fi     !>    tt    h  d  th 

stomataot  their  host,  and  push  their  germinating  hlamcntsmtu  their  oiificts  (Fig.  i8o,  G), 


and  thus  find  their  way" at  once  into  the  ntercellular  spaces.  When  the  mycelium  has 
once  obtained  a  footing  in  the  pa  enchy  i  a  of  the  host  t  continues  to  grow  in  it,  and 
finally  often  spreads  through  the  whole  plant  putt  ng  out  ts  conidia-bearing  branches 
at  various  places  in  the  6tem,  lea  es  or  nfl  rescence  In  this  manner  the  (unicellular) 
mycelium  of  P.  iafiitani  can  even  h  ber  ate  n  the  t  bers  of  the  potato,  to  undergo 
further  development  in  the  shoots  n  (he  folio  v  ng  spr  ng.  The  sexual  organs  of 
the  Peronosporoi  are  developed  n  the  nter  or  of  the  t  sue  of  their  host.  Spherically 
dilated  ends  of  branches  of  the  m>cel  um  shipe  the  sel  e  nto  oogonia(Fig.  lii,  A,  og), 
in  each  of  which  an  oosphere  i  tor  ed  t  f  a  port  n  of  the  protoplasm  (B,  uj). 
From   another   branch   of   the    i  )   el     n  a  b  i  chl  t   g      ts  to«ards   the   oogonium. 
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swells,  and  becomes  closely  attached  to  it;  and  the  thicker  part  becoming  separated 
by  a  septum  (just  as  talies  place  with  the  oogonium  itself),  developes  into  an  anthe- 
ridimti.     As  soon  as  the  oosphere  is  formed   a  fine  branch  of  the  antheridium  (B,  nti) 

h       t  pe     t    t    g  th         mb  f  the       g  nium.     After  fertilisation  the  oosphere 

b       mes      rrnllby  thhthLn      nl  forms  an  external  rough  dark-brown 

preadnnn  dp  Th         oospores   remain   dormant   through   the 

t      a  d  th       g  t  th  S  P        mpora  Vaierianellw  they  form  a  myce- 

In      nmtg      ndth  i  Cj    p       h     ever,  produce  zoospores;  the  endo- 

po      ()  f  tself  Ik         bl    Id  t     f  th     ruptured  exospore  (Fig,  t8t,  F),  and 

th        b  rst    g    th       00  po         (G)  t   1  which   behave    in   exactly   the   same 

m     n  th       oog      d      p      i       d  f         th         nidia  of  this  genus. 


The  genus  Empuaa,  in  which  no  sexual  organs  have  as  yet  been  discovered',  is 
probably  related  to  the  Saprolegnies  and  to  the  Peronosporese,  Empma  muicrs  is  the 
parasite  which  proves  fatal,  more  especially  in  the  autumn,  to  house-flies.  If  these 
insects  remain  attached  to  the  window-panes  they  become  surroiinded  by  a  powdery 
substance  which  consists  of  extruded  conidia.     These  conidia  are  capable  of  forming 

'  [lirefeld,  Untersnch.  uber  die  Entwickeluog  der  Empura  Mvscre  und  E,  radicans,  1871. 
Nowaltowski  and  Brefeld  have  both  recently  published  observations  on  Enipusa  muiea  {Eutoinoph- 
ihora)  in  the  Bot.  Zeit.  for  iS;?.  While  Nowakowski  states  that  he  has  observed  zygospores, 
Brefeld  believes  that  the  resting  spores  arise  asexually.  Nowakowski  thinks  the  Entomopkthores 
allied  with  PiploceJ /udiJia.'] 
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secondary  conidia,  and  ot  g                             distance.     If  one  of  these  happens 

to  strike  a  fly  upon  the     h  h         d        urface  of  its  body,  it  sends  a  hypha 

through  the  skin,  and  th  m             o  d              vhich  multiply  by  germination  and 

are  disseminated  in  the  b      d  h      gh         h    b  d    of  the  fly.   These  finally  grow  into 

hyphse  which  penetrate  th  h                        onidkim,  which  is  cast  off  with  con- 


siderable force. 


NE'E   . 


[This  group  includes  g  n         T  A  E  dar'ma,  which  resemble  Pandoriaa  in 

many  respects,  and  were      n  d  d       t       n  one  group.     Like  Paadorina,  these 

plants  are  motile,  and  co  mb       f  d  cells  aggregated  into  a  ccenobium. 

In  Eudoriaa,  which  so  mi         ese    b  es  i*     1^  to  be  sometimes  mistaken  for  it,  the 

number  of  cells  is  16  or  32;  in  Foi-vox  it  is  very  great,  amounting  even  to  thousands. 
The  cells  are  so  arranged  as  to  fbmn  the  wall  of  a  hollow  sphere.  The  distinction 
between  these  plants  and  Pandor'ma  is  that  in  them  certain  cells  of  the  ccenobium 
develope  into  antheridia  and  oogonia.  hi  Eudorina  four  of  the  cells  become  antheridia, 
and  the  remainder  oogonia:  in  Vai-uox  a  certain  number  only  of  the  cells  take  on  the 
function  of  reproductive  organs.  The  antherozoids  formed  in  the  antheridia  escape  and 
make  their  way  through  the  wall  of  an  oogonium  to  the  oosphere  which  it  contains,  and 
fertilise  it.  The  oosphere  then  surrounds  itself  with  a  firm  double  cell-wall,  and 
assumes  a  red  colour;   it  becomes  an  oospore. 

Non-sexual  reproduction  is  effected  by  the  repeated  division  in  Vol-uox  of  certain 
cells  (gonidia)  of  the  ccenobium,  and  in  Eudor'ma  of  all  the  cells.  In  the  former,  the 
young  ccenobia  which  arc  thus  formed  escape  into  the  cavity  of  the  mother-c<enobium, 
where  they  remain  until  they  are  set  free  by  its  death  and  disintegration :  in  the  latter, 
they  are  at  once  set  free. 

Sexual  and  non-sexua!  reproduction  do  not  go  on  simultaneously  in  the  same 
ctenobium  of  Vol'vox,  and  in  one  species  {Volvox  minor,  Stein)  the  male  and  female 
organs  are  not  produced  in  the  same  ccenobium,  whereas  this  is  the  case  in  ^0/110* 
Globator,  L. 

The  germination  of  the  oospore  has  been  observed  by  Kirchner  in  Folvox  minor.  The 
protoplasmic  contents  divide  into  two,  and  this  is  repeated  until  about  500  small  cells 
have  boon  produced ;  these  are  arranged  lite  those  of  the  adult  ccenobium.  The  wall  of 
the  ocrepore  gradually  deliquesces,  and  the  young  ccenobium  is  set  free.] 

D.— CEdogonie^e. 

The  CEdogonieee '  include  at  present  only  the  two  genera  (Edogonium  and  Bulbo- 
cri^ie,  the  few  species  of  which  are  common  in  fresh  water,  fixed  by  an  organ  of  attach- 
ment at  the  lower  end  to  solid  bodies,  mostly  the  submerged  parts  of  other  plants. 
The  thallus  consists  of  unbranched  {(Edogonium)  or  branched  {Bulbacb^te)  rows  of 
cells,  which  multiply  by  intercalary  growth,  while  the  terminal  cells  elongate  into  hyaline 
bristles.  The  longitudinal  growth  of  the  cylindrical  cells  begins  with  the  formation  of 
an  annular  cushion  of  cellulose  inside  the  cell,  close  beneath  its  upper  septum ;  the 
cell-wall  ruptures  at  this  place  circularly ;  the  ring  of  cellulose  then  stretches,  and  a 
broad  transverse  zone  is  thus  intercalated  in  the  wall  of  the  cell.  The  process  is 
constantly  repeated  immediately  beneath  the  older  very  short  upper  piece  of  the  cell, 

'  [On  Volvox.  see  Cohn,  Beltr.  z.  Biol.  d.  Pflzn.  I.  3,  and  Kirchner,  ibid.  II.  i :  on  Eudorina  see 
Carter,  Ann.  of  Nat.  Hist.,  ser.  III.  vols,  a  and  3.] 

'  Pringsheim,  Morphologic  dcr  CEdogonieen,  Jahrb.  fur  wissen,  Bot.  vol.  I.  De  iS.iry,  Ueb. 
CEdogomum  a.  B^lboch^te,  1854.— Juranyi,  Jakrb,  d.  wiss.  Bot.  IX.  [Ann.  des  Sd.  Nat.  1836, 
vol,  V,  p.  251. — Carlcr,  Ann,  and  Mag.  Nat.  Ilist,  iSgS,  vol.  I,  pp,  29-39,] 


vGooqIc 


OOSPORES.  2/9 

so  that  these  pieces,  forming  stnal!  projections,  give  to  the  upper  end  of  the  cell  the 
appearance  of  consisting  of  caps  placed,  one  over  another,  while  the  Sower  end  of  the 
cells  appears  to  be  enclosed  tn  a  long  sheath  (the  lower  old  piece  of  celi-wall).  This 
lower  part  of  an  elongated  cell  is  always  separated  by  a  septum  from  the  upper  cap- 
bearing  piece  (see  Fig,  17,  p.  22).  In  Bulbochxte  the  growth  of  all  the  shoots,  even  of 
the  first  which  proceed  from  the  spores,  as  far  as  it  depends  on  cell-multiplication, 
is  limited  to  the  division  of  their  basal  cell ;  it  follows  therefore  that  the  cells  of  each, 
shoot  must  he  considered  to  be  the  basal  cells  of  the  lateral  branches  which  stand  upon 


them.  The  cells  contain  chlorophyll- grains  and  a  nucleus  in  a  parietal  layer  of  proto- 
plasm. The  zoogonidia,  as  well  as  the  oogonia  and  antheridia,  are  formed  from  cells  of  the 
filaments,  which  only  become  enlarged  and  assume  a  more  or  less  spherical  form  when 
they  give  rise  to  oogonia.  From  the  oospores  which  have  remained  at  rest  for  a  con- 
siderable period  several  {usu^ly  four)  zoospores  are  immediately  formed,  which  produce 
asexual,  i.e.  zoogonidia-forming  plants,  from  which  again  similar  ones  proceed,  until  the 
series  of  them  is  closed  by  a  sexual  generation  (with  formation  of  oospores);  but  the 
sexual  plants  produce  zoogonidia  as  well.  The  sexual  plants  are  either  monoscious  or 
dioscious;  in  many  species  the  female  plant  produces  peculiar  zoogonidia  (A ndrogonidi a). 
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out  of  which  proceed  very  small  male  plants  (dwarf  males).  Several  generative  cycles 
or  only  one  may  be  completed  in  a  vegetative  period.  The  zoogonidium  is  formed  in 
an  ordinary  cell  of  the  filament  (sometimes  even  in  the  first  ecU  Fig  8  E)  by  the 
contraction  of  its  whole  protoplasm  t  t  t  b  f        f    n    th     mother- 

cell,  the  celi-wall  splitUng  by  a  t    n.     r=      1 1      t     t  ry        q     I  h  1        (as  in  the 

division  of  the  cells}  (Fig.  1B2,  yi  B  Ej      It         t  first  d  d  by      hy  1  ne  mem- 

brane,  which  however  it  also  br    k    th       gh      At    t     h)   1  d— th     an  erior  end 

during  the  swarming— it  is  enci    1  d  by  1  t     t       m  1        Th     end  lies 

laterally  in  the  mother-cell,  and,  aft      tl  m     t    nd     h       m      th     1  attached 

end  which  grows  out  into  a  rhizoid  ■  the  direction  of  growth  of  the  new  plant  is  thus 
at  right      gl      t    th  t    f  th    m  th  il      The  antherozoids  are  very  similar  in  form  to 

the  zo  g      d       b  t  h         II       (Fg     8j,  i>,  is);   their  motion,  due  to  a  circlet  of 

<^'''^i         I  '  1  h  h  11      f  the  antherozoids  are  cells  of  the  filament, 

l^"'  ^'i     '  d       t  h  11      phyll  as   the  vegetative   cells;   they  lie  either 

singly  g       p    (    m  t  y       twelve)  above  one  another.     In  most  species 

eachath      d  Hid         tt         q  al  special  mother-cells,  each  of  which  produces 

an  antherozoid  ;  they  escape  by  the  splitting  of  the  mother-cell  (as  in  the  case  of  the 
zoogonidia)  (Fig.  iSj,  D).  The  androgonidia  from  which  the  dwarf  male  plants  arise 
are  produced  from  mother-ceils  similar  to  those  which  give  birth  to  the  antherozoids 
(without  formation  of  special  mother -cells).  After  swarming  they  fix  themselves  to  a 
definite  part  of  the  female  plant,  on  or  near  the  oogonium,  and  after  germination  produce 
at  once  the  antherjdium-cells,  and  in  them  the  antherozoids  (Fig.  183,  J,  B,  m,  m).  The 
oogonium  is  always  developed  from  the  upper  daughter-cell  of  a  vegetative  cell  of  the 
filament  which  has  just  divided,  and  imraedLately  after  the  division  swells  up  into  a 
spherical  or  ovoid  form.  In  Bulbochiete  the  oogonmm  !■,  ilways  the  lowest  cell  of  a 
fertile  branch.  This  is  not  opposed  to  the  law  of  growth  abi>ve- mentioned,  inasmuch  a: 
the  mother-cell  of  a  branch  fulfils  at  the  same  tii        ■       '  -  .     .       . 

oogonium  of  Bulbocbste  is  th     fi    t      II     f 

as  a  bristle.     The   oogo      m  b  t  first    m 

than  the  remaining  cells;  d    t  ly  b  f        ft; 

forms,  as  in  Faucheria,  th  ph  th        t 

are   densely   crowded.     Th     p    t      f  th  pi 

oogonium   consists   simpi       f  h     I         p  ot  pi    m 
produced  in  a  variety  of  \    )        I  p  f 

wall  has  an  oval  hole  in  d         t     f     h    h 

protrudes  in  the  form  of  |    p  II  d  t  l.es     p  th 

(Edogoniu»,  {F\s.  i&i.  A,  B)         th       th      h     d  tl  g        m      !1    pi  t  'h        he 

zoogonidia  are  escaping,       d    h       th     w         t     ght  f      II      f  th     f I  m     t  tl  us 

appears  as  if  broken  at  tl        p  t      I     th    1  t  ral  hss  pp  1      igs 

lage,  which  the  observer  t     lly         t  k    th    f    m    f  pe    b     L  I  k  |  (F  g 

183,  B,  a),  through  which  th        th  d    nt  Ih        th  d       lesc     wihthe 

hyaline  part  of  the  prot  pi  f  th  ph  d   d  S4pp  I         d    t  ly     ft 

fertilisation  the  oosphere  d     ts  If  w  th       m      bra  h    h     ft  d     1  k      t 

contents,  assumes  a  brow         1  b  B  Ibocha-t     tl  t     t      f  th     oosp        thus 

formed  is  of  a  beautiful      d      Th  p  m  I      d        th     m  mb    n      f  th 

oogonium,  which  separate    f         th  ghb  g      11      f  th     tl  t       d  f  lis  t     the 

ground,  where  the  oospor    p  tp        dftWh        t         ktn  it, 

the  oospore  does  not  itself  fe  I  pi 

has  been  observed,  its  co  t     t   d     d        t     f 
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The  Conferva  e»  1  k  th  O  i  g  nieaj,  consist  of  rows  of  cells  or  segmented  fila- 
ments, which  th  a  nb  h  d,  as  in  Ch^tomorpba,  or  become  branched,  as  in 
Ctadopbora,  Rbr-  I  m  St g  ton  m  (Fig,  3),  Draparnaldia,  CBaaopiiora'.  With  re- 
ference to  th  p  d  ti  t  only  known  thit  macro-  and  micro-zoogonidia  are 
formed  in  th  11  f  th  fil  m  t  [thxiomorpha,  Ctadopbora),  the  sexual  significance 
of  which  Is  still  kn  wn  nd  th  t  the  other  above-mentioned  plants  resting-spores 
are  formed  in  certain  ceils  of  the  filaments.  Pringsheim  suggests  that  they  are  probably 
equivalent  to  oospores,  but  that  they  are  produced  pnrthenogenetlcally. 


I   proposed   by   Thuret',  a  few 
often  many  feet  long,  have  a 


greenish-brown  colour  and  a  cartilaginous  consistency.  They  are  fised  to  stones  or 
other  bodies  by  a  branched  attachment-disc.  The  thallomes  branch  dichotomously, 
and  the  further  development  is  also  frequently  forked,  but  in  other  cases  sympodial,  as 
in   Fig.  184.      The  ramifications,   irrespectively  of  later  displacements,  all  lie   in  one 


'  [The  IJlvaceffl  are  probably  allied  to  the  Confervaces.  In  them  the  cells  ; 
as  (o  form  a  delicate  membrane.] 

=  [According  to  Areschoug  (Nov.  Act.  reg.  soc.  scl.  Upsal.  ser.  3.  vol.  IX)  the  r 
o!  Cladophora  conjugate  in  pairs.] 

'  G.  Thurel,  Ann,  des  Sd.  Nat.  II.  ifliiJ.  p.  107. 
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The  tissue  consists  at  the  surface  of  small  closely- crowded  cells;  in  the  interior  it  is 
laxer,  and  the  elongated  cells  are  often  connected  into  articulated  threads.  The  cell-walls 
often  consist  of  two  clearly  distinct  layers,  an  inner  thin,  firm,  compact  layer,  and  an 
outer  gelatinous  one,  capable  of  swelling  greatly  in  water,  which  fills  up  the  interstices  of 
the  cells,  and  has  the  appearance  of  a  more  or  less  structureless  'intercellular  substance;' 
it  is  clearly  the  cause  of  the  slimy  character  which  the  Fucaeex  assume  after  lying  for 
some  time  in  fresh-water.  The  granular  cell-contents  have  been  but  little  investigated ; 
they  appear  to  be  mostly  brown,  buf  contain  chlorophyll  which  is  concealed  by  other 
colouring  materials;  from  dead  plants  cold  fresh-water  extracts  a  buff-coloured  sub- 
stance'. The  tissue  often  becomes  hollowed  out  internally  into  large  cavities  containing 
air  which  are  forced  outwards  and  serve  as  swimming  bladders.  The  thallus  has  not, 
as  far  as  I  know,  been  further  minutely  examined^;  the  outer  conformation  especially 
has  been  but  little  investigated  from  a  morphological  point  of  view.  (Cf.  Nageli,  Neuere 
Algensysteme.) 

The  mode  of  sexual  reproduction  is  far  better  known  through  the  labours  of  Thuret 
and  Pringsheim.  The  antheridia  and  oogonia  are  formed  in  spherical  hollows  (Con- 
ceptacles)  which  make  their  appearance  in  large  numbers  and  densely  crowded  at  the 
ends  of  the  longer  forked  branches  or  of  lateral  shoots  of  peculiar  form.  These  con- 
ceptacles  are  not  formed  in  the  interior  of  the  tissue,  but  are  depressions  of  the  sur- 
face which  become  walled  in  by  the  surrounding  tissue  and  so  overgrown  that  at 
length  only  a  narrow  channel  remains,  opening  outwards.  The  layer  of  cells  which 
clothes  the  hollow  is  thus  a  continuation  of  the  external  epidermal  layer  of  the  thallus; 
and  since  the  filaments  which  produce  the  antheridia  and  oogonia  sprout  from  it,  these 
latter  are,  morphologically,  trichomes.  Some  species  are  moncecious,  i.  e.  both  kinds 
of  sexual  oi^ans  are  developed  in  the  same  conceptacle,  as  in  Facus  plaiycarpus  (Fig. 
184) ;  others  are  dicecious,  the  conceptacles  of  one  plant  containing  only  oogonia,  those 
of  another  plant  only  antheridia  {e.g.  Facus  ■vesiculosus,  ierratiu,  and  nodoiui,  Hirnantbalia 

lored).  A  number  of  hairs  which  grow  in  the  conceptacles  among  the  sexual  organs  are 
long,  slender,  articulated,  but  unbranched,  and  project  in  f.  ptatycarfui  out  of  the  mouth 
of  the  receptacle  in  the  form  of  tufts  (Fig.  184,  B).  The  antheridia  are  produced  as 
lateral  ramifications  of  branched  hairs.  Each  antheridium  consists  of  a  thin-walled  oval 
cell,  the  protoplasm  of  which  splits  up  into  numerous  small  antherozoids ;  these  are 
pointed  at  one  end,  and  each  is  furnished  with  two  motile  cilia ;  in  the  interior  they 
contain  a  red  spot.  The  formation  of  the  oogonium  begins  with  the  papillose  swelling  of 
a  parietal  cell  of  th  pt    1      th    p  p  II  p      t  d    if  b       sept  d  d     d 

as  it  grows   in  1  ngth       t     t  11         1  w       th     p  d      I      II        d  pp  h    h 

forms  the  oogon    m     th  " 

filled  with  dark  p     t  plasn 
some  genera  (Py    ophy 
of  the  oogonium  th      1     m 
(OzothalUa  ■vulgarii),  or  eight  {Facuj).     Fertilisation  takes  place  outside  the  concep- 

'  In  a  recent  paper  (Comptes  Rendus  de  I'Acad.  des  Sci.  Feb.  2j,  iSfig)  Millardet  showed  that 
from  quickly-dried  and  pulverised  Fucacea;  an  oiive-green  extract  is  obtained  by  alcohol,  which, 
shaken  up  with  doable  its  volume  of  benzine  aud  then  allowed  to  settle,  produces  an  upper  green 
layer  of  benzine  containing  the  chlorophyll,  while  the  lower  alcoholic  layer  is  yellow  and  contains 
phycoianthine.  Thm  sections  of  the  thallus,  completely  extracted  with  alcciiol,  contain  also  a 
reddish-brown  substance  which  in  fresh  cells  adheres  to  the  chlorophyll-grains,  and  cau  be  extracted 
by  cold  water,  more  easily  when  the  dried  Fucus  has  been  previously  pulverised.  Millardet  calls 
this  reddish-brown  substance  phycoplueine.  (Compare  further  the  interesting  treatise  of  Rosanoff, 
Observations  sur  les  fonctions  et  les  propriet^s  des  pigments  de  diverges  Algues,  in  Mimoires  de  la 
Soci^t^  des  Sci.  Nat.  de  Cherbourg,  vol.  XIII.  1867  ;  and  Askenasy,  Bot.  Zeitg.  no.  47. 1869.)  [See 
also  Sorby,  Proe.  Roy.  Soc.  1873,  vol.  XXI.  pp.  445,  454,  4^1,] 

'  [See  Rostafinslii.  Beil.  z,  Kenntniss  der  Tange,  1876:  also  Bower,  Quart,  Journ.  Mic.  Sci. 
vol.  20,  new  series.] 
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tacies.  The  oospheres  are  espelled,  surrounded  by  an  inner  membrane  of  the  oogonium, 
and  escape  through  the  opening  of  the  conceptacle;  the  antheridia  at  the  same  time 
become  detached,  and  collect  in  numbers  before  the  mouth  of  the  conceptacle  when  the 
fertile  branches  are  lying  out  of  the  water  in  moist  air.  When  they  again  come  into 
contact  with  the  sea-water,  the  antheridia  open  and  allow  the  antherozoids  to  escape, 
the  oospheres  at  the  same  time  escaping  from  the  envelope  which  still  surrounds  them,  and 
which  is  then  seen  to  consist  of  two  separated  layers  (Fig.  185,  II),  The  antherozoids 
collect  in  numbers  around  the  oospheres,  become  firmly  attached  to  them,  and  when 
their  number  is  sufficiently  great,  their  movement  becomes  so  energetic  that  they  impart 
to  the  very  large  oosphere  a  rotatory  motion  which  lasts  for  about  half  an  hour. 
Whether  the  antherozoids  force  themselves  into  the  oosphere  Thuret  leaves  undecided ; 
but  analogy  with  the  processes  observed  by  Pringsheim  in  Vaucheria  and  (Edogamum 
scarcely  admits  of  a  doubt  that  one  or  several  of  them  mingle  their  substance  with  that 
of  the  naked  ball  of  protoplasm.  A  short  time  after  these  processes  are  completed,  the 
fertilised  oosphere  surrounds  itself  with  a  cell-wall,  fixes  itself  to  some  body  or  other, 
and  begins,  without  any  period  of  rest,  to  germinate,  and,  lengthening  at  the  same  time, 


undergoes  first  of  all  a  transverse  division  followed  by  numerous  other  divisions  The 
mass  of  tissue  thus  formed  puts  out  from  the  part  on  nhith  it  rests  a  root  like  hjaiine 
organ  of  attachment,  while  the  thiclt  free  end  forms  the  growmg  apex  (Fig   185,  H ) 

There  are  numerous  marine  Algie,  included  in  the  group  of  Fhaaosporece,  which 
resemble  the  Fucaccic  as  well  in  the  structure  of  their  vegetative  orgins  as  in  the 
presence  of  a  colouring-matter  mingled  with  their  chlorophjil  To  this  fcroup  belong 
the  often  enormous  Laminariex  {Macrocyst'u,  Laminaria,  Leiionia,  etc  ),  as  also  the 
smaller  Ectocarpese,  Sphacelarie£e,  Chordarieae,  and  DiLtjotere 

The  PhEeospore^e  are  reproduced  non-sexually  by  zoogomd  a,  a  mode  of  reproduc- 
tion which  does  not  occur  among  the  Fucaces,  In  some,  bodies  which  appeir  to  be 
antheridia  have  been  detected,  but  no  oogonia '. 


■  [Goebe!  has  observed  (Bot.  Zeitg.  1878)  the  conjugation  of  ioogon 
■.arpiis:  see  also  Berthold,  in  MittheiL  d.  Zool.  Stat.  Neapel,  II.  1881.] 
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the  whole  Fungus  whereas  it  is  onlj  the  product  of  a  process  of  sexual  reproduction 
whch  has  taken  place  on  the  vegetative  body,  the  mycelium.  In  such  cases  the 
process  of  the  life  historj  of  the  plant  is  similar  to  that  of  a  Fern ;  the  insignificant 
m}cel  um  corresponds  to  the  prothallium,  and  the  well- developed  sporocarp  of  the 
Fungus  to  the  epore  bearmg  Fern  If  we  consider  from  this  point  of  view  the 
xarKus  wiis  in  whith  tht  fru  t  is  f  rmi.  i  among  ihe  CarposporeK,  we  shall  find  (hat 
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ejed  passively,  and  m  most  Fun^i  by  tubular  outgrowths. 

Should  it  be  sug-gested  as  an  argument  against  the  existence  of  a  relationship 
between  the  true  Fungi  and  the  green  plants^  which  are  included  within  this  class, 
that  the  difference  of  habit  between  them  is  very  great,  it  might  be  replied  that  the 
tissue  of  many  Fungi  presents  striking  resemblances  to  that  of  many  Floridea.  The 
hyphal  tissue  of  many  gelatinous  Fungi  finds  its  analogue  in  the  gelatinous  tissue  of 
many  Floridefe.  The  rows  of  cells  too,  of  which  the  mycelial  filaments  (hyphre) 
of  Fungi  consist,  differ  only  in  habit  from  the  branched  rows  of  cells  of  which  the 
thallus  of  many  Coleochreteas  and  of  very  many  Floride^  consists. 

It  must  be  remembered  that,  in  order  to  detect  the  relationships  existing 
between  different  groups  of  plants,  the  simplest  and  not  the  highest  forms  are  those 
which  must  be  compared.  If  this  be  done  in  this  case,  it  becomes  evident  that  the 
simplest  Floridefe  are  connected  on  the  one  hand  with  the  ColeochEetcEe  and 
Characeje,  on  the  other  with  the  simplest  Ascomycetes.  Each  of  these  series  of 
forms,  however,  becomes  developed  into  higher  forms  in  some  particular  direction, 
and  so  if  the  most  perfect  Ascomycetes  be  compared  with  the  most  highly- developed 
FlGridese  and  Coleochajtese,  on'.y  a  very  slight  similarity  between  them  will  be 
detected. 
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FORMS  CONTAINING   CHLOROPHYLL- 

These  are  all  submerged  water  pkits  the  vegelitve  and  reproducti\e  organs 
of  wh  ch  h't^e  a  well  marked  tendency  to  clothe  themsehes  with  a  pecuhar  cortei 
This  IS  especially  remarkable  in  the  gtnus  Chat  t  and  it  w  11  be  described  m  deta  1 
hereafter  when  that  genus  is  under  consideration  It  lo  also  verj  evident  in  the 
Ceramiaceie  and  but  rudimentary  m  the  Coleochajteje  where  jt  is  conSned  to  the 
fruit  "^ide  by  side  with  forms  possess  ng  this  cortex  there  are  others  very  nearlj 
related  which  dj  not  possess  it 

In  all  ihe  jlanf    Lelonj,ing  to  this  group  the  fruit  is  snn!]  in  proportion  to  the 
thillus  which  bear^  it  and  the  alternation  of  generatirns  which  finds   ts  e\pression 
m  the  formation  of  the  fruit  is  therefore 
not  very  clearly  marked. 


A.  The  Coleoch^teje. 
The  carpogonium  is  unicellular  with  a  long 
triehogyne  opening  at  its  apex.  Fertilisation 
is  effected  by  antherozoids  which  are  formed 
either  in  special  small  branches  or  in  the  cells 
of  a  filament  which  have  undergone  division. 
In  the  basal  portion  of  the  fertilised  carpogo- 
nium there  is  a  cell  which  grows  considerablj', 
and  becomes  invested  by  outgrowths  derived 
from  neighbouring  cells.  In  the  ncKt  period 
of  vegetation  it  gives  rise  to  numerous  carpo- 
spores  in  the  form  of  zoospores. 

The  ColeocbastesE'  are  small  (about  i-z 
mm,)  fresh-water  Algx,  of  a  bright  green 
colour  and  constructed  of  branched  rows  of 
cells,  attached  in  standing  or  slowly-running 
water  to  the  submerged  parts  of  other  plants 
(e.g.  Bguiietum),  and  forming  circular  closely- 
attached  or  cushion-like  discs.  Their  chloro- 
phyll assumes  the  form  of  parietal  plates  or 
of  large  granules.  The  name  of  the  genus 
CoUochiete  (sheath-hair)  is  due  to  the  circum- 
stance that  certain  cells  of  the  thallus  bear 
lateral  colourless  bristles  fixed  in  narrow 
sheaths  (Fig.  i86,  A,  b).  If  the  phenomena 
of  growth  of  the  different  species  are  com- 
pared, two  extreme  cases  are  seen,  connected 
by  transitional  forms.  The  one  extreme  is 
formed  by  C.  di-vergens,  which,  as  it  developes 
from  the  spore,  produces  first  of  all  creeping 
irregularly-branched  articulated  threads;  from  these  spring  ascending  articulated 
branches  which  are  also  irregularly  branched ;  the  whole  thallus  does  not  assume 
any   definite    form.      In    C.  pul'vimita,    on    the    contrary,   the    thallus   forms   a    hemi- 
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Spherical  cushion  the  cellulat  fiLiments  «h  ch  are  the  result  of  germination  branch 
somewhat  irreguHrly  in  one  plane  but  lorm  something  1  ke  a  d  sc ;  from  theiii  rise 
up  ascending  articulated  branches  which  again  branch  and  torni  the  cushion.  In  the 
following  species  no  ascending  branches  are  formed  but  those  which  cling  to  their 
support  form  a  more  or  less  regular  disc  1 1  C  i  regularts  this  tabes  place  by  irregular 
ramifications  which  he  in  one  plane  gnduillj  filling  up  all  the  interstices,  till  an  almost 
uninterrupted  layer  of  cells  is  obtained.  In  C.  loluta  (Fig,  186),  on  Che  other  hand, 
a  dichotomous  ramification  commences  in  the  two  first  daughter-cells  of  the  germinating 
spore,  with  corresponding  cell-division  of  such  a  nature  that  even  at  a  very  early 
period  a.  closed  disc  of  radial  forked  branches  is  formed,  which  either  lie  loosely  or  are 
closely  crowded  side  by  side.  While  in  the  species  already  named  the  branches  arise 
laterally  from  cells,  but  never  from  the  terminal  cell  of  a  branch,  in  C.  loluta  we  have  the 
first  instance  of  dichotomy  as  well  as  regular  disc-shaped  centrifugal  growth,  a  condition 
which  attains  the  highest  development  in  C,  scutata.  In  this  species  the  cells  which 
result  from  germination  remain  from  the  first  united  laterally  and  do  not  form  isolated 
branches ;  the  circular  disc,  when  once  formed,  continues  to  grow  by  increase  of  its 
circumference,  the  mar^nal  cells  dividing  by  radial  and  tangential  walls.  This  mode 
of  growth  may  be  explained  in  this  way,  that  the  first  branches  are  united  laterally 
and  grow  with  equal  rapidity  in  a  radial  direction,  and  then  become  divided  by  septa 
(in  this  case  tangential) ;  while  the  broadening  of  Che  terminal  cell  of  each  radial  row 
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;  always  formed  from  the  entire  contents  of  the  mother-cell,  and  escape  through 
a  round  hole  in  its  cell-wall. 

The  carpogonium  is  always  the  terminal  cell  of  a  brinch,  and  hence  in  C  icutota 
the  terminal-cell  of  a  radial  row  (Nageli),  The  peculiar  mode  of  ita  development  is 
subject,  according  to  the  growth  of  the  piaut,  to  some,  though  siibordmate,  modih- 
catlons.  One  species,  C.  puMnata  (Fig.  187),  niaj  first  ot  all  be  examined  somewhat 
more  closely.  The  terminal  cell  of  a  branch  swelU  up  and  at  the  stme  time  elongates 
into  a  narrow  sac  (Fig.  187,  A,  og,  to  the  left),  which  then  opens  {og",  Co  the  right)  and 
exudes  a  colourless  mucilage.  The  protoplasm  of  the  swollen  part,  which  contains 
chlorophyll,  forms  the  oosphere  in  which  a  nucleus  is  visible.  The  antherldia  are  formed 
at  the  same  time  in  adjoining  cells,  two  or  three  protuberances  (^,  an)  growing  out, 
which  becorne  separated  by  septa;  each  of  the  cells  thus  formed,  which  have  somewhat 
the  shape  of  a  flask,  is  an  antheridium  ;  its  entire  contents  fornn  an  antherozoid  (e)  of 
oval  shape  with  two  cilia  which  is  endowed  with  motion  like  a  zoogonidium ;  its  entrance 
into  the  oogonium  has  not  yet  been  observed.  The  eflect  of  fertilisation  is  seen  in 
that  the  contents  of  the  carpogonium  become  surrounded  with  a  proper  membrane  and 
form  the  oospore.     This  now  grows  considerably,  and  at  the  same  time  the  formation  of 
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the  cortical  layer  (r)  of  the  carpogonium  commences ;  out  of  the  cells  that  support  it 
proceed  branches  (A,  og")  whicli  cling  closely  to  it.  These  again  form  branches  which 
also  cling  closely  and  divide  transversely;  the  branchlets  of  other  branches  also  ramify 
(B);  and  only  the  neck  of  the  carpogonium  does  not  become  covered  with  the  cortical 
layer.  All  this  happens  between  May  and  July;  later,  the  contents  of  the  remaining  cells 
of  the  plant  disappear,  and  the  walls  of  the  cortical  layer  of  the  carpogonium  assume 
a  deep  dark-brown  colour.  The  further  development  of  the  oospore  within  the  carpo- 
gonium now  covered  with  its  cortical  layer  begins  only  in  the  next  spring;  a  paren- 
chymatous tissue  Ls  formed  by  successive  bipartitions ;  the  cortical  layer  splits  and  is 


(«— i>  »  133,  afttr  PriiiEshedm), 


thrown  off  (Fig.  187,  C) ;  and  from  each  cell  arises  a  zoospore,  and.  from  this  again  an 
asexual  plant,  C.  scutaia  (the  most  abnormal  species)  deviates  from  these  processes 
only  so  far  that  in  it  the  carpogonia  provided  with  their  cortical  layer  lie  on  the  surface 
of  the  disc,  and  the  antheridia  are  the  result  of  divisions  of  disc-cells  into  fours. 

Pringsheim  {loc.  ck.)  has  already  pointed  out  various  relationships  existing  between 
the  Coleoch£Ete:e,  the  Floride^,  and  the  Characea;. 


B.    The  Florides. 

The  carpogonium  is  either  unicelhilar  or  composed  of  several  cells,  and  it  is  provided 
with  a  permanently-closed  trichogyne.  If  the  carpogonium  is  multicellular,  the  tri- 
ehogyne  is  borne  by  a  lateral  row  of  cells,  which  is  termed  the  trichophore.  Fertilisation 
is  effected  by  non-motile  rounded  antherozoids  which  become  attached  to  the  trichogyne. 
As  a  consequence  of  fertilisation  the  basal  portion  of  the  carpogonium,  which  does  not 
form  the  trichophore,  forms  a  great  number  of  spores  by  budding,  each  spore  being  the 
terminal  cell  of  a  short  branch.  The  mass  of  spores  is  usually  surrounded  by  an  invest- 
ment and  thus  a  cystocarp  is  formed. 

The  FloridesE'   are  a  group   of  Algae   of  extraordinarily  variable   form,  belonging, 

^  NSgeli  uiid  Cramer,  Pflanzenphys.  Unters.  Zurich,  Heft  I.  1855;  Heft  IV.  1857.— Thuret, 
Ann.  des  Sci.  Nat.  1855,  Recherches  sur  la  f^condation,  &c.— Prill gshcim,  Ueber  die  Befruchlg.  u. 
fteiLnong  der  Algen,  Berlin  if  55.— [Quait.  Jouin.  Micr,  Sc.  1856,  vol.  IV.  pp.  63,  124.]— Nagdi, 
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with  few  exceptions  {Balracboipermum,  HiUenbranJlia'),  to  the  sea.  In  the  normal 
condition  they  are  of  a  red  or  violet  colour ;  the  green  colour  of  their  chlorophyll  is 
concealed  by  a  red  pigment",  soluble  in  cold  water. 

The  Thallus  of  the  FlorideE  consists,  in  the  simplest  forms,  of  branched  rows  of  cells^ 
which  elongate  by  apical  growth  and  transverse  division  of  their  apical  cell.  An  appa- 
rent formation  of  tissue  occurs  in  many  Ceratniace^  (C,  Cramer,  Physiolog.  u.  system. 
Untersuch.  iiber  die  Ceramiaceen,  Ziirich,  1863)  from  the  branchs  growing  closely 
adpressed  to  their  mother-axes,  and  thus  surrounding  them  with  a  cortex,  reminding  one 
of  the  formation  of  the  cortex  in  Cbara.  In  other  Floridea:  the  thallus  is  a  flat  expan- 
sion of  cells,  but  often  consisting  of  several  layers;  in  some  (as  Bypaglosium  and  Deles- 
seria)  it  assumes  the  contour  of  stalked  leaves,  even  the  venation  being  represented ;  in 
others  (e.g.  Sph^rococcus  and  Gelidium)  it  consists  of  filiform  or  narrow  strap-shaped, 
masses  of  tissue,  which  ramify  copiously  {e.g.  PUcamium,  &c.).  In  all  these  cases  Nageli 
asserts  (Neuere  Algensysteme,  p.  348)  that  apical  growth  takes  place  from  an  apical  cell 
(in  Pehiomelia  possibly  from  several).  In  the  simpler  forms  the  segments  of  the  apical 
cell  are  formed  in  one  row  by  transverse  divisions,  in  others  in  two  or  three  rows  by 
oblique  walls.  One  group  which  comprises  a  large  number  of  species,  the  Melobesiacese 
(Rosanoif,  M^m.  de  la  Soc.  Imp.  des  Sei.  Nat.  de  Cherbourg,  vol.  XII.  1866),  forms  disc- 
like thaliomes,  which  grow  centrifugally  at  the  circumference  and  are  closely  attached 
to  the  substance  on  which  they  grow,  which  generally  consists  of  larger  Algie;  they 
resemble  CoUoch^k  scstata  in  their  size  and  mode  of  life,  but  their  thallome  generaliy 
consists  of  several  layers,  and  the  cell-wall  is  encrusted  with  lime. 

The  asexual  organs  of  reproduction  are  gonidia :  since  four  are  usually  formed  in 
a  mother-cell,  they  are  termed  Tetragonidia,  but  sometimes  only  one,  or  two,  or  eight 
are  formed.  They  do  not  occur  in  the  Nemaliea;.  When  the  thallus  consists  of  rows  of 
cells,  the  tctragonidia  are  produced  in  the  apical  cell  of  lateral  branches ;  in  the  rest  (with 
the  exception  of  the  Phyllophoracex,  according  to  Nageli)  they  lie  imbedded  in  the  tissue 
of  the  thallome,  often  in  branches  of  peculiar  shape,  in  great  numbers. 

The  sexual  organs,  antheridla  and  carpogonia,  are  produced  on  other  plants  of  the 
same  species;  the  sexual  plants  are  frequently  dicecious. 

Sitzungsb.  der  k.  bayer.  Altad.  der  Wissen.— Bomet  and  Thuret,  Aun  des  Sci.  Nat.  5th  series, 
vol.  VII.  1867.— Solms-Laiibach,  Bot.  Zeitg.  nos.  21,  22,  1867.  [See  also  Agtirdh,  Floiideemes 
Motphologie,  1880  ;  Kny,  Ueb.  Axillarknospen  bei  Florideen,  1873  ;  Thuret,  Etudes  phycologjques, 
1878 ;  Bomet  et  Thuret,  Notes  Algologiques,  1S76-B0;  Janczewski,  Le  developpement  des  cysto- 
carpes  dans  les  Florid^es,  Cherbourg,  1876;  Berthold,  Zur  Kennt.  d.  Bangiaceen  (Mitlh.  d.  Zool. 
Stat.  z.  Neapel,  1880)  ;  Solms-Lauhach,  CoraUineen  (Fauna  u.  Flora  d.  Golfes  von  Neapel,  i88j).] 
'  [Also  Lemaneaces,  Sirodot,  Ann.  des  Sd.  Nat.  5th  ser.  1872.  vol.  XVI,  and  Bangla.'] 
'  Bosanoff  extracted  the  red  colouring  matter  by  Cold  water,  and  examined  it  accurately.  In 
transmitted  light  it  is  carmine-red,  in  reflected  reddish-yellow  ;  the  grains  of  chlorophyll  also  show 
this  fluorescence,  and  when  the  red  colouring  matter  (the  phycoerythrine)  has'escaped  from  them  in 
consequence  of  injury  to  the  cells  they  are  green  ;  the  whole  plant  also  remains  green  when  the  red 
colouring  matter  ha?  been  extracted  by  water  or  destroyed  by  heat.  (Rosanoff  in  Compt.  Rend. 
April  9,  1866.)  Besides  the  chlorophyll-granules  coloured  red  by  phycoerythrine,  Cohn  found  in 
Bornelia  colouiless  crystalloids  of  an  albuminous  substance  which  are  coloured  a  beautiful  red  by  the 
colouring  matter  that  escapes  from  the  chlorophyll-granules  when  the  cells  are  Injured  or  killed. 
(Schullze's  Arch,  fiir  miht.  Anat.  Ill  p.  24,)  Cramer  had  previously  observed  crystalloids  of  this 
kind  in  Bornelia  which  had  been  preserved  in  a  solution  of  sodium  chloride,  and  had  accurately 
described  them;  according  to  him  they  are  partly  hexagonal,  partly  octahedral  (Rhodospei min). 
tVierteljahrschr.  der  naturf.  Ges.  in  Ziirich,  vol.  VII.)  Julius  Klein  (Flora,  no.  Ii,  1871)  found 
colonrless  crystalloids  in  Griffiiksia  barbala  and  neapetlUana,  Gongocsras  pdlucidum,  and  Callitkamraon 
semiaudum:  and  states  that  the  red  crystalloids  which  are  also  found  outside  the  cell-cavity  only 
appear  after  treatment  with  sodium  chloride,  alcohol,  or  glycerine,  since  their  colourless  matrix  takes 
up  the  diffusible  red  colouring  matter  of  the  Florides.  On  Phycoerythrine  see  Askenasy,  Bot.  Zeitg. 
no.  30,1867.  [Sorby.  Monthly  Mic.  Journ.  vol.  VI.  1871,  p,  124,  Van  Tieghem  has  detected  slarch 
in  the  Florfdc^,  Compt.  Rend.  1B65.] 
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The  Anlheriilia  are  either  single  cells  at  the  end  of  long  articulated  branches,  when, 
as  in  Batracbospermufi!,  each  produces  only  one  antherozoid,  or  tbe  mother-cells  of  the 
antherozoids  are  congregated  together  in  large  numbers  on  a  common  axis  as  the 
terminal  members  of  a  very  short  branching-system  (as  in  GeramiaccEe).  In  Nitophyllum 
they  densely  cover  certain  portions  of  the  surface  of  the  thallus  which  consists  of  a.  single 
layer  of  cells;  in  the  Melobesiaceie  they  are  produced  in  cavities  which  are  formed  by 
the  overarching  of  the  surrounding  tissue.  The  roundish  antherozoids  have  no  cilia  and 
do  not  swarm,  but  are  moved  along  passively  by  the  water;  some  of  them  are  thus 
brought  into  contact  with  the  trichogyne ;  they  adhere  to  it,  and,  in  consequence  of 
the  absorption  of  the  cell-walls  at  the  points  of  contact,  their  contents  pass  into  it. 
The  trichogyne  remains  otherwise  permanently  closed. 

According  to  the  structure  of  the  Carpogonium,  three  types  may  be  distinguished ; 

(i)  In  the  Nemaliese,  to  which  Bairachospermum  belongs*,  the  entire  female  organ 
consists,  as  in  the  GoleochicteiE,  of  a  single  cell,  which  is  prolonged  upwards  into  a 


trichogyne  (Fig.  i88,  /,  ()  After  fertilisation  the  bisal  portion  of  the  carpogonium 
becomes  multicellular  in  consequence  of  dnisions  having  taken  phce  (hig  188,  11,  .) 
The  cells  thus  formed  bulge  outwards  and  give  rise  to  a  dense  aggregation  of  short 
branches  (JV,  V,  c),  the  terminal  segments  of  which  are  the  earpospoies  This  simple 
sporocarp  acquires  in  Batracbospermum  a  loose  iniestment  by  the  outgrowth  of  pro- 
longations from  the  cell^  beneath  the  carpogonium, 

.{2)  In  the  Ceramies,  SpermothamnieK,  Wrangelie*,  &.Q ,  the  carpogonium  is  a 
multicellular  structure  before  fertilisation,  which  has  ari'sen  from  the  termmil  cell  of 
a  short  branch.  A  lateral  row  of  the  cells  bears  the  trichogyne,  and  n,  termed  the  tri 
chophore  (Fig.  189,  -^,/)  This  structure  undergoes  no  further  deielopement  after  the 
carpogonium  has  been  fertilised      Certain  other  cells,  however,  lying  in  the  neifehbour- 


'  As  to  Lemanea,  whuJi  probablj  belongs  to  Ihia  group,  set.  Sirodct  Ann  des  Sci  ^at 
5«  s^rie,  vol.  XVI.  1S72.  [Sirodot  (Compt  Kend  1873  and  1880}  has  found  that  the  spores  of 
Bairachospermum  produce  a  Chanlransia  from  which  ag'iin  Ihe  Balracho-ipermum  is  ileieli  ped] 
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hood  of  the  trichophore  are  stimulated  by  the  fertilisation  to  fresh  growth,  and  develope 
,s  closely-pacfeed  spores,  each  upon  a  short  stalk  (Fig.  189,  B,  g,  *).    In  Lijolhia 


(Fig.  190)  the  carpogonium  is  also  multicellular,  and  it  is  from  its  central  cell  that  the 
spores  are  developed,  whilst  the  outer  cells  grow  out  into  filaments  forming  a  closed 
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\vh  h  b  q  tl  pens  at  the  apex.  The  trichogyne  and  the  trlchophore 
can  be  observed  ly  g  t  m  lly  to  it  (Fig,  190,  tg).  It  h  evident  from  these  examples 
that  neither  th  t  hogy  e  no  even  the  cells  of  the  trichophore  undergo  any  further 
development  as  n  q  n  of  fertilisation,  but  that  it  is  in  cells  adjacent  to  them  that 
the  consequent  of  te  1 1  t  n  are  manifestedj  in  their  growth,  branching,  division,  and 
final  formation  of    p  Th     formation  of  an  investment  is  also  a  consequence  of 

fertilisation,     The  fi-uits  of  Floridese  are  usually  termed  Cyslacarps. 

(3)  The  most  complicated  and  most  extraordinary  process  of  fertilisation  was  found 
to  occur  by  Thuret  and  Bornet  in  the  genus  Dtidreinaya.  Here  the  cystocarps  are 
formed  upon  branches  other  than  those  which  hear  the  trichophore.  After  that  the 
long  trichogyne,  which  is  coiled  at  its  base,  has  been  fertilised,  tubular  branches  spring 
from  beneath  it,  which  grow  towards  the  true  fertile  carpogonial  branches.  Each  of 
these  latter  has  a  spherical  apical  cell  to  which  the  outgi-owth  from  the  trichophore  applies 
itself,  and  at  the  point  of  contact  the  cell-walls  become  absorbed.  The  apical  cell  of  the 
carpogonial  branch  which  has  thus  been  fertilised  becomes  distended  and  filled  with 
protoplasm ;  it  becomes  isolated  by  the  fornution  of  cell-walls,  and  then  gives  rise  to  the 
cystocaip.  These  tubular  outgrowths  convey  the  fertilising  effect  from  a  single 
trichogyne  to  nurnerous  carpogonial  branches,  and  thus  one  act  of  fertilisation  suffices 
for  the  developement  of  several  cystocarps  on  different  branches'. 

C.    The  CHjiRACEiE^. 
The  carpogonium  consists  of  one  relatively  large  cell  and  several  smaller  ones.     The 
latter  are   known  as  '  Wendung      II  dpbbljpest  yd  ty 

trichophore,  the  trichogyne  of  wh    h  d       1  ped      F  rt  1  sat  ff    t  d  by 


of  filiform  antherozoids  which  are  t         d           y 

k  bl        th     d         Tl           p 

nium  Is  invested  before  fertiiisat       by  fi       p     lly 

d       11       h    h             f           t 

stalk -cell.     As  a  consequence  of  f    til     t       th    1    g 

11     f  th          p                 b 

a  resting  spore,  producing,  by  it    g    m      t             p 

b  y      f    m      h    h  th               I 

plant  springs  as  a  lateral  shoot.     N    g       1            Ira 

d 

Th    Ch         ie            bn     g  d    q    t     pi    t 

t    g        h    g        d       d  g          g 

erect,    tt        g  a  h    ght     f  t         -^        t      t 

t            1         t        g     b     d 

of  chl      phyll      Th  y                 y  si     d        1     m    g     t 

m        d  1               ly  i  t 

in  thi  k             W  th          Ig    I  L     h  b  t  th  >  p 

d  1     t      t      t        th    gh 

times    tt        g  g     t      h             f        th    d  p     t 
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live  greg  n       ly  mostly                d  d  t  tt       t  th     b  t 
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globe,  there  prevails  nevertheless        gr    t            f 
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into  two  genera. 

'  [This  mode  of  ferlilisation  has  been  detectsd  by  Thuret  and  Bornet  in  Po!yides  roiundu^,  also 
by  Berthold  in  Halymeida  Floresia  and  ulvoiiUa,  Nimasloma  dicholoma  and  cervicorais.  GraUloupia 
Comenlinii,  fiUcina,  and  dicholoma.  and  by  SchirnU  in  the  Squamarieie  ;  see  Falkeiiberg,  Die  Algen, 
1881.] 

'  A,  Braun,  Ueberdie  Rich.tnngsverhaltniase  der  Saftstrdme  in  den  Zellen  der  Charen,  in  Monala- 
l)eiichte  dcr  Berliner  Akad.  der  Wisa.  1852  and  1835. — Pnngsheim,  Ueber  die  nacktfussigen  Vorkeime 
der  Charen.  in  Jahrb.  f.  wissen.  Bot.  1864,  vol.  III.— Nageli  Die  Rotationsstromung  der  Charen,  in 
bis  Beitragen  zur  wissen.  Bot  i860,  vol.  II.  p.6i. — Thuret,  Sur  les  antheridies  des  cryptogames, 
Ann.  des  Sci.  Nat.  1S51,  vol.  XVI.  p.  19. — Montague,  Multiplication  des  charagnes  par  division, 
ditto,  iSjj,  vol.  XVIII.  p,  65.— Gijpperi  u,  Cohn,  Ueber  die  Rotation  in  NUelta  flexilis.  Bo(.  Zeitg. 
1849.— De  Bary,  Ucber  die  Befiuchluiig  der  Charen,  Monatsber.  der  Berliner  Akad.  May  1871. 
[For  additional  Bibliography,  see  l.iiidley.  Vegetable  Kingdom,  3id  edit.  p.  28  ;  also  Journal  of 
Botany,  1878,] 
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From  the  carpospore  of  the  fruit  of  Cbara^  the  sexual  leaf-forming  plant  is  not 
immediately  developed,  but  a  Pro-embryo  precedes  it,  which,  attains  only  small  dimen- 
sions and  consists  of  a  single  row  of  cells  with  limited  apical  growth.  The  stem  of 
the  Leaf-beariag  Sexual  Plant  springs  from  a  cell  which  lie's  at  some  distance  from 
the  apex  of  the  pro-embryo  and  grows  in  a  direction  nearly  at  right  angles  to  that  of 
its  axis.  The  unlimited  apical  growth  of  the  plant  depends  on  an  apical  ceil  {Fig.  192, 
C,  t)  from  which  segments  are  cut  off  by  transverse  septa.  Each  segment  immediately 
divides  again  by  a  transverse  septum  into  two  superposed 
cells,  the  lower  one  of  which  {g)  always  grows  without 
further  division  into  a  long  intemode  (frequently  5  to  6cra. 
in  length);  the  upper  one  scarcely  lengthens,  but  is  first 
divided  in  half  by  a  vertical  wall,  and  each  half  then 
divides  by  further  successive  septa  so  as  to  form  a  whorl 
of  peripheral  cells  (i).  From  the  node  thus  constituted 
the  leaves  are  developed,  each  from  a  peripheral  cell, 
and  the  normal  lateral  branches,  which  always  originate 
from  the  axil  of  the  first  or  of  the  two  first  leaves  of 
the  whorl.  The  leaves  of  such  a  whorl,  from  4  to  lo 
in  number,  repeat  in.  a  modified  manner  the  develop- 
ment of  the  stem,  but  their  apical  growth  is  limited ; 
after  the  formation  of  a  definite  number  of  segments, 
the  apical  cell  ceases  to  divide  and  grows  into  the 
terminal  cell  of  the  leaf  which  is  usually  pointed  (Fig. 

9    A  b")    From  these  leave  "lateral  le  fit        >     "     ' 

m  1     m  t    th  t         h    1  th    1  th  ms  1 

h       b        fmedtmth      (  dthlBtsmy 

g  t        p    d  th         f      hgh         d         Tl 


th  t  th      Id    t  1 


1     >    d 
1  th 


pd 


th 
h     fth 


f  th    wh 

Ea  h 

es     f    h   h 
1    f  th      Id 

th 


Id    t  1 


t  th 

t    (Fg 


t  gft  (4^ether 


hi       p    t  th     p  m    y    t  II 

)  I  his  I  dj  b  m  t  d  th  t 
undergo  a  segmentation  similar  to  that  of  the  stem;  they 
also  consist  at  first  of  very  short  intemodes  which  are 
afterwards  greatly  elongated  (Fig.  192,  B,  y),  and  are 
separated  by  inconspicuous  transverse  plates  or  nodes. 
From  these  the  leaflets  arise  in  whorls  the  members  of 
which  are  formed  in  succession,  but  they  are  directly 
superposed  one  above  another,  and  do  not  alternate 
lite  the  whorls  of  primary  leaves  (Fig.  1 

(the  basal  node),  by  which  it  is  united  with  the  stem-node,  and  so  is  each  leaflet 
with  its  primary  leaf.  These  basal  nodes  are  the  points  of  origin  of  the  formation 
of  the  cortex   which,   in  the  genus   Chara,   covers  the   internodes  of  the   s 


Each  leaf  begins  with  a  node 


'  This  has  not  yet  been  observed  in  NilsUa,  [See  De  Bary,  Zur  Keimungsgeschichte  der 
Charen,  Bot.  Zeitg.  1875.  The  carpospore  is  first  divided  by  a  wall  at  right  angles  to  its  long  asis 
into  a  small  upper  and  a  large  lower  cell.  The  npper  cell  is  then  divided  by  a  wall  at  right  angles 
to  the  first  into  two  equal  cells ;  from  one  of  these  the  pro-embryo  is  developed,  from  the  other  the 
'  primary  root.'] 
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is  wanting  m  Nitelh  Ixora  the  bisil  node  cf  eich  leat  one  distinct  cortical  lobe 
runs  downwards,  and  one  upwards^  (Fig  19  r  r,  r  ,  and  Fig.  194).  In  the 
middle  of  each  internode  therefore  as  nnnj   descending   cortical  lobes  as  there  are 


leaves   in   the  whorl  meet  with  the  cortical  lobes  that  ascend  from  the  whorl  next 
below.     The  number  of  the  latter  is,  however,  smaller,  because  the  leaf  in  the  axil 


of  which   the  lateral  branch  arises  docs  not  form  an  ascending  lolie.      The  cortical 
lobes  are  in  close   contact  laterally,  and   form   a   closed   envelope   round   the   inter- 

'  The  first  intemode  of  CTery  branch  and  leaf  becomes  covered  willi  a  cortes  derived  only  fiom 
the  descending  corlical  lobes  of  the  next  node  above. 
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node,  the  ascending  and  descending  lobes  dove-tailing  in  a  prosenchymatous  manner. 
The  formation  of  the  cortex  takes  place  so  early  that  the  elongating  internode  is 
covered  by  it  from  the  first,  the  lobes  keeping  pace  with  its  extension  in  length  and 
thickness.  Each  lobe  continues  fo  grow,  like  the  stem,  by  means  of  an  apical  cell,  which 
becomes  segmented  hy  transverse  septa ;  out  of  each  of  the  segments  cortical  internodal 
and  nodal  cells  are  formed  by  repeated  divisions.  The  latter  divide,  by  successive  septa, 
into  an  inner  cell  (Fig.  194,  D,  c),  in  contact  with  the  internode  of  the  stem,  and  three 
outer  cells,  the  middle  one  (/)  of  which  commonly  grows  into  the  fornt  of  a  spine  or 
"knob,  resembling  a  leaf.  The  outer  lateral  cells  (n  n)  of  the  cortical  node,  on  the  other 
hand,  following  the  elongation  of  the  internode  itself,  grow  into  longer  tubes,  so  that 
each  cortical  lobe  consists  of  three  parallel  rows  of  cells,  the  middle  row  however 
containing  alternately  short  and  long  (internodal  and  nodal)  cells.  The  cortex  of  the 
leaves  is  derived  from  the  leaflets,  and  its  formation  is  much  simpler  (Fig.  igj,  C-E,  br). 
From  the  basal  nodes  of  Chara  other  foliar  structures  also  arise,  both  on  the  inner  and 
outer  side  of  the  base  of  the  leaf  (Fig.  193,  5),  which  Braun  calls  Stipules;  they  are 
always  unicellular,  and  are  sometimes  very  short,  sometimes  elongated. 

The  nodes  are  the  parts  from  which  all  the  lateral  members  of  the  Characese 
originate.      The  root-like  structures  or  Rhizaids  spring  from  the  outer  cells  of  the 


lower  nodes  of  the  primary  shoot,  and  consist  of  long  hyaline  tubes  growing  obliquely 
downwards,  and  elongating  only  at  their  apex.  They  are  formed  by  the  outgrowth 
of  flat  cells  at  the  circumference  of  the  node,  and  are  therefore  attached  to  it  by 
a  broad  base;  but  the  bases  of  the  stouter  rhizoids  themselves  divide  still  further, 
giving  rise,  especially  at  the  upper  margin,  to  small  flat  cells  from  which  slender 
rhizoids  are  developed.  The  rhizoids  are  segmented  by  only  a  few  septa  which  lie 
far  behind  the  growing  apex,  and  have  at  first  an  oblique  position.  The  two  ad- 
joining cells  abut  upon  one  another  like  two  human  feet  placed  sole  to  sole.  The 
branching  always  proceeds  only  from  the  lower  end  of  the  upper  cell  (Fig,  195,  B)\ 
a  swelling  is  here  formed  which  becomes  cut  off  by  a  wall,  and  by  further  division 
produces  several  cells  which  grow  into  branches ;  these  therefore  stand  on  one  side 
like  a  tuft.  The  tubular  cells  composing  the  rhizoids  attain  a  length  of  from  several 
millimetres  to  more  than  two  centimetres,  with  a  thickness  of  from  ^  to  ^  mm. 

The  Vegetative  Reproduction  of  GharaceiE  always  proceeds  at  the  nodes,  and  has 
three  modifications :— (i)  Tuberous  formations  called  Butbils  (starch-stars)  which  occur 
in   Cbara  stelligera.     They  are    isolated   underground  nodes   with   greatly  abbreviated 
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often  become  detached  from  the  intertiode  and  grow  free,  curling  upwards,  while  the 
leaves  of  the  lowermost  whorl  often  do  not  form  nodes.  (3)  The  Pro-embryonic 
Branches.  These  spring,  together  with  the  last,  from  the  nodes  of  the  stem,  but 
are  essentially  different  from  the  branches,  and  have  a  similar  structure  to  the  pro- 
embryos  which  proceed  from  the  spores.  Like  the  last,  they  have  only  been  observed 
in  Chara  fragilis  (by  Pringsheim).  A  cell  of  the  node  protrudes  and  grows  into  a 
tube,  and   its  apex  becomes  separated  by  a  septum.      In   this  growing  terminal   cell 
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further  divisions  take  place,  till  the  'apex  of  the  pro-embryo'  which  proceeds  from 
it  consists  of  a  row  of  from  three  to  six  cells.  Beneath  the  apex  of  the  pro-embryo 
(Fig,  196,  C,  a,  i)  the  tube  swells,  and  the  distended  part  becomes  separated  by 
3  septum  as  a  cell  which  Pnngsheim  calls  the  'bud  rud  ment  (Fig  196,  C  mcluditig 
the  parts  trom  -v  to  d)  This  cell  is  now  divided  by  two  oblique  walla  nto  three 
cells  the  middle  one  of  wh  ch  (q)  lengthens  into  a  tube  (like  an  internode)  while  the 
upper  and  lower  ones  reman  short  Out  of  the  lower  cell  I'i  afterwards  formed  a 
root  producing  le\fless  node  (F  g  196  J  and  Fig  igr  d)  while  the  upper  one  wh  ch 
lies  between  the  apet  of  the  pro  embryo  a  b  and  the  elongated  cell  q  becomes  the 
axis  of  the  new  generation  It  beeo  nes  arched  on  one  s  de  outwards  and  div  des  in 
succession  into  the  cells  I  II  III  and  1  Eich  ot  the  ceils  /  II,  and  III  becomes 
transformed  by  dmsions  mto  a  di^  of  cells  oi  transitional  node  three  of  which  thus 
stand  over  one  another  w  ith 
out  intermediate  internodes 
Their  htenl  cells  grow  right 
and  left  and  form  imperfect 
leaves  of  different  lengths  The 
II     h   hi  t  rm  t  (Fg 

) 


96  C 


f  d 
esp     d    g  t     tl 


h   h 


d  pl      n 
E     96   C 


b  y    t    b    p    h  d 


d  ///  b     g     b     t 
pe  as   f  tl         i  i 

1  t  ^  th    f        d 

d   tl      b  d     f  th 
hoot   thus       m       t 


oniumlx  abouts*    iayo 


th       p-*    I 
A)        It    th 


1  th 


iFg      96 

E  h    h 


g    pore  is  now  compared  with  the  pro-embryonic  branch, 
th     p    t     t  h        I  t,y  t  fail  to   be   observed   which   Pringsheim  pointed  out   in 

th     p  rts   th  t       li   b     f       d   indicated   by  the   same   letters   in  Figs,   191   and   196; 
b  t  th     p  1    y       f  th      pore  has  in  addition  a  small  node  at  the  opening  of  the 

spore   trom   which   a   rhwoid,  sometimes   called   the   primary  root   of  Chora,  springs 
(Fig.  191,  w'). 

The  Anthtridia  and  Carpogoaia  are  always  borne  by  the  leaves.  An  antheridium 
is  in  all  cases  the  metamorphosed  terminal  segment  of  a  leaf  or  of  a  leaflet,  and  the 
carpogonium,  in  the  moniEcious  species,  arises  close  beside  the  antheridium  from  the 
basal  node  of  the  same  leaflet  (Cbara)  or  from  the  last  node  of  the  leaf  bearing  a 
terminal  antheridium  (Nitelia);  hence  in  the  moncecious  Niteilat  the  carpogonia  are 
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placed  below,  in  the  Charas  above  or  by  the  side  of  the  antheridium.     In  the  direcious 
species  of  course  no  such  relation  of  position  can  exist,  but  the  morphological  signi-    . 
ficance  of  these  organs  and  the  place  of  their  origin  are  the  same.     We  will  now 
consider  the  structure  of  these  organs  when  they  are  fully  developed. 

The  Antberidia  (Globules)  are  globular  bodies  \  to  i  mm.  in  diameter,  at  first  green, 
then  red.  The  wall  consists  of  eight  flat  cells,  four  of  which,  situated  around  the  distal 
pole  of  the  ball,  are  triangular,  while  the  four  situated  around  the  base  are  quad- 
rangular and  become  narrower  below;  each  of  these  cells  forms  a  segment  of  the 
shell  of  the  ball,  and  are  called  Shields.  When  unripe  their  inner  cell-wall  is  covered 
with  green  chlorophyll-granules,  which,  in  the  ripe  slate,  are  of  a  red  colour.     Since 


the  out  w  II  d  t  tute  of  these  granules,  the  outside  of  the  ball  appears  clear 
and  tra  p  t  (F  97,  A).  From  the  lateral  walls  several  folds  of  the  cell-wall 
penetrat  t  d  th  ddle  of  each  shield,  which  gives  them  the  appearance  of  being 
lobed  i  d  r.  From  the  middle  of  the  inner  face  of  each  shield  a  cylin- 
drical 1!  p  J  ards,  nearly  to  the  centre  of  the  hollow  globule;  this  cell 
is  called  th  ^  h  »;  at  the  central  end  of  each  of  the  eight  manubria  is  a 
roundish  hi  II  tl  Capitulum.  The  flask-shaped  cell  which  supports  the  antheri- 
dium al  p  t  t  the  interior  between  the  four  lower  shields;  and  these  twenty- 
five  cell  f  th  f  mework  of  the  antheridium.  Each  capitulum  bears  usually 
six  small           II    (  ry  capitula),  and  from  each  of  these  grow  four  long  slender 
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whip-shaped  filaments,  which,  being  coiled  round  and  round,  fill  up  the  interior  of  the 
globule  (Fig.  198,  B).  Each  of  these  filaments  (the  number  of  which  amounts  to  about 
2oo)  consists  of  a  row  of  small  disc-shaped  cells  (Fig.  198,  B,  E,  F),  numbering  from 
100  to  200.  In  each  of  these  30,000  to  40,000  ceils  is  formed  an  antherozoid,  a  siender 
spiral  thread,  thickened  behind,  and  bearing  at  its  pointed  end  two  long  fine  cilia 
(Fig,  198,  G),  When  perfectly  ripe,  the  eight  shields  fall  apart,  their  spherical 
curvature  becoming  diminished;  the  antheroKoids  leave  their  mother-cells  and  move 
about  in  the  water.  This  breaking  up  appears  generally  to  happen  in  the  morning, 
and  the  antherozoids  are  in  motion  for  some  hours,  till  evening. 

The  mature  Carpogomum  (Nucule),  when  ready  for  fertilisation,  ts  a  longer  or 
shorter  prolate  spheroid ;  it  is  placed  upon  a  short  pedicel,  visible  externally  only  in 
Nitella,  and  consists  of  an  asial  row  of  cells,  closely  surrounded  by  five  tubular  cells 
which,  are  coiled  round  it  spirally.  The  whole  must  be  considered  as  a  metamorphosed 
branch.  The  lowest  cell  corresponds  to  the  lower  internode  of  a  branch;  it  bears  a 
short  central  nodal  cell,  around  which  the  five  enveloping  tubes  spring  lilie  a  whorl  of 
leaves.  Above  the  nodal  cell  rises  the  peculiarly  developed  apical  cell  of  the  branch,  very 
large  as  compared  to  the  other  parts  and  ovoid.  At  its  base,  immediately  above  the 
nodal  cell,  an  n  n  p  u  us  h  al  ne  11  separated  at  an  early  stage  in  Cbara;  in  Nile/la 
a  somewhat  d  h  p  d  g  up  f  1  cells  takes  its  place,  which  have  been  termed 
by  Braun  '  W  nd  g  11  ad  !  h  I  consider  as  forming  a  very  rudimentary 
trichophore.  The  la  ge  ap  al  U  of  the  earpogonium  is  filled  with  a  number  of 
drops  of  oil  an  1  g  n  of  arch  a  w  11  as  with  protoplasm  ;  it  contains  pure  hyaline 
protoplasm  only  n  t  ap  al  g  n  (  h  apical  papilla).  The  enveloping  tubes,  which 
contain  a  quantity  of  chlorophyll,  project  above  the  apical  papilla  and  bear  the  Crown, 
consisting  in  Chara  of  five  larger,  in  Nitella  of  five  pairs  of  smaller  cells,  which  have 
already  been  separated  at  an  early  stage  from  the  enveloping  tubes  by  septa.  Above  the 
apical  papilla  and  beneath  the  crown,  which  forms  a  compact  lid,  the  five  enveloping 
tubes  form  the  neck  which  encloses  a  narrow  cavity,  the  apical  cavity;  above  the 
papilla  this  cavity  is  of  an  obconical  figure  narrowing  upwards,  the  five  segments 
of  the  neck  projecting  and  forming  a  kind  of  diaphragm,  through  the  central  very 
narrow  openit  g  f  1 '  h  th  '  w'th  the  upper  roomy  part  of  the  apical  cavity 
isefiected.     Th  1      d    b        bytl     crown;  but,  at  the  time  of  fertilisation,  it  opens 

esternally  by  fi       1  Its  b  t  ee    tl  nal  cells ;  and  through  these  clefts  the  anther- 

ozoids penetra  h      p      1    p        filled  with  hyaline  mucilage,  to  find  their  way  into 

the  apical  pap  11      t    h  pi  1    re  the  cell-wall  is  apparently  absent.     After 

fertilisation  th      hi      phyll  g         1  the  envelope  become  reddish-yellow,  the  wall  of 

the   tubes  wh    h   1  t    h  ph         increases  in  thickness,  becomes  lignified,  and 

assumes  a  bla  k       I  d  thu      h     oosphere,  now  transformed  into  a  carpospore, 

becomes  surro  d  d  by  a  h  d  hi  k  hell  with  which  it  falls  off,  to  germinate  in  the 
next  autumn  o     p     g 

With  regard  to  the  vinous  processes  of  development,  I  will  here  describe  only  those 
of  the  anthcridia  and  carpogonia. 

Antheridla.  The  order  of  development  of  the  cells  has  already  been  exhaustively 
described  by  A.  Braun  in  the  case  of  Nitella  syncarpa  and  Chara  Baueri;  it  agrees  with 
that  of  Nitella  Jlexilis  and  Chara  fragilis.  In  Nitella  the  terminal  cell  of  the  leaf  becomes 
the  antheridium ;  the  oldest  leaf  of  a  whorl  first  forms  its  antheridium,  the  others  follow 
according  to  their  age  ;  the  antheridia  are  recognisable  even  in  the  earliest  state  of 
the  whorl  of  leaves.  In  Fig.  200,  A,  is  shown  a  longitudinal  section  through  the  apex 
of  a  branch,  (  being  its  apical  cell ;  its  last-formed  segment  has  already  been  divided 
by  a  septum  into  a  nodal  mother-cell  K"and  an  internodal  cell  lying  beneath  it;  beneath 
this  lies  the  node  with  the  last  whorl  of  leaves;  h  is  its  youngest  leaf,  bK  the  basal  node 
of  the  oldest  leaf  which  already  consists  of  the  segments  /,  II,  III;  a  is  the  terminal  cell 
of  this  leaf  which  is  becoming  transformed  into  the  antheridium.  While  the  antheridium 
is  becoming  developed,  the  leaf  also  undergoes  still  further  changes  which  must  he  first 
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considered.     The  scgnient  ///  becomes  the  first  iiiternode  of  the  leaf,  U  becanie?  a  node 
from  which  are  developed  the  lateral  Icallets  nb\a  CandD.     The  cdl  I  divides  into  two 


s  short  wh  le  tl  e  upper  gro  vi 


)  a  flask-shaped  cell 


(C,  t),  the  lower  of  which  n 

(Fig.  200,  D,f,  and  Fig.    01  /) 

The  globular  mother-cell  of  the  anther  d  um  (F  (,   200   j1,  a)  first  of  all  divides  into 

two  hemispheres  by  a  vertical  wall  passing  through  the  axis  of  the  leaf ;  each  of  these 

is  divided  into  two  segments  by  a  vertical  wall  at  right  angles  to  the  first ;  in  each  of  the 
four  quadrants  a  third  division  takes  place  hori- 
zontally and  at  right  angles  to  the  two  last  walls ; 
and  the  antheridram  non  consists  ot  four  lower 
■jnd  four  upper  octants  of  a  phere  Contrac 
tion  b\  ghcerme  clearl;  shows  that  each  of 
these  divisions  if  the  protoplasmic  body  is  com 
pletely  effected  before  the  ^ppeirance  of  the 
cellulose  wall  (Fig  00  B)  the  second  division 
eitn  takes  place  before  the  wall  has  arisen 
between  the  two  first  formed  halves  and  the 
tour  quadrants  may  be  made  to  contract  without 
anj  wall  being  visible  between  them  In  Fig 
00  B  the  third  division  has  also  tiken  place 
the  -second  vertical  wall  is  alreadj  tjrmed  and 
the  two  quadiants  there  visible  are  already 
divided  but  no  horizontal  wall  has  yet  ippeirccl 
In  Fig  00  A  a  are  shown  tl  e  eight  octants 
in  per  pective  together  with  their  nuclei  Each 
(ctant  new  breaks  up  first  of  all  into  an  outer 
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C);  the  latter  i 
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sts  of  an    innet 


the  formation  of  intercellular  spaces  (Fig.  201). 
shields,  the  side-walls  of  which  show  even  a 
already  mentioned;  they  grow  more  strongly 


d  t  II  (D,  i,  m,  f).     Up 

t  m     th     gl  b         m    ns  solid,  and   all 
.  I       1        t  nother ;  but  now 

q  1  g  wth,  and  with  this 
The  eight  outer  cells  {e)  are  the  young 
an  earlier  period  the  radial  infolding 
n  a  tangential  direction  than  the  inner 


vGooqIc 


CARPOSPOREM.  301 

cells,  the  outside  of  the  globe  increasing  mure  rapidly  than  the  inside;  the  middle  cells 
(in),  which  form  the  manuhria,  remain  attached  to  the  centres  of  the  shields,  but  are 
separated  from  one  another  by  the  tatigential  growth  of  the  shields;  they  grow  slowly  in 
the  radial  direction :  the  innermost  cell  i  of  each  octant  is  rounded  off  and  becomes  the 
capitulum. 

The  cellyin  Fig.  200,  B,  now  also  grows  quickly,  and  forces  itself  between  the  four 
lower  shields  into  the  interior  of  the  globe  ;  it  becomes  the  flask-shaped  cell,  upon  the 
apes  of  which  rest  the  eight  eapitula.  In  Fig.  201  this  condition  of  the  antheridiuni 
is  shown  in  longitudinal  section ;  here  the  walls  of  the  eapitula  bound  the  intercellular 
spaces  which  Jiave  now  been  formed  and  are  filled  with  fluid ;  they  put  out  branches  (c) 
which  become  septate,  and  again  ramify  and  these  branches  elongate  b)  apical  growth 
and  also  become  septate.  Their  basal  cells  swell  up  mto  a  roundish  shipe,  and  form 
the  secondary  eapitula,  upon  wl  ich  stand  the  wh  p-shaped  filaments  consisting  of  the 
discoid  cells  which  are  the  mother  cells  ot  the  antherozoids  (Compare  Fig.  201  with 
Fig.  198,  B.) 

The  antheridia  of  Cbara  fragihs  are  produced  by  metamorphosis  of  those  leaflets 
which  form  the  innermost  row  on  a  leaf,  and  m  tact,  as  is  shown  m  Fig,  203,  the 
development  advances  downwards  on  the  primary  leaf.  The  succession  of  cells  and  the 
mode  of  growth  show  no  noteworthy  differences  from  those  of  NitMa ;  the  flask -shaped 
pedicel  is  here  placed  on  a  small  cell  wedged  in  between  the  cortical  cells,  which  is  the 
central  cell  of  the  basal  node  of  the  leaflet :  Braun  asserts  that  this  cell  is  present  also  in 
sterile  leaves,  but  I  have  not  succeeded  in  finding  it. 

Aatheraaoidi.  The  whip-shaped  filaments  in  which  the  antherozoids  arise  do  not 
grow  merely  at  their  apex,  but  have  also  an  intercalary  growth.  This  is  shown  by  the 
elongated  cells  in  the  middle  of  young  filaments,  each  with  two  nuclei,  between  which  no 
division-wall  has  yet  been  formed  (Fig.  198,  C).  The  longer  the  filaments  become,  the 
more  numerous  are  their  divisions,  until  at  length  the  individual  cells  have  the  appearance 
of  rather  narrow  transverse  discs.  The  further  development  of  the  contents  of  these 
mother-cells  of  the  antherozoids  progresses  backwards  from  the  end  of  the  filament ; 
the  antherozoids  are  formed  in  basipetal  order  in  each  filament.  At  first  the  nucleus 
of  each  mother-cell  lies  in  its  centre,  later  it  places  itself  in  contact  with  one  septum  ; 
the  nucleus  then  disappears,  and  its  substance  becomes  mixed  with  that  of  the  pro- 
toplasm, which  now  forms  a  centra!  discoid  mass  in  the  mother-cell,  surrounded  by 
a  hyaline  fluid  (Fig.  198,  £J.  From  this  is  formed  the  antherozoid,  and,  when  it  is 
mature,  there  is  no  granular  protoplasm  left  over  in  the  cetP.  The  antherozoids  begin 
to  rotate  even  while  within  their  cell,  and  escape  out  of  it  after  the  rupture  of  the 
antheridium;  the  filiform  antherozoid  has  in  Nltella  »  or  3,  in  Ciara  3  or  4  coils;  the 
posterior  thicker  end  contains  a  few  glistening  granules, 

Tbe  De-velopment  of  the  Carpoganium  has  already  been  described  in  detail  by  A.  Braur  ; 

I  have  also  studied  it  in  Nitella Jlexilis  and  Cbara  fragilh.     In  Nitella  ftexills  it  springs 

from  the  node  of  the  leaf  beneath  the  antheridium  (Fig.  199,  B  and  C);  its  origin  is 

much  iater  than  that  of  the  latter.     Fig.  aoa.  A,  represents  a  very  young  carpogonium ; 

the  lowest  cell  of  the  pedicel  (*)  bears  the  small  nodal  cell  with  the  five  rudiments  of 

the  enveloping  tubes  (i),  (two  only  are  shown  here  in  longitudinal  section).     Above  the 

dal      11  !*       th       p'     I      11  (i)  of  the  branch,  for  such   is  the  nature  of  the  carpo- 

g  B      p    se  rth  r  stage  of  development,  in  which  the  first  of  the  cells, 

d     g        d  b  B  h        V'endungszellen,'  has  already  made  its  appearance,  and 

p  pp        d   in   the   upper  part    of   each  enveloping   tube;    these 

PP       h  n  sed     p  by  the  intercalary  growth  of  the  tubes,  above  the  apical 

d  h  »      AT       C  and  D.     The  lowest  of  the  cells  of  the  crown  each 

p  PS  inwards  and  downwards,  as  shovra  in  Fig.  203  C  and 

-D  h  h  rpog   lium  resembles  a  '  lobster-pot.'      The  spiral  torsion  of 

C  mpa      th       ppo  w        Schacht,  Die  Spermatozoiden  im  Pflaiizenreich,  1864,  p.  30. 

Th  g  h  firmed  by  Strasbuiger,  Zellbildung  u.  Zelltheilung,  1880.] 
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the  emeloping  tubes  does  not  beg  i  till  a  later  pernd  the  coils  become  gradiiall) 
flatter  while  Ihe  ipLtal  tell  ot  the  britieh  increabe'i  consideriblj  in  -ize  and  developes 
into  the  oosphere  (F  g  igg)  The  deieltpnient  and  fert  lisatinn  ot  the  earpoj,on  um 
of  Clara  has  recently  been  described  in  detal  by  De  Bary  n  the  case  of  C  fatidi 
Here  also  it  consists  from  an  earl)  sta(,e  ot  itb  development,  of  an  asial  row  of  three 
cells  and  file  others  consisting  each  of  two  cells  «h]ch  form  an  enielope  round  it 
The  lowermost  cell  of  the  axial  tow  is  the  nodal  cell,  the  second  remains  small  and 
colourlebs  and  corresponds  to  the  first  '  W  endungszelle  m  liitella  It  becomes  m  this 
cise  -ilso  as  DeBarys  dnwings  show,  separated  by  i  'cmewhat  oblique  septum  at 
the  base  of  the  apical  cell  (now  the  third  of  the  axial  row)  Originally  almost  herai 
spherical,  the  apical  cell  grows  firit  ot  all  into  the  torm  cf  a  narrow  cylinder,  and 
then  becomes  Oioid  it  is  proMded,  until  it  attains  its  full  size,  with  a  thin  verj 
dehcate  cell  wall  Drops  of  tat  and  starch  grains  accumilate  in  its  protoplasm  its 
apex  however  remains  tree  trom  the'*,  and  forms  \  tnnspirent  finely  granulir  terminal 
pipilh  the  receptive  portion  The  protoplasi  i  of  the  apn.al  cell  ot  the  carpogoniiini 
his  thereto  re  become  transtormed  into  an  oosphere  The  fiie  envelop  ng  tube'i  are 
Irom  the  first  in  close  contatt  with  the  apical  cell ,  atter  each  has  becone  dn  ded  by 
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oosphere,  a  thick  d  aphrag  n  ope         ly 

below  the  crown  s  separated  fr  n         1 11       rr  b        th  ph  Th    cell 

of  the  crown  form  a  closed  cover  above  the  upper  spate ,  the  upper  and  under  space  are 
united  through  the  narrow  opening  in  the  d  aphragm  De  Bary  found  a  similar  struc- 
ture in  Nilella.  As  soon  as  the  carpogonium  attams  its  full  size  the  small  space  above 
the  diaphragm  enlarges,  while  the  tubes  between  the  diaphragm  and  the  crown  grow 
longer.  This  part  of  the  envelope  wl  ch  onlj  attains  its  full  sze  at  a  late  period, 
DeBary  calls  the  Neck.  Tie  tubes  now  separate  i  tcriUv  fr  m  oie  another  forming 
five   clefts  below  the   crow  i   ani   abtve  the    itiphragm       T I  rough   these    clefts  the 
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antherozoids  toree  their  wij  in  grtat  numbers  into  the  ipiLal  spice,  which  is  hlled 
with  a  hyahne  mucihge  Thit  one  or  more  of  them  eien  hnd  then  my  mto  the 
oosphere  is  rendered  the  more  certain  b>  the  fact  that  about  this  time  its  pap  lla 
is  protected  bj  a  \ery  weak  cell  wall  or  has  none  at  all,  as  is  shown  b\  the  small 
pressure  required  to  expel  its  contents  mto  the  ipical  space 

A  Briun's  account  of  the  morphological  value  of  the  carpogoaium  of  Cf'ara  is  tully 
confirmed  by  our  Fig.  203,  j1.  It  is  necessary  to  explain,  in  the  first  place,  that  this 
is  the  lower  part  of  a  young  fertile  leaf  of  Cbarafragilh,  together  with  the  contiguous 
piece  of  the  stem  and  an  axiQary  bud,  represented  in  longitudinal  section ;  m  is  half  of 
the  nodal  cell  of  the  stem,  i  its  upper,  i'  its  lower  internode,  sr  a  descending,^  an  ascend- 
ing cortical  lobe ;  j/  the  cortical  lobe  of  the  lower  internode  which  descends  from  the 


leaf,  rK  a  node  of  it ;  ("  the  first  internode  of  the  axillary  bud  which  rests  upon  the 
ceil  n  that  unites  the  nodal  cell  tn  with  the  basal  node  of  the  leaf.  The  leaf  shows  its 
three  lower  Internodes,  «,  sj,  a,  still  rather  short ;  they  eventually  attain  from  6  to  8 
times  this  length.  Between  them  are  the  nodal  cells  lai,  iu;  t,  ^  are  the  cells  which 
unite  the  leaf-node  with  the  basal  node  of  the  leaflets  (3  on  the  outer  side  of  the  leaf-  a 
the  corresponding  cells  on  the  inner  side  of  the  leaf;  4r  the  cortical  lobes  of  the  leaf, 
two  of  which  go  upwards  and  two  downwards  from  each  leaflet  &;  the  lowermost 
internode  of  the  leaf  is  however  covered  only  by  descending  lobes ;  by  the  side  of  one 
of  them  stands  the  stipule  j  :  *,  *  are  the  cortical  lobes  which  descend  on  the  inside 
of  the  internodes  of  the  leaf,  where  the  leaflets  are  transformed  into  antheridia,  a,  a ;  the 
ascending  cortical  lobes  of  the  leaf  are  here  absent,  because  one  carpogonium  always 
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springs  from  the  basal  node  of  each  leaflet.  (Compare  with  this  Fig.  1 97,  A  and  B.)  In 
reference  to  the  origin  of  the  carpogonium,  A,  Braun  says  (/.r.  p.69)  that  just  as  a  branch 
springs  from  the  basal  node  of  a  leaf,  so  does  the  carpogonium  from  that  of  a  leaflet  (in 
Chara  fragilh  from  the  basa!  node  of  an  antheridium  which  stands  in  the  place  of  a 
leaflet).  As  in  the  leaf  which  subtends  a  branch  the  ascending  cortical  lobes  are  wanting, 
so  also  in  the  leaflet  which  bears  the  carpogonium  the  cells  forming  the  ascending 
portion  of  the  cortex  are  alio  wanting.  As  it  is  the  first  leaf  of  the  whorl  on  the  stem 
that  produces  a  branch  in  its  axis,  so  it  is  also  from  the  first  (inner)  leaflet  of  the  whorl 
on  the  leaf  that  the  carpogonium  originates.  The  basal  node  of  the  antheridium  in 
Cfragliis  has,  according  to  A.  Braun,  not  four  peripheral  cells,  as  in  sterile  leaflets,  but 
five ;  an  upper  odd  one  which  is  first  formed,  two  lateral  ones  which  follow,  and  two 
lower  ones  which  are  formed  last  of  all.     Of  these  five  ceils  only  the  two  lower  ones  are 

ex  (of  the  leaves),  the  upper  one,  wanting  in  the 
f  th  p  g        m    but  the  two  lateral  ones 

It      11)  b  t 


th     first 


developed  into  cells  which  form  the  C' 

sterile  basal  nodes,  is  th  th 

are  developed  into  leallets    h   b 

nium  {c/ Fig.  197,  r);  "•        1  tt      U  li 

carpogonium   cow  grows       t     f  th  I     f  tl 

septum  into  an  upper  ou        t  1       !l       d 

up  into  two  discs  by  a  w  II  p      II  1    t      th      p 

lower  cell   does  not  div  d 

pogonium,  and  correspond    1 

the  character  of  a  nodal  c  II  d      !  d  b)  t 

and  one  inner  cell  (SX") ;  th     f    m  th         < 

are  therefore  morphologi     lly  I 

The  Gharace^  are  dist    g     h  d  by  th 
of  the  individual  cells  to  th      tru  t  f  tl 

nuclei,  which  at  first  alw  j    I  th  t 

each  bipartition  of  a  cell  is  preceded  by  that  of  the  nucleus  and  the  formation  of  two 
new  nuclei.  As  the  cells  gro«',  vacuoles  form  in  the  protoplasm  which  finally  coalesce 
into  a  single  large  vacuole  (the  sap-cavity).  The  protoplasm,  now  clothing  the  wall  as 
tat  ry  motion  which  alwivs  follows  the   longest  din 


th    antheridium  and  carpogo- 

I         The  mother-cell  of  the 

d    n,  and  divides  itself  by  a 

t      hich  in  its  turn  is  broken 

(Fig.  20;,  A,  SKj.     The 

ealed  pedicel  of  the  car- 

h ;  but  the  upper  one  has 

II    into  a  zone  of  five  outer 

f  the  enveloping  tubes,  which 


f  th  II    and  by  the  simple  relations 

]i  1    b  dj       \ll  the  young  cells  contain 
1  th    p       pi  sm  that  fills  the  whole  cell; 
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of  the  current,  thechlorophjil  ^ranulesarearra  f,ed  nl  g  t  di  al  o  son  the  stationary 
layer,  and  are  deposited  so  thickly  that  they  form  a  stratum ;  they  are  absent  only  at  the 
neutral  lines  (Fig.  198,  A,  i).     These  neutral  lines  mark  the  position  where  the  ascending 

'  [In  old  intemodal  cells  there  are  numerous  nuclei  which  have  been  produced  from  the  primary 
nnclens  by  division  and  '  fragmentation.'  See  Schmitz,  Siliber.  d.  iiiederrhein,  Ges.  in  Bonn,  1879  ; 
Unters.  ueb.  die  Zellkerne  der  Tballophyten.    Slraslnirger,  loc.  cit.    Johow,  Bot.  Zeilg.  1S81.] 
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and  descending  portions,  of  the  rotating  protoplasm  of  a  cell  run  side  by  side  in  opposite 
directions  and  neutralise  each  other,  and  where  therefore  there  is  no  motion.  The 
direction  of  the  rotatory  motion  in  each  cell  stands  in  a  regular  relation  to  that  of  all  the 
other  cells  of  the  plant,  and  hence  to  its  morphological  structure,  as  has  been  shown  by 
A.  Braun. 


FORMS  WITHOUT  CHLOROPHYLL. 

To  this  second  principal  group  of  the  class  Carposporere  belong  all  those  plants, 
the  fructifications  of  which  have  long  been  known  as  Fungi  or  Mushrooms,  but 
which  are  now  known  under  the  names  of  Ascomyceies,  JEcidioniycetes,  and 
Basidiomycetes.  As  a  matter  of  fact  a  process  of  sexual  reproduction  has  been 
actually  observed  as  yet  in  only  a'  few  out  of  the  very  numerous  genera  of  these 
plants,  and  these  all  belong  to  a  single  sub-division,  namely  that  of  the  Ascomycetes. 
Among  the  Basidiomycetes  mere  traces  of  such  a  process  have  as  yet  been  detected, 
and  among  the  .^cidiomycetes  not  even  these  have  been  observed.  Nevertheless  it 
is  permissible  to  assume,  until  further  information  is  obtained,  not  only  that  such 
a  process  actually  takes  place,  but  also  that  it  agrees  in  its  principal  points  with  that 
observed  in  the  Ascomycetes ;  at  any  rate  such  an  assumption  seems  to  be  imme- 
diately suggested  by  the  very  similar  course  of  development  which  obtains  in  these 
three  groups '.  We  are,  in  fact,  somewhat  in  the  same  position  with  respect  to  the 
sexual  reproduction  of  these  plants  as  were  the  botanists  of  the  last  century  with 
respect  to  that  of  Phanerogams ;  they  had  observed  the  process  of  fertilisation  in 
a  few  cases  only,  but  they  did  not  hesitate  to  assert,  arguing  from  analogy  based 
upon  the  similarity  of  the  parts  of  the  flowers  and  of  the  fruits  developed  therefrom, 
the  sexuality  of  all  Phanerogams, 

Accepting  the  facts  established  by  Tulasne,  De  Bary,  and  their  followers  with 
reference  to  the  Ascomycetes,  we  may  describe  the  life-history  of  one  of  these  Fungi 
as  follows.  From  the  true  spore  (carpospore)  there  is  developed  a  vegetative  body, 
the  mycelium,  consisting  of  much-branched  multicellular  filaments,  the  hyphse, 
which  covers  the  surface  or  penetrates  into  the  interior  of  the  substratum  upon 
which  it  grows ;  it  has  often  but  a  short  term  of  existence,  but  it  may  occasionally 
continue  to  grow,  as  it  appears,  for  years.  In  many  cases  this  mycelium  is  capable 
of  producing  non-sexual  reproductive  cells  which  nearly  always  occur  as  conidia,  and 
are  usually  developed  upon  special  branches  of  the  mycelium,  the  conidiophores,  in 
large  numbers  by  abstriction.  These  conidia,  which  correspond  to  the  zoogonidia 
of  AlgK  and  to  the  tetragonidia  of  the  FlorideEe,  produce  new  mycelia  on  germina- 
tion. Usually  a  mycelium  reproduces  itself  thus  asexually  for  many  generations, 
and  consequently  many  Fungi  are  only  known  in  this  stage  of  their  life-history.  In 
all  cases,  however,  in  which  the  life-history  of  a  Fungus  has  been  continuously  traced, 
it  has  been  observed  that,  under  certain  favourable  conditions,  the  mycelium  finally 


'  [From  the  researches  of  Brefeld  (,Unters.  neb.  Schimmelpilze,  III,  IV)  it  appears  fhal  there  is 
no  ground  for  assuming  the  existence  of  sexual  reproduction  in  the  Basidiomycetes.  He  is  of  opinion 
also  that  no  sexual  process  takes  place  in  the  Ascomycetes,  for,  though  they  still  possess  sexual 
organs,  these  organs  (except  in  Lichens)  seem  to  have  lost  their  function.] 
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developes  sexual  organs,  and  that,  as  (he  result  of  fertilisaiion,  a  structure  is  produced 
■which  is  quite  different  from  the  mycelium,  a  fructification,  which,  except  in  the 
simplest  forms  of  these  Fungi,  consists  of  an  aggregation  of  numerous  hyph^e,  and 
■which  presents  great  varieties  of  form.  These  fructifications  are  in  many  species 
small  in  proportion  to  the  mycelium,  and  appear  to  be  merely  fruits  developed 
upon  it  in  other  cases  however  they  contnue  to  grow  vigorously  for  some  time 
ai  d  aClam  a  considerable  size  obtai  iing  their  nourishment  mdependently  Under 
these  circumstances  they  appeir  to  be  n  lependent  \  lants  or  accordmg  to  our 
modes  of  expression  to  be  alternate  generations  c'e'it  m-d  to  produce  true  spores 
in  usually  very  large  numbers  The  spores  thus,  formed  n  th  n  a  fruct  fintion  (car- 
pospores)  are  in  these  cases  a**  also  among  the  Alg?e  extremelj  different  if  not  m 
their  size  at  any  rate  in  their  form  and  other  propcrt  es  from  the  con  dia  produced 
asevually  on  the  mycelium  \\hen  the  fructification  is  of  considerable  size  it  is 
commonh  regarded  is  being  the  whole  Fungus  just  as  a  Horse  tail  or  a  Fern 
IS  thought  to  be  the  ent  re  plant  although  the  u  'significant  prothallium  is  in  essen 
tnl  phastof  the  hfe  cycle  of  each  of  the  latter  The  mjeelmm  like  the  prothallium, 
IS  only  the  first  st-ige  of  development  or  as  it  mav  be  termed  the  sexual  generation 
(ooph  re)  whilst  the  fruct  heat  on  coriesponds  to  the  fuUj  developed  Horse  tail  or 
Fern  (sporophore)  In  tlose  cases  m  which  the  fructification  remains  comparatively 
small  and  is  no ur  shed  by  the  m>celura  untl  matuntj  a  considerable  similarity  of 
bib  t  becomes  apparent  between  the  Fungus  ■ind  a  Mcsb  foi  the  sexually  produced 
fruct  fication  of  a  Muss  also  derives  its  nourishment  from  the  vegetative  body  of 
the  first  generation 

Like  that  of  the  Flor  dese  the  Charace-B  and  the  CoIeoch'eteK  the  fruci  fication 
of  a  Fungus  consists  of  two  cssentialh  distinct  pirls  nameli  of  a  sterile  portion 
■  wh  ch  IS  u'.uallv  relatively  large  and  in  some  of  the  larger  fructifications  is  by  far  the 
larger  and  of  a  fertile  portion  m  which  sooner  or  later  spores  are  formed  In  the 
simpler  forms  the  sterile  tissue  is  merely  an  investing  membrane  whch  surrcunds 
the  spore  producing  portion  but  in  larger  and  more  complex  fructificitions  like  those 
of  Penuilhum  and  Tukr  the  sterile  tissue  is  a  compact  mass  into  which  the  hvpl  se 
which  are  to  produce  the  spores  penetrate  and  within  -which  thu  obtain  nourish 
ment  and  further  ramifv  A  still  higher  degree  of  independence  is  attained  h\  the 
sterile  portion  when  the  fertile  h>ph«  contained  within  it  do  not  immediately  give 
rise  to  spores  but  undergo  a  period  of  lnactn^tJ  Under  these  circumstances  the 
fruclification  is  diring  the  period  of  rest  which  ma\  extend  over  -weeks  or  mc  iths 
simply  a  mass  of  tissue  which  undergoes  further  development  oily  when  under 
favourable  circum  tances  the  conlaiied  ferLle  hvphce  produce  spores  An  inactive 
fructificaton  of  this  nttire  is  termed  at  the  suggestion  of  Erefeld  who  carefully 
studied  the  e  phenomena  m  Penuilhum  a  sckrotium 

Wbcn  the  format  on  of  spores  commences  in  the  fructification  the  fertile  hypliK 
maj  either  grow  towards  the  exterior  and  foim  the  spores  at  the  surface  when  the 
fructiiicat  on  is  said  to  be  gymnocarpous  or  they  form  the  spores  quite  n  the  ntcnur 
of  the  mass  of  stenle  tissue  the  outer  layer  of  which  then  usually  constitutes  a  firm 
cortex  the  feridium  when  the  fiuctification  is  sad  to  be  an^wcirp  us  \\hen 
numerous  fertile  hyph'e  form  i  coherent  layer  on  the  surface  of  the  fructihcat  on 
suchalayer  IS  termedaAtMOT  «w     it  however  there  is  developed  within  the  pendium 
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of  an  angiocarpous  fructification  a  peculiarly -formed  mass  of  tissue  in  which  very 
large  numbers  of  spores  are  produced,  such  a  mass  is  termed  a  nuc/eus  or  gleba. 

The  sexual  organs,  so  far  as  they  are  known  among  the  Ascomycetes,  consist 
of  a  carpogoninm  as  the  female,  and  of  a  so-called  poUinodium  (antheridium)  as  the 
male.  The  two  organs  may  differ  but  little  in  size  and  shape,  and  in  Gymmascus 
they  are  quite  similar ;  more  commonly,  however,  the  carpogonium  is  larger  and  is 
multicellular,  wliereas  the  polJinodium  is  a  thin,  usually  branched,  tubular  cell.  In  all 
cases  the  carpogonium  differs  from  the  pollihodium  in  tbat  from  it  alone  the  fertile 
hyphse  take  origin  from  which  the  spores  are  finally  developed,  the  sterile  tissue 
being  derived  from  the  hyphce  bearing  the  carpogonium  or  even  from  neighbouring 
cells. 

Fertilisation  is  never  affected  by  means  of  antherozoids ',  but  by  the  close  appli- 
cation of  the  pollinodium  in  its  whole  length  to  the  carpogonium,  or  merely  of  the 
apex  of  the  pollinodium  to  the  anterior  portion  of  the  carpogonium.  Occasionally 
this  portion  of  the  carpogonium  is  prolonged  into  a  narrow  tube  like  the  trichogyne 
of  Nemalion.  In  the  majority  of  the  observed  cases  there  is  no  direct  exchange  of 
protoplasmic  substance  between  the  pollinodium  and  the  carpogonium  in  the  process 
of  fertilisation :  the  two  organs  remain  closed  and  the  fertilising  matter  passes  from 
the  pollinodium  into  the  carpogonium  apparently  by  diffusion.  The  fertile  hyphte 
of  the  fructification  arise  usually  not  from  that  part  of  the  carpogonium  which  has 
been  Jn  direct  contact  with  the  pollinodium,  but  from  nearer  its  base.  Here  again  an 
analogy  with  the  formation  of  the  fructification  of  Florideas  presents  itself. 

Histologically  considered,  the  mycelium  and  the  fructification  of  these  Fungi 
consist  of  hyphse.  The  hyphse  are  multicellular,  usuaQy  much-branched,  filaments 
which  grow  at  their  apices,  and  are  generally  very  long  and  thin.  In  many  cases, 
even  in  the  larger  fructifications,  as  for  instance  in  the  Mushrooms,  it  is  easy  to 
make  out  the  individual  hyphse,  but  in  other  cases,  although  the  tissue  really  consists 
of  hyphse,  a  so-called  pseudo-par enchyTiux  is  formed  by  the  close  aggregation  of  their 
short  ibick  segments.  In  angiocarpous  Fungi  (Tuberaceas,  Gasteromycetes)  this 
pseudo-parenchyma  is  usually  differentiated  into  weil-defined  concentric  layers. 
Commonly,  but  not  universally,  the  cell-walls  of  the  pseudo -parenchyma  are  not 
coloured  blue  when  treated  either  with  iodine  alone,  or  with  iodine  and  sulphuric 
acid,  but  in  certain  cases  this  colouration  is  produced  by  the  action  of  iodine  alone 
(Asci  of  Lichens).  Starch,  as  also  chlorophyll,  is  absent  from  all  Fungi,  and  this  is 
the  more  remarkable  since  starch  is  found  in  Phanerogams  which  possess  no 
chlorophyll. 

Fungi  grow  exclusively  upon  organic  substrata.  Many  grow  in  earth  which  is 
rich  in  humus  or  some  other  organic  matter,  others  are  parasitic  upon  and  within 
animals  and  plants;  this  parasitism  may  present  itself  in  the  most  varied  manner, 
the  most  remarkable  case  being  perhaps  that  which,  as  we  shall  hereafter  see,  occurs 
among  Lichens.  The  mycelium  usually  buries  itself  in  the  nutrient  substratum  and 
can  scarcely  be  separated  from  it,  whereas  the  fructification  comes  to  the  surface. 

As  I  do  not  propose  to  give  an  exact  systematic  account  of  the  innumerable 
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species  of  Fungi,  I  will  simply  eniie^vour  to  illustrate  the  characteristics  of  the  three 
principal  groups  above-mentioned  by  giving  a  complete  account  of  such  forms 
as  have  been  accurately  described  by  reliable  observers,  laying  especial  stress  upon 
the  more  important  features  of  their  life-history. 

A,    The  Ascomycetes. 

In  the  fructification  of  the  Fungi  belonging  to  this  group  there  arise  from  the 
ends  of  the  fertile  ascogenous  hyphse  cells  of  a  club-shaped  or  spherical  form  {asci), 
from  the  protoplasm  of  which  numerous  spores  {ascospores)  are  developed  by  free-cell- 
formation  ;  usually  a  definite  number  of  these  spores,  either  four  or  eight,  occurs 
in  each  ascus.  The  fructifications  are  either  open  i^apoihecid)  or  more  or  less  com- 
pletely closed  {^perithecid). 

The  spores  always  possess  a  firm  cuticularised  externa!  membrane,  the  exo- 
spore,  the  surface  of  which  usually  presents  asperities  of  different  kinds :  the  inner 
membrane  (endospore)  of  the  spore  forms,  when  the  exospore  has  become  ruptured 
in  germination,  the  Srst  hypha  (or  more  than  one)  from  which  the  mycelium  takes 

The  mycelium  produces  in  many  instances  conidiophores  upon  which  the 
conidia  are  developed  by  abstriclion.  The  conidia  generally  have  a  smooth  surface 
and  a  very  thin  external  membrane.  In  many  genera  they  do  not  occur,  although 
nearly- related  genera  possess  them  in  abundance:  for  instance,  they  are  absent  in 
Tuber  and  present  in  FeniciUium.  In  addition  to  the  conidiophores  there  occur 
beside  the  fructification  or  even  upon  it,  certain  peculiar  receptacles  in  which  larger 
or  smaller  conidia  {SlylogoniJia  in  Pymidia,  Spermaiia  in  Spsrmogonid)  are  developed, 
which,  ever  since  the  publication  of  the  important  mycologica!  works  of  Tulasne, 
have  been  regarded  as  non-sexual  reproductive  cells  of  the  Ascomycete  upon  which 
they  exist.  Since  De  Bary  has  shown  that  in  many  cases  the  pycnidia  belong  to 
other  Fungi  which  are  parasitic  upon  those  in  question,  there  has  been  some  justifi- 
cation for  the  assumption  that  the  so-called  spermogonia  also  represent  distinct 
genera  of  Fungi ;  and  this  assumption  gains  in  probability  when  it  is  considered  that 
it  deprives  the  doctrine  of  the  pleomorphism  of  Fungi  of  its  last  remaining  support. 

(i)  GjTnnoaseiiB '  \%  one  of  the  simplest  of  the  Ascomycetes.  It  is  a  small  Fungus 
growing  upon  horse-  or  sheep-dung,  the  mycelium  of  which  developes  numerous  sexuil 
organs.  Here  the  poUinodiuni  and  the  earpogonium  are  completely  similar  before 
fertilisation,  but  after  it  has  taken  place  the  carpogonium  divides  so  as  to  form  a  row 
of  cells  which  grow  out  into  short  branched  filaments  bearing  at  their  ends  dense 
masses  of  asci  each  containing  eight  spores.  As  the  investment  is  quite  rudimentary 
the  fertile  portion  of  the  fructification  is  in  this  case  naked,  and  resembles,  in  this 
respect,  that  of  the  simplest  Floride£e,     (Nemalha). 

(2)  Diacomycetea ^    In  order  to  illustrate  as  fully  as  possible  the  formation  of 

'  Baranetzky,  Bot.  Zei^.  1871,  no.  10. 

'  De  Bary,  Ueber  die  Frachtentwickelung  der  Ascomyceten,  Leipzig.  1863,  p.  11. — De  Bary 
■und  Woronin,  Beitrage  zur  Morphologic  u.  Physiologic  der  Pilze,  and  series,  pp.  1  and  82,  Frankfort 
1866.— Tulasne,  Annales  des  Sci.  Nat.  5th  series,  vol.  VI.  p.  347.  1866.— Glinka- Janciewski,  Bot. 
Zeitg.  1871,  no.  18,  [Quart.  Joiira.  Mier.  Sd.  1S7S,  p.  43S.— Brefeld,  Unters.  iib.  Schimmel- 
nilze  IV.] 
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a   completely   developed   fructification,  I  select   as   an   example  Ascobolus  /urfuraceui, 
a  Discomycete  described  by  Janczewski.     Fig.  104  represents  a  vertical  section  of  the 
entire  fructification  of  this  Fungus,  whilst  still 
in  connection  with  a  portion  of  the  mycelium.  a 

somewhat  diagrammatical ly  drawn  for  the  sake  „ \^^ 

of  clearness.     The   carpogonium   c   and   the  \  ,'''_.■''"'         t'-^-"'"-^ 

pollinodium  /  arise  from  branches  of  the  my- 
celium. The  former  consists  of  a  row  of  thick 
short  cells,  and  is  considerably  curved;  the 
delicate  bra     h        f  th     1  tt      b       m      I      ly 

ppl    d  t    th        t  p    t         1  tl  p 

(,         ft)      1  q  t  f  rtl     t 

f  th  t    1      11      fth        rp  g  (    h    h 

d     g     t  d    th  i        ™)   J,  m 

g  ly  th       th       th  rb 

wl   t    ph         I  f    m        d  d      I  pe    by  g 
m  t  us  fil  t    f  h    h     t 

1  t      p        d   th     as  d      I  ped      I     th 


wl  1     th 


d  f 


hyphie  b  g  th 

fil  ra     t      h    h  pi  t  1)  t    th 

g        m       d  wh    h  t  th    1    g     t 
t           1  th     f      tfi    t  It    hjpha: 

i;gr  gated  as  t    f    m  p      dp 
t  fe          be    g  th        rt     !  I 

h  phte         d        m     t  111      d     t  d 


nth 


bhym 


ll> 


d       d    pw    d  th   k    I  b   h  ped  bra  h 

tn      p  res         a      I  p  d     1     th          y  th    hjm  1 

pl  t  d  by  th      pg       th  h  t          th    as       1  p  rail  1  b        h  th 

f    ra  th      t     1    p     t            F      1!     th         rt           g              y  t  tl 


t  th 


th 


th 


d    t  n 

11  d  p     pl  > 
th    hym         1 


7 


dly 


I      P 


th 


p  h    I    th  1      p  od  f  th     A      ray     t         as  first  d  d  by 

DBry  86jthpoc       is        fllw  dfetDB  dTl 

h      t  1      — Th       >lmfPj?        g  tbgrdb        b 

t  p    t      1       po    t      ft    hyp!  ^hh  d       tdp       d         dj,        h        h 

b     d    t!>       t  th        d     f  th    b        hi  ts  th        g  f       j  g  t  f  rt  1     t 

p    d      d       I    g        m  1        t  g  th       f  rm    g      sett        Tl     t  1      II 

f  th      t      g      b        hi  t  II    p     t  d  I      (Fg       6     )      h  h  p  t       t 

lly  k  d  p    I     fe  t        (/■)       F  th  II     f  th  b        h  ly    g 

b         th  tl  PI,         m  gr  w  1  h   h  p  d  b         hi  t   th     poU      d  th       p 

f  wh    1   ( )        t      w  th  th    p    1     gat        ]    t  m     t        d      Aft      tl      has  t  k       pl 
b        ffi      hjph     (A)    h     t      t    f  th    fil  m    t  wh   h  b    rs  thes        f,  d 

these  md  th  tt       f  th         g       of         j  gat  1        g    t  d  t  It 

Th     f  It  f    m     h    body    f  th    Iru  t  fi    t  p  ppe       d    d       ly        w  1  d 

hypha  mm  d    t  ly  n       p       f         th    hym        11  fi     II)  th    f      t  fi     t       b 

an  apothecium,  which  possesses  somewhat  the  form  represented  in  Fig.  205,  and  pro- 
duces the  ascospores  in  its  asci,  Woronin  observed  similar  phenomena  in  P.  granulosa 
axiA  icuttitata.  In  these  species  branches  consisting  of  three  or  more  cells  arise  from 
the  mycelium ;  the  terminal  cell  swells  out  into  a  globular  or  ovoid  form,  without, 
however,  putting  out  a  prolongation;  from  the  cell  lying  beneath  it  arise  two  or 
more  slender  filaments  which  attach  themselves  closely  to  the  former.  The  conju- 
gating apparatus  now  becomes  densely  enveloped  in  numerous  hyph:e  which  ©liginate 
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beneath  it;  from  them  is  developed  the  wall  of  the  apothecium.  In  Ascabolus  pukherrimui 
the  carpogonium  consists  of  a  vermiform  body,  which  Tulasne  calls  the  ScoUcite,  It  is 
a  branch  of  the  mycelium  consisting  of  a  row  of  short  cells  which  are  much  broader 
th^n  th  se  of  the  n  yee!  u  n  The  adjacent  threads  put  out  small  branches,  pollinodia, 
tl  e  term  nal  cells  of  h  ch  attacl  themselves  firmly  to  the  anterior  part  of  the  scolecite. 
It       s  b  equenti)  co  e  e  1      er  together  with  this  fertihsing  organ,  by  branched  hyph^ 


which  spring  from  the  neighbouring  mycelium ;  and  a  ball  is  thus  formed  in  the  middle 
of  which  lies  the  scolecite;  and  this  finally  grows  into  the  apothecium.  In  all  these 
cases  the  origin  of  the  ascogenous  filaments  from  the  carpogonium  has  not  as  yet  been 
observed,  but  according  to  analogy  there  can  be  no  doubt  that  such  is  the  case. 

In  this  group  of  the  Discomycetes  there  are  some  individuals  of  which  the  mycelium, 
forms  conidia,  and  the  unripe  fructification  is  in  inactive  sclerotium.    Pcaixa  Fucieliona ' 


■  [On  Pezi 


I  Fucieiiaia  and  ScUroliorum  i 


■c  Pirolta,  Nuov.  Giorn.  Cot,  Hal,  1881.] 
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has  been  carefully  investigated  by  De  Bary  with  a  view  to  the  elucidation  of  these 
points.  The  mycelium  of  this  Fungus  is  found  in  the  autumn  growing  upon  the  wet 
dead  leaves  of  the  Vine,  From  it  there  arise  erect  segmented  filaments,  several  milli- 
meters in  height,  which  ramify  frequently  towards  their  upper  ends,  numerous  oval 
conidia  being  developed  on  each  branch,  which  are  capable  of  immediate  germmation 
and  give  rise  to  new  raycelia.  This  stage  of  development  of  this  Peaiza  was  formerly 
ddas  p-s  '  g  dttF  gns,  known  as  Botrytii  c'merea.  Later  on  the 
It  t  d     p       th        )     I    m  and  although  their  origin  from  sexual  organs 

h  tbe  tllybrvdjtitr  the  observations  of  Brefeld  upon  Penkitlium 

t  t  be  d     bt  d  th  t        h       tl      case.     The  sclerotia  appear  as  callosities  of 

f  th     d        t       f  f  to  I  millimeter,  in  the  tissue  of  the  leaf  which 

f   ted  w  th  th    F     t,  dp        t  after  that  this  tissue  has  undergone  decay. 

Th  y  st    f      d         f  It    f  hyph^   vith  a  black  cortex.     If  they  be  placed  upon 

m  Kt        th  so         ft      th       f    m  t  great  number  of  conidiophores  are  developed 

f    m  th  It  h  th        It      have  remained  inactive  for  some  months,  they 

p  od  h       pi      d     p       m      t         th,  small  stalked  cups,  the  flattened   cavity  of 

wh   b  bea         hym  wl     1   aa  ospores  are  formed  [Fig.  205) ;  this  fructification 

th    Pn        F   k  Im 
Iddttthg  hhhe  small  fructifications,  this  group  includes  also 

th     H  I     11      K    t        h    h   th     t,  Morcbella   (Morel),  H^liielia,  Spathuhria,  and 

C  gl  fn  b  1  g  I  th  th  f  t  fication  is  borne  on  a  stalk,  and  is  either  hat- 
hpd  Ibhpd         Itt  onsiderable  size.      The  hymenium   covers  tbe 

g      t      p   t    fth        rf         ftl     tr     tfi  ition. 

(3)  The  Erysiphera^  form  sphencal  perlthecia  upon  the  surface  of  the  sub- 
stratum which  they  inhabit,  but  they  remain  so  small  that  they  can  scarcely  be  seen 
with  the  naked  eye,  whereas  the  mycelium  attains  a  considerable  size.  The  investment 
of  the  fructification  is  a  delicate  hollow  sphere  consisting  of  pseudo-parenchyma,  sur- 
rounding the  few  asci  which  spring  from  the  carpogonium. 

The  very  numerous  species  of  the  genus  Erysipbe  (Mildew)  occur  upon  the  surface 

of  the  leaves  and  green  stems  of  Dicotyledons,  and  less  frequently  on  those  of  Mono- 

cotjledons  dso^      Th        n  'fi  d      y     T  1  fil  m     ta  extend  over  the  epidermis,  crossing 

d  osg  th  dthwth      toria  at  numerous  points  which  pene- 

f    t       t    th        U      f  tl       p  d    m         Th    my     I     are  reproduced  by  means  of  conidia 

hh        abttdn  Itl       pp         df  the  erect  unbranched  conidiophores. 

Th  podt         Tg         fmlj  dO/n,  are  the  only  ones  at  present  known. 

)P  asf  t  E  }   ph    {0  dium)  Tuckiri,  the  Fungus  which  pro- 

d  das  gp         1  ythp  however,  the  sexually  developed  fruits 

m  y    as  Ij  b     f       d      L       ilj        m  fil  m     t    grow  out  from  the  cortical  portion 

f  th         fruts       h    h      th         tt     h  th  m    I  like  the   mycehal  filaments,  to  the 

bttm  m        qtt        fmg       dlate  fringe.     Both  fruits  and  conidia 

ybdlpdptl  ylm 

Th  pie=t        d  th    f         t  ft!      fruit  occurs  in  the  sub-genus  Sfhsri- 

th         F  J,        7      Th  p  g  d   p  11      d      are  developed  together  at  the  points 

t  wh    h  th        >     1    1  hi  m     t         ss  th    ,  and  are  in  contact  from  their  first 

pp  Th  y         b  th        il  I  t      lb        hes;   the  one  from  which  the  carpo- 

g  tbfnd  dhpe,  and  is  then  shut  off  by  a  septum ; 

th  wh    h      t    b       m    th    poll      d         ^  es  over  the  apex  of  the  carpogonium, 

and  a  septum  is  torined  m  its  cur\ed  portion.  After  fertilisation,  filaments  spring  from 
beneath  the  basal  wail  of  the  cirpogonium,  as  also  from  the  pollinodium  (IV  h),  which 
closely  invest  the  cirpogonium  and  (,row  up  and  come  together  over  its  apex ;  they 

'  Tulasne,  Selecta  fungonim  carpolngia   I    Paris  18(10. — De  Bary  und  Woionin,  Beitrage  tax 
Morphol.  und  Physiol  der  Pilze   31!  beiies      Frankfort  iSjo. 

°  Pel  haps  Spharaihaa  pannosa  (Rosarum)  also  penetrates  into  the  tissues  of  its  host. 
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become  multicellular  in  consequence  of  the  formatfon  of  transverse  septa  within  them, 
and,  lying  closely  side  by  side,  they  give  rise  to  a  pseudo-parenchyma.  From  the 
internal  surface  of  this  investment,  as  it  increases  in  size,  short  filaments  are  given 
ofi"  which  fill  up  the  space  between  it  and  the  carpogonium  which  has  not  as  yet 
undergone  much  change  (V  h).  The  still  unicellular  carpogonium  now  begins  to 
grow  vigorously;  it  is  divided  by  a  transverse  septum  into  two  cells,  an  upper  and 
a  lower,  and  may  be  regarded  as  a  simple  form  of  ascogenous  filament,  the  apical 
cell  of  which  is  directly  converted  into  an  ascus  (V  a).  The  apical  cell,  by  its  rapid 
growth,  soon  occupies  the  whole  of  the  cavity  of  the  fructification,  and  eight  spores 
are  produced  by  free-cell-formation  in  its  protoplasm.  Slight  pressure  upon  the  fruit 
causes  the  extrusion  of  the  ascus  (II  a).  In  other  Erysiphe:e,  the  perithecia  of 
which  contain  several  asci,  as  E.  Vmbelliferarum,  communii,  Inmprocarpa,  etc.,  the  car- 
pogonium is  also  origina'ly  unicellular,  but  it  grows  within  the  investment  into  a  long, 
thick,  curved  filament,  which  is  divided  into  segments  by  numerous  septa.  Many  of 
these  segments  throw  out  lateral  branches  which  bear  the  asci. 


These  Erysiphete  which  have  numerous  asci  afford  a  transition  to  the  Euroties'  in 
which  the  carpogonium,  even  before  fertilisation,  elongates  considerably  and  becomes 
spirally  wound. 

The  life-history  of  Eurotium  lepens  and  thit  of  EuroUum  Aspers;illus  glaucus  have 
been  also  recounted  in  detail  by  De  Barj  Both  ■species  aie  iound  on  the  most 
various  decaying  or  dead  organic  bodies,  and  are  especially  abundant  on  preserved  fruit. 
The  Fungus  makes  its  appearance  as  a  delicate  flocculent  white  mycelium  overspreading 
the  surface,  from  which  the  upright  conidiophores  soon  rise  in  large  numbers.  These 
swell  in  the  upper  part  into  a  globular  form,  and  on  the  upfier  half  of  the  globe 
there  arise  a  number  of  peg-shaped  projections,  densely  crowded  and  arranged  radially, 
the  jlerigmata,  each  of  which  produces  gradually  a  long  chain  of  greenish  conidia; 
so  that  finally  the  head  of  the  receptacle  is  covered  by  a  thick  layer  of  them.  During 
this  formation  of  conidia,  the  sexual  organs  appear  on  the  same  mycelium.  The  female 
organ,  the  carpogonium,  is  the  corkscrew-like  end  of  a  branch  of  the  mycelium  (Fig.  208, 
j1,  as),  the  coils  of  which  become  gradually  closer,  until,  when  actually  in  contact,  they 
form  a  hollow  spiral  (B,  C).  During  this  process  about  as  many  septa  are  formed  as 
there  are  turns  of  the  helix  {i.e.  5  or  6),     From  the  lowest  coil  of  the  carpogonium  two 

'  [Wiihelm,  Die  Pilzgattung  .4i^^iHHi,  1877.] 
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■  slender  branches  now  shoot  out  at  opposite  points,  and  grow  upwards  on  the  outside 
of  the  helis ;  one  of  these  developes  more  quickly,  reaches  the  uppermost  coil,  and 
becomes  closely  attached  to  it  by  its  apes  (B,  f).  This  branch  is  the  poUinodium. 
Conjugation  takes  place  between  its  apex  and  that  of  the  carpogoniuni,  the  cell-walls 
being  absorbed  at  the  point  of  contact,  and  the  protoplasmic  contents  of  the  two  cells 
commingle.  Soon  afterwards  new  filaments  sprout  out  from  the  lower  part  of  the 
pollinodium  ind  of  the  cirpogonium,  which  increase  in  number,  cling  closely  to  the  spiral 
(C),  and  finilly  entirely  envelope  it.  From  these  filaments  a  layer  of  polygonal  cells  (D) 
is  formed  by  numerous  trinsverse  divisions,  which  envelopes  the  carpogonium.  The 
cells  of  the  enveloping  lajer  glow  inwards  as  papilla:  which  become  septate  {E).  While 
the  enveloping  lajcr  is  increa.'iing  in  size,  the  cavity  of  the  perithecium,  which  is  thus 
enlarged,  is  filled  up  by  the  papiUse,  and  they  finally  insert  themselves  between  the  coils 


of  the  carpogonium  which  have  now  become  looser.  These  papilla  become  divided 
by  septa  into  numerous  cells  of  similar  diameter,  so  that  at  last  the  space  between 
the  enveloping  layer  and  the  coils  of  the  carpogonium  is  filied  by  a  pseudo- parenchyma 
(F).  During  these  processes  a  large  number  of  septa  arise  in  the  carpogonium,  and 
soon  there  shoot  from  its  ceils  numerous  commencements  of  branches,  which  penetrate 
on  all  sides  between  the  cells  of  the  pseudo-parenchyma,  become  septate,  and  ramify. 
Their  last  ramifications  are  the  asci  (G),  which  therefore  owe  their  origin  to  the 
fertilised  carpogonium.  These  internal  changes  are  accompanied  by  a  considerable 
increase  in  size  of  Che  whole  perithecium.  During  the  development  of  the  asci 
the  pseudo-parenchyma  becomes  looser,  its  cells  round  themselves  off,  become  capable 
of  swelling,  lose  their   fatty  contents,  and   finally  disappear ;    in  the  ripe  perithecium 
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it  is  replaced  by  the  asci.     The  increase  in  size  of  the  cells  of  the  parietal  layer  keeps 
pace  with  that  of  the  whole  peritheeium,  and  they  become   covered  with  a  sulphur- 
yellow  coating  which  attains  a  considerable  thickness  and  consists  probably  of  a 
f  tty      b  t  F      lly  th  11      1  Up  d  d  )     p    th        ght    p 

1     b      k    p  1 11  h    lly  h    p     th  t        I      t  th    b  t  1    j  H 

t  th    m         t    po  I      d  hj    t      h    h         set  t        b>  g    tl    p  ess 

1  t    th    p     th  th       )     1    m    1      be  d  b 

tl  f        h    t     t      1  h    !    th    p       h  d     d     H 


th 

k  d    5         J 

11  wg        1 

[ 

) 

h      g  rm     t 

g  tl         d 

p 

1 

tl)       d    pit 

th        osp 

mth 

P        P 

d          IL 

th  t 

d    ft          d 

p     th 

b  1 

d           t 

h 

(  ) 

rh    T  berac 

»  (T    fB 

1  i 

>   b 

a.  I    s 

1      h  d 

fit 

-t 

t  p      do-p 

hjm 

d 

hth    a-     g 

fa       t 

fy 

d 

bedd  d 

th     t 

lly  I        d  d      th       fi        th   t 
t        W)     i       d   IS     t  It     t   h)ph* 
t!         h    h  th      p  p 

g  d         g       p  1  J   rs     f 

1  whh  tpsettlpp  thb  tdk  g 

L   1 1  tl>  th    d      i  p       t    t  th       fm  t  fi    t         h  d         b       t       d      d  th 

ph  1  g     1    t  b  t       pcrf    tl        d     t    d       Th    d  y        d     by 

B     f  Id  th  t  th         mm         t     f    II  M     ld_   /•        II   m  ^l  m      I    th  d 

bearing   myceliu  n      fa     mail   1    uffl      h  s,  h  th      vn   much   light   upon    the 

morphology  of  th     g    up  of  Fung 

The  mycelium  of /"fn    II        gl  gr         up  n  ly  all  organic  substrata,  even 

upon  liquids,  fo  n  ng  a  den  e  felt  F  m  t  t  fil  t  aiise  which  form  at  their 
upper  ends  pencils  of  branches,  and  at  th  t  em  t  f  these  long  rows  of  greenish 
conidia  are  developed.     These  con  d     a  e  ywh        d   p    sed  in  the  air,  and  it  is  for 

this  reason  that  this  Fungus  is  of  su  h  un     rsal 

Like  the  Truffles,  FenicilUum  only  produces  its  fructification  when  deprived  of 
air  and  of  light,  under  circumstances  in  fact  which  are  unfavourable  to  the  develop- 
ment of  the  conidiophores.  The  fructifications  are  of  a  yellowish  colour  and  attain  the 
size  of  a  small  pin's  head.  On  this  account  they  were  overlooked  until  Brefeld  suc- 
ceeded in  producing  them  artifiaallj  'The  mycelium'  must  be  cu[tnated  upon  a 
substratum  which  affords  it  abundant  nourishment  and  enables  it  to  attain,  without  any 
interruption,  its  most  complete  vegetative  deielopment  This  is  reached  is  a  rule 
in  from  seven  to  ten  days  after  the  spores  have  been  sown  The  access  ot  the  atmo- 
spheric oxygen  must  now  be  diminished  by  proper  means,  and  the  exhaustive  formation 
of  conidiophores  will  thereby  be  prevented  Since  these  conditions  ire  not  commonly 
fulfilled  in  nature,  it  is  easy  to  understand  why  it  is  that  only  the  asexual  form  of 
Pmlcilliutn  has  hitherto  been  known 

'The  sexual  organs  of  PtmcilUum  agree  in  all  essentials  with  those  of  Eurotmm 
described  by  De  Bary.  They  consist  of  a  spirally  wound  ascogonium  (carpogonium), 
the  female  organ,  and  of  a  pollinodium,  the  male  organ 

'After  the  fertilisation  of  the  ascogonium,  a  process  ot  development  commences 
which  differs  very  materially  from  anything  of  the  kind  a-,  let  described  among 
the  Ascomycetes.  In  this  case  also  the  fertihsed  ascogonium  becomes  invested  by 
filaments  which  arise,  evidently  in  consequence  ot  tertiUsation,  from  beneath  the 
ascogonium,  but  here  the  ascogonium  itself  at  once  begins  to  gro«  and  ts  branches 
extend  among  the  surrounding  filaments  When  the  growing  ascogonium  is  enclosed 
by  eight  or  more  (8-15)  hjers  of  filaments,  no  new  ia\ers  are  formed,  but  those  which 


'  Thefollowine  i?  taken  hi  rail)  from  B  efcia  •.  piJimi  nij  iccouil  in  Floi 
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already  exist  become  further  developed.  This  development  consists  in  the  division 
of  the  filaments  into  very  nnmerous  cells,  which  expand  and  thus  form  a  coherent  tissue. 
The  further  extension  of  the  ascogenous  filaments  is  first  diminished  and  then  arrested 
by  the  gradually  increasing  coherence  of  the  investing  cells,  and  they  are  seen,  in 
a  median  section,  as  thick  hyphse  running  concentrically.  After  this  formation  of 
tissue  has  taken  place  an  expansion  of  the  cells,  which  is  not  uniform  throughout, 
takes  place,  so  that  they  attain  six  or  eight  times  their  previous  size,  and  then  their 
walls  become  much  thickened.  This  thickening  begins  simultaneously  at  two  points, 
internally,  in  the  ascogenous  hyphas,  and  extemallyj  in  a  zone  which  is  separated  from 
the  periphery  by  a  few  layers  of  cells. 

'  The  fructification,  now  free  from  the  mycelium,  is  of  the  sine  and  colour  of  a 
grain  of  coarse  yellow  sand.  It  is  a  sclerotium,  consisting  of  from  two  to  four  peri- 
pheral layers  of  cells  elongated  tangentially,  of  a  yellowish-brown  colour,  and  internally 
of  large  ceils  arranged  radially  which  become  smaller  towai-ds  the  interior.  Between 
these  run  the  firm  ascogenous  hyphs  appearing  like  much-branched  passages  in  the 

'  The  selerotia  may  be  preserved  in  the  dry  state  for  as  long  as  three  months  without 
losing  their  vitality.  If  they  are  placed  upon  moist  blotting-paper,  a  further  development 
of  the  ascogenous  hypha  takes  place  within  six  or  seven  weeks.  They  again  acquire  the 
appearance  of  living  hyphie,  and  become  divided  into  numerous  cells,  each  cell  being 
capable  of  producing  a  branch  which,  at  its  first  appearance,  divides  into  a  thick  and 
a  thin  filament.  The  thick  filaments  are  concerned  in  the  development  of  the  spores, 
whereas  the  thin  filaments,  which  are  but  slightly  branched  and  without  septa,  cause  the 
absorption  of  the  surrounding  tissue  and  supply  the  thick  ones  with  nutriment.  The 
thick  filaments  form  numerous  closely-placed  Lateral  branches  immediately  behind  their 
apices,  a  septum  being  formed  between  each  pair.  These  branches  form  a  series  of  asci, 
■   each  of  which  contains  eight  spores, 

'  The  result  of  further  development  isthat  the  whole  internal  sterile  tissue  is  absorbed, 
the  brown  external  layers  alone  remaining ;  the  ripe  asci  together  with  the  hyphs  bearing 
them  and  the  nutrient  filaments  also  disappear,  so  that  finally,  in  six  or  eight  months, 
the  sclerotium,  although  it  has  not  altered  in  external  appearance,  has  become  converted 
into  a  vesicle  filled  with  a  dense  mass  of  countless  spores  of  a  bright  yellow  colour. 

'  When  seen  under  favourable  circumstances  each  ascospore  gives  rise  to  a  mycelium 
quite  similar  to  that  developed  from  a  eoniclium,  which  bears  the  characteristic  eonidio- 
phores,  each  one  of  which  can  be  genetically  traced  through  the  filaments  of  the  mycelium 
to  the  individual  spores. 

'  If,  in  consequence  of  desiccation,  of  a  too  advanced  maturity,  or  for  any  9ther 
reason,  the  selerotia  lose  their  capacity  for  growth,  that  is,  if  the  ascogenous  filaments 
within  them  have  lost  their  vitality,  certain  cells  of  their  tissue  may  still  be  capable  of 
germinating.  The  hyphs  springing  from  them  come  to  the  surface  through  fissures  in 
the  sclerotium,  and  proceed  to  form  the  ordinary  conidiophores.  In  this  process  the 
physiological  difference  between  the  ascogenous  filaments  and  the  tissue  suiTOunding 
them,  which  amounts  to  a  perfect  contrast,  becomes  more  definitely  manifest.' 

The  similarity  of  structure  presented  both  by  the  ripe  and  the  unripe  fructifications 
oi  Penicilliuni  with  young  and  mature  Truffles  makes  it  at  once  evident  that  PenUillium 
belongs  to  the  Tuberacese,  and  suggests  that  the  formation  of  the  fruit  of  the  other 
members  of  this  group  takes  place  in  the  way  so  fully  described  with  reference  to 
PenkUlium.  Tulasne's'  figures,  especially  that  of  Elafhomyui  Lrvdllei,  represent  the 
ascogenous  filaments  within  the  sterile  tissue  of  the  Truffles,  and  Brefeld  observed  them 
again  in  Tuber  rufam.     The  well-known  yellow  bands  of  hyphse  correspond  to  the  ascp- 


1  Tulasne,  Fungi  hypog^i,  Paris  [863.     [See 
laim,  Sitzber.  d.  phja.  med.  Soc.  zu  Erlangen,  i88< 
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genous  filaments ;  they  give  rise  to  asci  and  at  the  same  time  absorb  the  surrounding 

Thedarkcolouroftheinterior  of  Truffles  is  due  to  the  numerous  darli-coioured  spores, 
and  the  marbled  appearance  with  light  and  dark  veins  is  the  result  of  the  distribution  of 
the  bands  of  sporiferous  filaments  in  the  colourless  sterile  tissue.  The  latter  contains 
air  between  its  hyphte  and  therefore  appears  white  when  seen  by  reflected  light.  The 
spores  of  TrHffles  are  formed  in  club-shaped  or  spherical  asci  of  considerable 
size,  by  a  process  of  free-cell  formation.  They  are  invested  by  an  exospore  which  is 
covered  with  asperities,  or  has  a  rugose  surface. 

It  is  as  yet  unknown  whether  or  not  the  mycelium  of  the  Truffles,  like  that  of 
PfniciUiain,  lives  exposed  to  the  air  and  forms  conidia  at  any  period  of  its  esistence, 

(5)  The  Fyrenomycetea^  usually  produce  their  asci,  which  generally  contain  eight 
spores  and  are  of  an  elongated  club-shape,  within  small  flask-shaped  or  roundish  recep- 
tacles, which  are  termed  perilhecia.  The  wall  of  a  free  isolated  perithecium  (as  in 
Sphrerla,  Sordaria,  and  Others)  consists  of  a  firm  pseudoparenehymatous  tissue  of  a  dark 
colour.  The  perithecium  contains  at  first  a  delicate  transparent  tissue  free  from  air, 
which  is  afterwards  absorbed  by  the  asci  and  paraphyses.  These  spring  from  a  hymenial 
layer  which  clothes  either  the  whole  of  the  wall  of  the  perithecium,  or  only  its  basal 
portion.  The  perithecia  are  either  open  from  the  first  (as  in  Spharla.typbina,  Sordaria), 
or  they  are  originally  closed  and  afterwards  form  an  orifice  clothed  with  hairs  through 
which  the  spores  can  escape  (Xylaria). 

In  a  number  of  forms  {Sphmria:  limplUei  such  as  Phmpora,  Sordaria)  the  free 
perithecia  originate  singly  or  in  groups  upon  the  inconspicuous  filamentous  mycelium 
which  usually  inhabits  dead  plants,  but  occurs  also  on  living  ones.  It  is  certain  from 
■Woronin's  observations  upon  Spbmrla  Lemannex  and  Sordaria  that  in  these  cases  each 
perithecium  is  the  result  of  a  sesual  act,  and  therefore  represents  an  entire  fruit.  In 
other  Pyrenomycetes,  however,  a  so-called  itroma  is  first  formed  from  the  mycelium. 
This  is  a  cushion-shaped,  mushroom-like,  cup-shaped,  or  arborescent  structure,  consist- 
ing of  a  dense  mass  of  apparently  homogeneous  tissue,  in  which  numerous  perithecia  are 
developed.  It  remains  uncertain  whether,  in  such  cases,  the  stroma  is  merely  a  peculiar 
form  of  the  mycelium  within  which  the  sexual  organs  are  subsequently  developed  and 
which  bears  a  corresponding  number  of  perithecia,  or  whether  the  entire  stroma  is  the 
result  of  one  act  of  fertilisation  and  is  therefore  to  be  regarded  as  a  single  fructification 
the  asci  of  which  are  produced  in  numerous  perithecia.  Of  these  alternatives  the  latter 
is  the  more  probable,  for  in  Cla-viceps  the  stroma  itself  is  derived  from  a  scelerotium, 
which  is  doubtless  the  product  of  a  sexual  process. 

The  asexual  reproductive  cells  or  conidia  are  developed,  among  the  Pyrenomycetes, 
not  merely  from  the  mycelium,  but  more  especially  from  the  stroma,  and  (as  in  Penieil- 
liian)  even  from  the  wall  of  the  perithecium.  They  are  formed  on  longer  or  shorter 
hyphal  branches  usually  in  considerable  numbers,  and  occasionally  larger  and  smaller 
conidia  occur  in  the  same  species.  It  has  already  been  pointed  out  that  the  receptacles 
known  as  ipermogonia  and  fycaiJia\  which  also  form  larger  and  smaller  conidia,  are 
probably  parasites,  and  do  not  form  part  of  the  cycle  of  life  of  the  plant  which  they 

I  select  as  an  example  for  more  detailed  description  the  Fungus  which  produces  the 
Ergot,-— Clavicepj  purpurea".    Its  development  begins  with  the  formation  of  a  filamentous 

'  Tulasne,  Selects  fungorum  carpologia,  I'aris  1860-65. — Woronin  und  De  Bary,  Beitiage  zur 
Morph.  u,  Physiol,  der  Pilie,  Frankfurt  i8;o.— Fuisting,  Bot.  Zeitg.  1868,  p.  179.  [Gilkinet,  Rech. 
morph.  sur  les  Pyrenomycetes,  J,  SonJariees,  1874.] 

=  [Baoke,  Beitr.  z.  KennL  der  Pycniden,  Nov.  Act.  Leop-Carol.  Akad.  1B76,  has  shown  that, 
in  certain  cases  at  least,  the  pycnidium  with  its  stylogonidia  is  a  definite  part  of  the  life-history  of 
these  Fungi.] 

=  Tiilasne,  Annaks  des  Sci.  Nat.  vol.  XX.  p.  5.— Kuhn,  MitlhtilunKen  dci  landiv.  Inst,  in  Halle, 
yol.  I.  iSOj. 
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mycelium,  which  attaches  itself  to  the  surface  of  the  ovary  of  Grasses,  especially  of  Rye; 
while  still  enclosed  between  the  paleae,  covers  it  with  3  thick  weft,  and  partially  pene- 
trates into  its  tissue,  while  the  apex  and  often  other  parts  of  the  ovary  remain  exempt 
from  its  attacks.  The  ovary  becomes  replaced  by  a  soft  white  mycelial  tissue  which 
retains  nearly  its  original  form,  the  style  being  not  unfrequently  still  borne  on  its  summit. 
The  surface  of  the  tissue  of  the  Fungus  is  marked  by  a  number  of  deep  furrows  and 
forms  a  large  number  of  conidia  on  basldia  arranged  radially,  imbedded  in  a  mucilaginous 
substance  which  exudes  between  the  paleae.  In  this  condition  the  Fungus  had  been  at  . 
one  time  considered  a  distinct  genus,  and  described  under  the  name  of  Sphacelia.  The 
conidia  can  germinate  at  once  and  immediately  again  detach  conidia,  which,  according  to 
Kflha,  again  produce  a  sphacelia  in  other  Grasses.  The  mycelium  of  the  sphacelia 
forms,  when  the  production  of  conidia  has  reached  its  height,  a  thick  felt  of  firmer  hyphse 
at  the  base  of  the  ovary,  which  is  at  first  still  surrounded  by  the  looser  tissue  of  the 
sphacelia.  Thisisthecommencementofthe  scierotiumor Ergot;  itssurfacesi 


a  dark-violet  colour,  and  grows  to  a  horn-shaped  body,  often  as  much  as  an  inch  in 
length.  In  the  meantime  the  sphacelia  ceases  to  grow,  its  tissue  dies  and  is  ruptured 
beneath  by  the  sclerotium,  and  carried  upwards  on  its  summit,  where  it  is  placed  like  a 
cap  and  afterwards  falls  off.  The  hard  ripe  sclerotium  now  remains  till  the  autumn,  or 
usually  till  the  next  spring  in  a  dormant  state;  the  formation  of  the  stroma  begins  when 
the  sclerotium  is  lying  on  the  damp  ground.  The  stromata  arise  beneath  the  skin,  a 
number  of  closely-packed  branches  being  formed  at  definite  points  from  the  medullary 
hyphiE;  the  bundle  breaks  through  the  skin,  and  grows  up  into  the  stroma  which  consists 
of  alongstalk  and  aglobniar  head.  In  the  latter  a  large  number  of  flask-shaped  perithecia 
{Fig.  209,  B  and  C,  cp)  appear,  which  do  not  possess  a  clearly-defined  wall.  Each 
perithecium  is  filled  from  the  bottom  by  a  number  of  asci,  in  each  of  which  several 
slender  filiform  spores  are  produced.  These  spores  swell  up  in  damp  situations,  and 
put  out  germinating  filaments  at  several  points.     When  they  reach  the  young  flowers  of 
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Rye,  or  of  other  nearly  allied  grasses,  Kiihii  states  that  the  sphacefia  arises  from  them, 
and  the  cycle  of  development  is  thus  completed. 

(6)  Lichens'.  From  the  researches  of  Sehwendener'',  there  can  no  longer  be  any 
doubt  that  the  Lichens  are  true  Fungi  belonging  to  the  Ascomycetes  (Discomycetes 
and  Fyrenomycetes),  but  distinguished  by  a  singular  parasitism.  Their  hosts  are  AlgiE, 
which  grow  noinially  in  damp  places  but  not  actually  in  water,  and  belong,  moreover, 
to  very  various  groups  (rarely  Confervaccie,  frequently  Chroococcaee*  and  Nostocaccx, 
more  often  PalmellacesE,  sometimes  ChroolepideKJ.  The  Fungi  themselves  (Lichen- 
forming  Fungi)  are  not  found  in  any  other  form  than  as  parasites  on  Alg:e  ;  while  the 
Algie  which  are  attacked  by  them,  and  which,  when  combined  with  the  Fungu"!,  are 
called  Gon  dm  are  known  in  the  free  condition  without  the  Fungus  W  hen  the  spec  es 
■  attacked  by  the  Lichen  fungus  i  a  filamentous  Alga  and  the  development  ot  the 
hyphal  t  ssue  is  only  moderate  (as  m  Epbebe  and  Cunogomu  n)  the  true  state  of  the 
case  IS  at  once  clear  and  as  Lichens  of  this  kind  have  become  better  known  the 
suspicion  has  frequentlj  arisen  that  they  we  n  tact  onli  Algie  mlested  by  Fung 
In  the  Ccllemacc'e  ako  attention  has  trequentlv  been  drawn  to  the  identity  of  the 
gonidia  with  the  moniliform  hlamentsof  Nostocacere,  but  m  this  case  the  nourishing  Alga 
usually  undergoes  considerable  changes  of  habit,  at  least  in  its  external  contour,  from 
the  influence  of  the  parasitic  Fungus,  like  Euphorbia  Cyparisiias  from  its  parasitic 
jEcidivm.  But  the  greater  number  of  Lichen-fungi  prefer  as  hosts  the  Ghroococcaceie 
and  PalmellaceK  which  grow  as  stains  and  incrustations  on  damp  ground,  the  bark 
of  trees,  and  stones.  The  separate  cells  and  groups  of  ceils  of  these  Algie  become  so 
involved  by  the  tissue  of  the  Fungus,  that  they  are  at  last  only  interspersed  here  and 
there  in  the  dense  hyphal  tissue,  or  appear  in  it  as  a  special  layer  (the  gonidial  layer). 
The  growth  and  multiplication  of  these  AlgK,  which  thus  become  entirely  enclosed  by 
their  parasites,  is  not  hindered,  but  their  development  is  disturbed  in  other  ways.  When, 
however,  they  are  freed  from  their  enclosing  Fungus-tissue,  their  normal  development 
proceeds,  and  in  a  few  cases  even  the  formation  of  zoogonidia  takes  place  in  them, 


'  Tulasne,  Memoirs  pour  servir  i.  Thisroite  organographique  et  physiologique  des  Lichens 
(Annales  des  Sci.  Nat.  3rd  series,  vol  XVII). — Schweiidener,  Untersuchungen  Uber  deii  Flechten- 
Aallus  (in  Nageli's  BeitrSge  zur  wissensch.  Botanik.  1 S60  and  iSfta, — Ditlo,  Laub-  u.  Gallertflechten 
(Nageli's  Beitr^  zur  vpisbensch.  Botanik.  1868).— Ditlo,  Floca,  1872,  nos.  11-15.— Stahl,  Beit.  z. 
Entwickel.-Gcsch.  der  Flechten,  1S77.  [Quart.  Journ,  Micr.  Sc.  1S73,  p.  235,  and  1878,  pp. 
144.  43S.] 

'  [The  views  of  Schwendener  have  been  corroborated  by  Bornet  in  an  elaborate  memoir  pub- 
lished in  the  Ann.  des  Sci.  Nat.  1873,  vol,  XVII.  He  also  put  them  to  a  synlhelical  test  by  sowing 
the  spores  of  Purmelia  parieiina  upon  Proiococcas.  About  the  fifteenth  day  the  hyphie  were  well 
developed  and  ramified.  Wherever  they  met  isolated  cells  of  Proiocrtccus  or  groups  of  them, 
they  attached  themselves  either  directly  or  by  means  of  a  lateral  branch.  They  did  this  to  the 
Prolococcus  only,  neglecting  altogether  the  other  bodies  which  were  mixed  with  it.  Similar  results 
were  obtained  when  the  spores  of  Siatora  mvsconim  were  sown  upon  Prolocatcus.  Spores  of 
Parmelia  sown  separately  ramified  much  Uss  and  developed  no  chlorophyll;  Proloeraan,  on  the 
other  hand,  during  the  same  period  remained  unchanged  and  put  out  no  hyphie.  Tulasne,  however, 
sowed  the  spores  of  Lichens  and  believed  that  he  twice  detected  the  formation  of  gonidia  upon  the 
hyph!e  (Ann.  des  Sci.  Nat.  185a,  XVII,  pp.  96-98).  De  Bary  indied  described  the  green  gonidium 
as  originating  by  the  expansion  of  a  short  lateral  branch  of  the  hypha  into  a  globular  cell,  which 
is  shut  off  by  a  septum  and  assumes  a  green  colour ;  once  formed,  it  increases  independently  by 
division,  and  a  number  of  the  gonidia  eventually  lie  without  stipites  in  the  interstices  of  the 
lichen-tissue  (Morph.  u.  Phys.  der  Pilze,  pp.  258,  263,265).  Berkeley  also  beheves  that  the 
gonidia  originate  from  the  hyphnc,  having  had  '  a  good  opportunity  of  ascertaining  their  development 
from  the  threads  of  the  mycelium  in  specimens  developed  within  the  vessels  of  pine  wood '  (Inlrod. 
to  Crypt.  Bot.  p.  373).  For  a  careful  ratime  of  all  the  recent  literature  of  the  subject  by  Archer, 
see  Quart.  Joum.  Micr,  Sc,  1873.  p.  217.  In  this  coimtry  Bentham  has  criticised  Schwendener's 
view  (Address  lo  Lin.  Soc.  May  23,  1873),  and  Thwaites  and  Berkeley  have  also  e^tpressed  their 
dissent  (_Gard.  Chron.  3873,  p.  1341).] 
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a  fact  first  observed  by  Famintzin  and  Baranetzky,  but  incorrectly  explained.  It  is  to 
Sehwendener's  knowledge  of  the  facts,  the  result  of  researches  extending  over  many 
years,  that  the  correct  interpretation  is  due  in  these  cases  of  the  relationship  borne  by  the 
Lichen-forraing  Fungus  to  the  gonidia,  i.  e.  to  the  Alga  which  it  attacks'. 

After  these  preliminary  remarks  the  following  description  will  be  intelligible  to  the 
beginner.  It  is  transferred,  with  but  slight  alterations,  from  the  first  edition  of  this 
book.  We  will  consider  first  the  Lichen  as  a  whole,  as  it  comes  under  observation,  the 
nourishing  Alga  being  distinguished  as  an  elemental  form  of  the  thallus  under  the  name 
Gonidia ;  and  we  will  afterwards  discuss  the  question  of  their  algal  nature  more  in  detail. 

The  Ihallui  of  Lichens  is  commonly  developed  in  the  form  of  incrustations  which 
cover  stones  and  the  bark  of  trees,  or  penetrate  between  the  lamellae  of  the  epidermis  of 
woody  plants,  and  then  expose  only  the  fructifications  above  the  surfece.  These  Crus- 
taceous  Lichens,  as  they  are  termed,  have  become  so  completely  united  in  their  growth 
to  their  substratum,  at  least  on  the  under  side,  that  they  cannot  be  detached  completely 
from  it  without  injury  to  the  thallus  (Fig.  2\o,A,B,C),    The  crustaceous  Lichen- thallus 


en  l!l^htly  maenifiEdl 


passes  over,  through  various  gradations,  into  that  of  the  Foliaceous  Lichens ;  the  latter 
forms  flake-like  expansions  often  curled,  which  can  be  completely  detached  from  the 
ground,  stones,  moss,  bark,  &c.  which  support  them,  since  they  are  attached  to  it  only 
in  places  by  a  few  organs  of  attachment,  the  Rbixincj.  The  foliaceous  thallus  often 
attains  considerable  dimensions,  in  the  large  species  of  Peliigera  and  Stlcta  as  much  as 
a  foot  in  diameter,  and  from  J  to  i  mm.  in  thickness,  and  then  generally  assumes  a 
circular  form;  at  the  growing  margin  it  forms  rounded  indented  lobes  (Fig.  211  and 
Fig.  313,  B).  A  third  form  of  the  Lichen-thallus,  also  united  with  the  previous  one  by 
transitional  forms,  is  shown  in  the  Fruticose  Lichens,  which  are  attached  only  at  one  spot 
and  with  a  narrow  base,  and  rise  from  it  in  the  form  of  small  much-branched  shrubs. 
The  branches  of  the  thallus  are  either  flat  and  ligulate,  lite  th^  lobes  of  many  foliaceous 
Lichens,  or  slender  and  cylindrical  {Fig.  *  J  3,^),  In  CJaJonia  and  Stertocauloii  we  have  not 
so  much  a  transition  from  the  foliaceous  to  the  fruticose  thallus  as  a  combination  of  the 


'  A  few  aildidona!  historical  notes  will  be  found  at  the  end  of  this  v 
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two,  a  foliaceous  expansion  of  smill  size  being  first  formed,  the  cup- shaped  oi 
branched  thallus  afterwards  rising  from  this. 


le  thallus  of  Lichens  can  be  df-ied,  so  as  to  be  pulverised,  without  losing  its  vitality, 
saturated  with  water  it  has  generally  a  leathery  consistence,  is  tough,  elastic, 
and  flexible;  but  a  large  number  of 
genera,  which  are  remarkable  also 
in  other  ways,  are  slimy  and  gela- 
tinous in  this  condition.  These 
Gelatinous  Lichens,  as  they  are 
termed,  form  cosh  ion- like  masses 
with  an  undulated  surface,  and  in 
their  growth  ; 
like  the  frutieose,  £ 
like  the  foliaceous  Lichens.  Atypical 
form  is  shown  in  Collema,  Fig.  ziz. 
The  disposition  of  the  gonidia  and 
hyphje  in  a  thallus  may  be  such  that 
these  two  structures  appear  about 
equally  mingled  (as  in  Fig,  215), 
and  the  thallus  is  in  this  case  called 
homaiomeroui ;  or  the  gonidia  are 
crowded  into  one  layer  (as  in  Fig, 
214),  by  which  the  hyphal  tissue  is 
at  the  same  time  separated  accord- 
ing to  circumstances  into  an  outer 
and  inner  or  an  upper  and  under 
layer ;  the  thallus-t  issue  is  then 
stratified,  and  such  Lichens  are 
termed  hderomeram  (Figs.  214  and 
z,7). 

The  mode  of  growth,  branching, 
and  external  structure  of  the  Lichen- 
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thallus  may  either  be  determined  by  the  gonidia,  the  hyph^  being  concerned  only  in  a 
secondary  degree  in  its  construction,  or  it  may  happen  that  the  hyph*  determine  the 


form  and  mode  of  growth,  while  the  gonidia  have  only  a  secondary  share  in  the  forma- 
tion of  tissue.     The   former  is  the   case  in  only  a  few  Lichens;   the   latter  is  much 


il    /if 


ea  barbalit.   A  iDDgiludlnal 


the   more  common,  and   is  that  of  the  typical  Lichens,  especially  of  those  that   are 
heteromerous.      In  some  homoiomerous  gelatinous  Lichens  (as  Fig.  215)  it  appears 
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doubtliil  tthothei  the  ch;ingc  in  the  extemil  form  proceed':  mire  from  (he  gotiiiii.i 
or  from  the  h)[)hi.  This  relationship,  «hich,  although  toth  morphologically  and 
pli)siologically  impoitant,  has  not  hitherto  had  sufficient  attention  paid  to  it  by  lichen- 
ologists,  will  be  made  sufficiently  cleir  by  an  exim  nation  of  Figs.  2i5  and  217.  In 
Pig  2i6  IS  shown  the  longitudiml  section  of  a  branch  of  Epbebe  pubescens ;  the  large 
gonidia  are  left  dark,  and  the  very  tme  hyphjE  are  indicated  at  b  The  branch  increases 
at  Che  apex  by  longitudinal  growth  and  by  transverse  division  of  a  gonidium  (^j), 
which  is  here  the  apical  cell  of  the  branch.  The  cells  produced  from  the  apical 
gonidium  afterwards  divide  parallel  to  the  longer  axis  of  the  branch ;  still  later  divisions 
are  formed  in  different  directions,  and  thus  groups  of  gonidia  arise  at  some  considerable 
distance  from  the  apex  of  the  branch.  The  delicate  hyphse  are  represented  in  our  figure 
as  reaching  to  the  apical  gonidium;  in  other  cases  they  come  to  a  termination  at  a 
considerable  distance  beneath  it.  Even  in  this  case  it  is  only  a  few  single  hyphae 
which  follow  the  longitudinal  growth  of  the  branch  ;  these  grow  within  the  gelatinous 
envelope  which  is  evidently  derived  from  the  gonidia.  At  a  considerable  distance  from 
the  apex  of  the  branch  the  hypha:  lirst  put  forth  lateral  branches  which  penetrate  be- 
tween the  single  or  grouped  gonidia,  forcing  their  way  through  the  deliquescent  mass  of 
their  gelatinous  cell-walls.  Thus  the  whole  form  of  the  branch,  its  growth  both  in 
length  and  thickness,  is  determined  by  the  gonidia ;  the  hyphs,  from  their  small  number 
and  their  fineness,  produce  scarcely  any  essential  alteration  either  in  the  external  form 
or  the  internal  structure  of  the  branch.  This  is  clearly  shown  also  in  the  origin  of 
the  lateral  branches  of  the  thallus.  One  of  the  exterior  gonidia  lengthens  in  a  direc- 
tion at  right  angles  to  the  axis  of  the  parent -branch,  and  becomes  the  apical  cell  of 
the  lateral  branch,  producing  at  the  same  lime  new  cells  by  transverse  divisions,  as 
is  shown  in  Fig.  216,  a.  Branches  of  the  adjacent  hyph^  turn  in  the  same  direction, 
and  behave,  in  relation  to  the  new  apical  cell,  in  the  manner  described  above  with 
respect  to  those  of  the  primary  branch. 

In  a  manner  similar  to  Ephehe  fubescens,  Usnea  barbata,  a  fruticose  Lichen,  also  forms 
a  much-branched  fruticose  thallus.  The  branches  of  the  thallus  here  also  elongate  by 
apical  growth  {cf.  Fig.  217,  A)\  but  this  is  not  brought  about,  as  in  Efhebe,  by  the 
gonidia,  nor  by  a  single  apical  cell.  Each  of  the  hyph^  at  the  end  of  the  branch,  which 
are  nearly  parallel  and  approximate  at  the  apex,  elongates  by  the  apical  growth  of  its 
terminal  cell,  and  thus  they  produce  in  common  the  apical  growth  of  the  branch ;  this  is 
followed  further  backwards  by  an  intercalary  growth,  the  result  of  the  intercalary 
elongation  of  the  hyphs  and  of  the  formation  of  new  hyphs  in  different  directions. 
The  hyphje  lie  so  dose  together  near  the  apex  that  they  form  a  compact  mass  without 
interstices;  it  is  only  at  some  distance  from  it  that  the  hyphal  tissue  is  differentiated 
into  a  very  dense  cortex  of  fibres  interwoven  on  all  sides,  an  axiai  bundle  of  densely- 
crowded  threads  running  in  the  direction  of  length,  and  a  looser  layer  (the  medullary 
layer)  furnished  with  air- containing  interstices.  The  point  below  the  apex  where  this 
differentiation  of  the  hyphal  tissue  begins  is  also  that  of  the  point  of  commencement  of 
the  gonidial  layer,  which  consists  of  small  roundish  green  cells,  collected  in  small  groups 
in  consequence  of  multiplication  by  division  ;  and  these  groups  themselves  form  a  layer 
between  the  medullary  and  cortical  layers  (cf.  Fig.  217,  B,  the  transverse  section). 
Below  the  growing  apex  of  the  branch  of  the  thallus  there  are  only  single  gonidia, 
by  the  division  of  which  the  cells  of  the  gonidial  layer  are  produced.  It  is  evident 
therefore  that  in  Vinea  barbata  the  growth  in  length  and  thickness  and  the  internal 
differentiation  of  the  tissue  depend  entirely  on  the  hyphLC,  and  that  the  gonidia  behave 
hke  foreign  bodies  in  the  hyphal  tissue;  the  formation  of  new  branches  proceeds  also 
from  the  hyphie  and  not  from  the  gonidia.  The  branching  may  be  dichotomous;  and 
in  this  ease  the  apical  ceils  of  the  hyphs  converge  towards  two  nearly  adjacent  points, 
and  then  continue  to  grow  in  corresponding  directions,  so  that  the  two  equal  branches 
form  an  acute  angle.  Adventitious  branches  arise  laterally  below  the  apex  of  the  thallus, 
the  cortical  fibres  forming  at  a  particular  point  a  new  apex  and  subsequently  growing 
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outwards.  Gonidia  are  also  to  be  found  behind  the  new  apex,  while  the  base  of  the 
branch  sends  out  medullary  fibres  and  an  axial  bundle  into  the  primary  branch,  so 
'  that  the  homologous  forms  of  tissue  of  the  two  are  continnous.  The  growth  of  Usnea 
may  be  compared,  irrespectively  of  subordinate  points,  to  that  of  the  so-cailed  stroma 
of  the  Xylari^ ;  the  formation  of  the  gonidia  is  a  subordinate  element  in  the  structure 
of  the  whole. 

In  some  erustaceous  Lichens  the  thallus  possesses  in  general  no  defined  contour,  and 
no  external  differentiation  tafees  place ;  the  thallus  appears  as  a  somewhat  irregular 
aggregation  of  masses  of  gonidia  traversed  by  hyph^.  la  other  erustaceous  Lichens  (as 
Speraslatia  Mark,  Rhizocatfon  lubconcenlrjcum,  Aipkilia  caUarea,  &C.)  the  thallus  forms 
lobed  discs  which  increase  by  centrifugal  growth  at  the  margin;  the  growing  margin 
consists  altogether  of  hyphal  tissue,  in  which,  further  inwards,  masses  of  gonidia  appear 
at  a  few  isolated  spots  and  gradually  spread ;  the  cortical  tissue  is  indented  at  the  circum- 
ference of  the  spots  where  the  gonidia  are  formed.  Isolated  scaly  pieces  of  a  true 
Lichen- thallus  thus  arise  on  a  fibrous  substratum  called  the  bypathaltui' . 

The  Formation  of  the  Spares  of  Lichens  takes  place  in  receptacles  termed  Apothecla, 
when  they  are  similar  to  those  of  the  Discomycetes,  or  Periihecia,  when  they  are  similar  to 
those  of  some  Pyrenomycetes.  They  are  formed  in  theinterior  of  the  tissue  of  the  thallus, 
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and  only  appear  above  its  surface  at  a  later  period,  and  then,  in  the  one  case  they  expand 
their  hymenial  layer  to  the  air  (Gymnocirpoiis  Lichens),  and  in  the  other,  they  allow  the 
spores  to  escape  through  an  orifice  (Angiocarpous  Lichens).  In  all  Lichens  without 
exception  the  receptacle  and  all  its  essential  parts  take  origin  exclusively  from  the  hyphal 
tissue;  it  is  the  Fungus  alone  that  produces  the  receptacles;  the  nourishing  Algsc, i.e.  the 
gonidia,  take  no  part  whatever  in  it;  or  only  in  a  secondary  manner  in  so  far  as  the 
thallus-tissue  together  with  its  gonidia  grows  like  a  wail  round  the  apothecium  and  to  a 
certain  extent  envelopes  it  (as  shown  in  Fig.  218),  or  grows  luxuriantly  beneath  the 
receptacle  and  raises  it  upon  a  kind  of  stalk  above  the  surrounding  thallus.  The  only 
exception  to  this  endogenous  origin  of  the  receptacle  occurs  in  Canogonium  and  similar 
forms,  where  it  is  impossible,  because  the  hyphac  form  only  a  very  thin  laver  round  the 
filamentous  Alga  which  performs  th    p  rt    f  g      d  Th        f    m  e  t      h  th 

especial  clearness,  as  we  know  f    m  S  h«     d  h       tl    t  tl  pt     I       t 

Lichens  belongs  exclusively  to  the  hyph  I  t 

The  investigation  of  the  de    1  pm  nt    f  tl       p  th        n         tt    d  d 
difficulty,  and  more  than   one  p      t         1 11     b  It 

*  See  Schwcndeaer,  Flora,  1865,  no.  i5. 
'  [See  Archer,  On  Apolhecia  in  some  Alga;.  Quar 
'  What  follows  is  taken  from  De  Bary's  accoun 
Schwendener  and  Fuisting.     [See  Stahl.  loc.  cil."^ 
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t     1  I  J  tl     i  p    t    f  th    g      d    i  m 

th    d    p    t  p    t    t  th    th  11  d   t  t    t       h  th 

git  II  d        Epheb     t  b  h  th 

Th  t     f  th      p  th       m  htm 

L   h  y         11  d  1   b  11    f        f     d      t  h  ph  th        t        d 

f      1     h      t  ft     f        y  d  I      t     hjph   — th     fi    t  p      ph>      —   se       t  y         ly 

p        d      Th  t       t  rn  1   hyph  1  tm     t     t  th      b  li        d   th      f  rr       d 

gthtftfpph>  dp       gb        ft      d)        tmdbyih      Igt 

Vn     E    p  I  m      Th     tu  th      g       tl      t   th        d  m     t     f  th       p  thee 

ca         d  bj   th  ase  f  th  pi         b)   th     t     m  t       w  fib  es 

wh  I         w  pa    phy  t    cal  f  d     m     g  th  se     1      dy  f    m  d       d       ts  d     th 

t  ft  th        t  f  th      poth       mbegth        mit      esltfthfrhfn 

t  f  th        bod  C.       th        first  pi  t  d         th  t         f  ti        poth        ra 

t  th        t  d     t        t      es  1     g        ft  ft      th      pp  t  th      p  th       m 

b         th  f  f  th     th  11         Th    m  th  11      f    h      p  th  f    m  d 

dgtShd  Ittg  pel  L  hj  I  11 

d    m    g  th    fi    t      d        t      f  th    I      pi  >        tl    k      hyphs  b  t 

f,  th         t        1         p    t  pi  d    d  d  by      pt         d      th 

fit  hpbltdfthb       h       fthes   hjphiewl    hp  t    b  tw 

th         d      t    h    p      ph)        d       I  pe      t      1  b    h  ped  h  y       y  h  b    t         A 

aic  genoui  hypba:.  They  are  very  readily  distinguished  from  the  paraphyses  by  their 
membnne  being  coloured  blue  by  iodine  after  treatment  with  potash-solution,  while 
th-jt  of  the  paraphyses  remains  colourless.  They  disappear  at  a  very  early  period  from 
the  lower  part  of  the  rudiment  of  the  apothecium  and  remain  onlv  in  one  narrow  layer 
which  runs  parallel   to  the  uppe  f  tthph  dtdbl        th 

lower  ends  of  the   ripe   asci.     In  th      1  y      th  j  fj  t   f  g  1  d   ect 

proportion  as  the  margin  of  the  ex   p  1       g  and        1      t      w  m     g  th       w 

paraphyses.    The  first  asci  appea        th         t       f  th      p  th  d  b  h       d 

states  that  no  genetic  connection         ts  b  t  th     ascoj,  hyph         d  th        f    m 

which    the   paraphyses  are   deriv  d      th     t        f  p  rat       )  t  m     b  t      t 

into  one  another'.     The  layer  in  wl     h  th  g       us  h  pha:  11  d  th    S  b- 

hymeaial  Layer;   the   hymenium    t    If  t       f  th     p      phj  d   th  t  k 

together.  The  term  H^^/Acfium  i  g  t  th  as  t  fib  h  h  1  es  b  th  th  b 
bymenial  layer,  and  is  often  strongly  d  Ipdth  ^h  bq  tg  th  t  nsts 
of  hyph^  the  branches  of  which  e  d       th    hjm        m  as  p      phy  d    f  th 

of  the  primary  ball;  when  matur      t  lybedstghdfmth  plm 

The   growing   apothecium    bulges    m  dm  d   fi     lly   b      k     th       gh     he 

kyer  of  thallus  which  «3Vers  it     th     hym       m       dthmg        fth  pin 

appear  above  the  suriacfe'  of  the  th  U  th    p    t    f  th    th  11  is  wh  li  d 

the  excipuluin  rises  and  grows  wthtfmgbwllt  A        gth        edlly 

hyphse  which  surround  the   apoth        m  mb         f  g      d         b    q       tly     ppe 

many  Lichens,  so  that  a  gonidial  layer  runs  beneath  the  apothecium  In  Prhigera  and 
Solorina  even  the  young  apothecium  is  expanded  flat,  its  paraphj'ses  project  .vertically 
towards  the  surface  of  the  thallus,  and  the  layer  of  thallus  which  cosers  them  is  finally 
lifted  like  a  thin  veil.  In  Baomjcei,  Cnlycium,  &c.  the  basal  ptortion  ot  the  hypothecium 
is  developed  into  a  long  stalk  which  supports  the  apothecium. 

'  From  the  newly-disco\ered  proLesses  in  the  formation  of  the  reproductive  organs  of  the 
Pyrenomycetes  and  Discomycetes  espELially  from  the  most  recent  statements  of  Janczewski  on  Asco- 
bolvs  Jurfiiraceus  {cf.  p.  309)  it  may  be  assumed  that  the  tubular  hyphffi  of  the  sub-hymenial 
layer  arise  from  a  yet  undiscoi  ered  ascogomum  or  scolecite  ;  and  that  thus  the  apothecium  of 
Lichens  is  (he  result  of  a  sexual  process  in  a  similir  minner  to  the  perithecia  of  the  Pyrenomy- 
celes  and  the  apothecia  of  Ptzaa  and  Ascoiolwi       [Thii  haa  been  discovered  by  Stahl.     See  the  end 
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s  mode  of  development 
I  need  to  give  an  exact 


The  peiithecium  of  Angioearpous  Lichens  is  so  similar  ii 
and  in  its  mature  state  to  that  of  the  Xylari^,  that  there  is 
description  of  it. 

The  club-shaped  asci  of  Lichens  are  similar  in  every  essential  point  to  those  of  the 
PyrenomycetesandDiscomycetes;  their  wall  is  often  very  thick  and  capable  of  svi-elling; 
the  spores  (Fig.  219)  arise  simultaneously,  as  in  those  Fungi,  by  free-cell-formation, 
while  a  considerable  portion  of  the  protoplasm  often  remains  unused  in  their  production. 
The  normal  number  of  spores  is  eight,  although  sometimes  only  1-3  (in  Umiilicaria  and 
Megalojpora),  2  or  J  or  from  4  to  6  (in  several  Pertusarise) ;  in  Bactroipora,  Acarospora, 
and  Sarcogyne  on  the  other  hand  their  number  amounts  to  some  hundreds  in  one  ascus. 


The  structure  of  the  spores  is  very  various,  but  in  general  similar  to  that  of  the  Asco- 
mycetes;  very  commonly  they  are  septate  and  multicellular;  theexospore  is  usually  smooth 
and  often  variously  coloured. 

The  spores  are  set  at  liberty  by  moisture  penetrating  the  hymenium ;  they  are 
suspended  in  the  fluid  which  fills  the  ascus,  and  are  expelled  together  with  the  fluid  by 
the  rupture  of  its  apejt.  This  expulsion  is  protiably  caused  by  the  lateral  pressure  of 
the  swollen  paraphyses  and  the  property  of  swelling  possessed  by  the  membrane  of  the 
ascus  itself. 

The  germination  of  the  spores  of  Lichens  takes  place  by  the  endospore  of  each 
spore-cell  putting  out  a  filament  which  ramifies  and  extends  over  the  damp  substratum 


vGooqIc 


THALLOFHyTES. 


326 

oil  which  the  spore  is  placed.  The  mode  of  germination  of  the  very  large  spores  of 
some  genera,  Megalospora,  Ochrolech'ia,  and  Pertuiaria,  differs  from  that  of  all  the  rest. 
They  are  simple,  not  septate,  and  densely  filled  with  drops  of  oi!  (Fig.  220,  A,  SI.  Each 
spore  puts  out  from  different  parts  of  its  circumference  a  great  number,  even  as  many  as 
a  hundred,  germinating  filaments.  The  formation  of  each  begins  with  the  appearance 
in  the  endospore  of  a  cavity  widening  from  within  outwards,  which  becomes  sur- 
rounded by  a  very  delicate  membrane  and  grows  outwards  in  the  form  of  a  filament 
(Fig.  Z20,  ^,B). 

Besides  the  apotheeia  with  ascospores  capable  of  germination,  Spermogoma  are  also 
generally  present  in  Lichens,  as  in  Ascomycetes ;   they  generally  occur  on  the  same 


thallus  as  the  apotheeia.  They  are  caviries  in  the  thallus  which  are  globular,  flask- 
shaped,  or  sinuous,  and  densely  clothed  and  almost  filled  with  steriginata ;  from  these 
sterlgmata  the  spermatia  are  detached  in  very  large  numbers,  and  escape  through  a 
line  orifice  in  the  spermogonium.  Sometimes  also  receptacles  are  found  in  which  larger 
bodies,  more  like  spores,  are  detached  from  the  sterlgmata  ;  receptacles  of  this  kind  are 
called  Pymidia,  as  in  the  Pyrenomycetes. 

Besides  the  spores,  most  Lichens  also  possess  organs  termed  SoreMa,  by  which  they 
are  very  extensively  reproduced.  They  are  single  gonidial  cells  or  groups  of  gonidia 
which,  surrounded  by  a  weft  of  hyphie,  are  pushed  out  of  the  thallus,  and  are  able, 
without  any  further  process,  to  grow  into  a  new  Lichen-thallus.  ,  The  soredia  are  pro- 
duced from  the  thallus  in  the  non -gelatinous  Lichens,  as  a  fine  powder,  forming  si 
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closely  to  them  and  form  an  envelope  of  fibres.  The  gonidia  divide  repeatedly,  and  each 
daughter-cell  is  again  woven  over.  This  process  is  often  repeated,  the  soredia  accu- 
mulate in  great  numbers  in  the  gonidial  layer,  and  finally  ruplure  the  cortex.     After 


escaping  in  this  manner,  the  soredia  can  still  further  multiply  outside  the  thallus;  but 
under  favourable  conditions  either  a  single  soredium  or  a  mass  of  them  grows  out  at  once 
into  a  new  thallus  {Fig.  221).     Schwendener  states  that  in  Vinea  barbata  this  may  occur  , 
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while  the  sorcdia  are  still  included  in  the  mother-thalkis ;  sorcdial  branches,  as  they  are 
termed,  are  thus  produced. 

We  may  now  turn  io  the  consideration  of  the  other  elemental  form  out  of  which,  in 
addition  to  the  Fungus-hyphs:,  the  thallus  of  Lichens  is  constructed,  the  Gnnidla.  It  has 
already  been  suggested  that  these  are  tiolhing  but  AlgiE  which  are  attacked  and  sur- 
rounded in  their  growth  hy  Ascomycetes,  and  serve  as  hosts  to  them,  the  capability  of 
assimilating  inorganic  materials  being  wanting  on  the  part  of  their  parasites. 

Passing  over  the  views  of  the  older  lichen ologists,  which  wiil  be  found  collated  in  the 
writings,  cited  below,  of  Baranet^ky  and  of  Schwendener,  it  may  be  pointed  out  here  that 
De  Bary  (Handbuch  der  physiol,  Bot.  vol,  ii.  p.  391)  arrived  at  the  following  alternative 
conclusions  with  respect  to  the  gelatinous  Lichens,  such  as  £/Afif  and  similar  forms;  'that 
either  these  Lichens  are  the  completely  developed  fructifying  states  of  plants  the 
incompletely  developed  forms  of  which  have  hitherto  been  placed  among  Algae,  as 
Nostocaees  and  Chroococcacese,  or  the  Nostoeaceie  and  Chroococcace^  are  typical  Algsc 
which  assume  the  form  of  CollemsE  and  Ephebae  &c.,  in  consequence  of  the  penetration 
into  them  of  certain  parasitic  Ascomycetes  the  mycelium  of  which  extends  throughout  the 
growing  thallus  and  often  becomes  attached  to  the  celts  filled  with  phycochrome 
{Plectoipora,  Omphalaria).  In  the  latter  case  the  plants  in  question  might  be  termed 
Pseudolfchens.'  From  the  close  of  this  quotation  it  appears  that  the  writer  does  not 
apply  the  latter  alternative  to  the  heteromerous  Lichens  at  any  rate.  Soon  afterwards 
Famintzin  and  Baranetiky,  and  then  the  latter  alone,  published  researches  upon  the 
further  changes  which  the  gonidia  of  Lichens  undergo  when  they  are  set  free  by  the 
decomposition  of  the  byphal  tissue  in  water'.  Baranetzky  comes  to  the  conclusion  that 
'  the  gonidia  of  the  heteromerous  chlorophyll-containing  Lichens  {Phyicia,  E-vemia,  Cla- 
ionia),  as  well  as  the  heteromerous  forms  containing  phycochrome  (Feltigera)  and  of  the 
gelatinous  Lichens  (Colkma),  are  capable  of  carrying  on  an  entirely  independent  life  out- 
side the  lichen-thai! us.  When  set  free,  the  lichen- gonidia  appear  to  extend  their  cycle  of 
life;  thus,  for  Instance,  the  independently  vegetating  gonidia  of  Pbyicia,  B-veriiia,  and  Cla- 
datiia  produce  zoogonidia.'  He  also  found  that  all  the  cells  of  the  spherical  masses  com- 
posed of  the  gonidia  of  Peltigera  undergo  a  transformation  so  as  to  become  extremely  like 
the  interstitial  cells  of  a  Nostoc,  and  he  did  not  doubt  that  this  was  their  permanent 
condition.  'Some,perhapsmany,oftheformshithertodescrlbedasAlgK  most  be  considered 
as  Independently  vegetating  lichen-go  nidia,  for  the  present  at  any  rate;  such  are  Cystococcas, 
Polycoccus  and  Naitoc'  The  researches  of  Schwendener  carried  on,  in  part  earlier,  in  part 
simultaneously  and  later,  in  the  most  careful  manner,  led  to  the  opposite  conclusion,  that 
the  gonidia  are  in  fact  Algie  which  are  more  or  less  disturbed  in  their  manner  of  life  by 
the  Fungus  which  is  parasitic  upon  them.  He  first  definitely  stated  and  explained  this 
view  in  his  treatise  'Ueber  die  Algentypen  der  Flechtcngonidien,'  (Basel,  1869),  as 
applying  to  all  Lichens.  In  this  memorable  work,  which  assigned  to  the  Lichens  for  the 
future  their  true  systematic  position  among  the  Ascomycetes,  he  gives  an  account  of  those 
genera  of  AlgK  which  were  to  that  time  known  as  the  hosts  of  lichen-fungi,  that  is,  as 
playing  the  part  of  gonirfia. 

I.    Bluish-green  Algse.     (Nostochineie.) 
Name  of  group  nf  Alga.  Lichen  in  ivbicb  they  occur  aj  gcmdin. 

(t)    Sirosiphono^        .  .  Ephebe,  Spilonema,  Polycbidium. 

{%)    Rivulariese  .  .  Thamnidium^  Lichlna,  Raccbiennn. 

(5)    Scytonemea:       .  .  H/ppia,  Perccypbus. 

(4)  Nostocaceae         ,  ,  CoUenia,  L^mpbolemma,  Leptogium,  Pannaria,  Peltigera, 

(5)  ChroococcacesE  .  .  Omphalaria,  EiicbjHuin,  Phylliicitim. 

'  Mem.  de  I'Acad.  Imp.  des  Sei.  de  St.  Petersbourg,  7th  scries,  vol.  XI.  no.  9  and  Mflanges 
biologiques  Cir^s  du  Bulletin  de  TAcad.  Imp.  de  St.  P^tersbourg,  vol,  VI.  i867.~[Ann.  des  Sd.  Nat. 
5th  series,  1867,  vol.  VIII.  pp.  1 37-144.]— Also  ItP.igssohn,  Bot.  Zeilg.  1S6S,  [and  Woioniii,  Ann.  Sci. 
Nat.  XVI,  1872]. 
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11.   Green  Algx. 

(6)  GonfervacesE  (Cladopbcra)  .         .       Cmnogon'mm,  Cyttocoleus. 

(7)  GhrooIepideiE      ....       Graphideje,  Verruca'riea:,  ReceeUa. 

(8)  Palmellace:e        ....       Many  fruticose  and  foliaceous  Lichens. 

Cyilococcui  humicola  .  .       Phyicia,  Cledotiia,  E-vernia,  Uinea,  Bryopogon 

and  Anaptycbia. 
Pleurococcus     ....       Eadocarfon      and      v2 

Lichens. 
Protococcus      ....       Clndonia,  Physcia. 
Stkhuoccui  .  .         .         .       Spi  pi   i    P  l}bl 

{•))    GoleochfEtefe  {Pbyliadidium,  Kiitz  )  Op  g    pi   fi 

The   inconceivable   opposition   offered   t      S  h        d  th 

must  surely  be  overcome  by  a  recent  publ     t         t  B        t 
gation  of  sixty  genera  of  Lichens,  he  com     t    tl  1 

can  be  referred  to  some  species  of  AlgEc  d  th  t  th 
gonidia  are  of  such  a  kind  as  to  exclude  y  p  b  1  tj 
a  genetic  connection  between  them  ;  th  t  th  y  fi  d 
explanation  in  the  theory  of  parasitism,  B  m  t  h 
which  is  the  host  of  the  Fungus  become  mod  fi  d 
that  the  Fungus  Itself  often  undergoes  some  change.  He  describes  more  accurately  than 
had  previously  been  done  how  the  byphse  of  the  Fungus  attach  themselves  to  the  algal 
cells,  and  even  penetrate  into  them,  in  order  to  absorb  their  contents,  as  the  occurrence 
of  the  empty  cell-walls  of  gonidia  in  the  lichen-thai  lus  suggests.  He  did  not  content 
himself  with  seeting  in  nature  material  which  would  show  the  Algje  being  attacked  by 
the  lichen-fungus  and  the  gradual  formation  of  the  thallus,  but  he  sowed  spores  of  Lichen- 
fungi  upon  Algic"  in  order  to  be  able  to  observe  the  manner  in  which  the  Fungus  avails 
itself  of  the  Alga,  Of  more  especial  interest  is  his  proof  of  the  fact  that  the  same  Alga 
may  serve  for  very  different  F.ungi ;  for  example,  Chraatepui  umbrinum  supports  no  less 
than  thirteen  genera  belonging  to  five  families  of  Lichens.  Although  many  Lichen-fungi 
require  to  have  particular  Alga  as  their  hosts,  a  condition  which  occurs  also  in  other  easesof 
parasitism,  it  also  happens  that  the  same  Lichen-fungus  can  avail  itself  of  various  forms 
of  AlgLE  as  its  gonidia.  The  Alga  which  has  been  attacked  by  the  Fungus  and  has 
become  surrounded  by  its  hyph^  is  not  always  hindered  in  its  growth,  but  in  many 
cases  is  actually  stimulated  to  more  active  vegetation.  For  further  important  details 
I  must  refer  the  reader  Co  the  wort  itself. 

All  reliable  observations  thus  lead  to  the  conclusion  that  a  lichen -thallus  is  a  mycelium 
which  is  nourished  as  a  parasite  by  an  Alga.  The  fructification  of  the  Lichen,  the 
apotheeium  or  perithecium,  belongs  exclusively  to  the  mycelium. 

[The  most  conclusive  evidence  in  favour  of  the  truth  of  Sehwendener's  theory  has 
been  brought  to  light  by  the  researches  of  StahP.  In  the  first  place,  he  succeeded,  by 
cultivating  the  spores  and  hymenial  gonidia  of  Endocarpim  pusillum,  in  producing  arti- 
ficially a  Lichen- thallus  which  bore  perithecia  and  spermogonia.  In  the  second  place, 
he  discovered  that  carpogonia  are  present  in  the  thallus  of  certain  Lichens  which  he 
investigated.  The  carpogonium  of  Colkina  tnicrophylhm,  for  instance,  is  a  hyphal 
filament  which  forms  closely  appressed  coils  at  some  distance  below  the  surface  of  the 
thallus,  and  is  then  prolonged  straight  to  the  surface  beyond  which  it  projects.  The 
carpogonium  thus  consists  of  two  parts,  the  coiled  portion,  which  Stab!  terms  the  asco- 
gonium,  and  th,e  straight  portion,  which  he  calls  the  trichogyne.    Sperraatia,  derived  from 

'  Bomet,  Recherches  sur  les  Gonidies  des  Lichens,  Ann.  des  Sci,  Nat,  t,  XVII.  1873. 

'  Compare  also  Reess,  Monatsber.  der  Bed.  Akad.  1871 ;  and  Schwciidencr,  Flora,  1872 ;  also 
Treub,  Bot,  ZeJtg.  1873. 

=  [Beitrage  2ur  Eiitwiekelungs^eschichte  der  Flechlen,  I,  II,  1S7J :  al™  de  Bary,  Die  Ei- 
scheinnng  der  Symbiose,  1S79.] 
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the  sperm ogonia,  are  disseminated  over  the  surface  of  the  thallus  by  the  agency  of  water, 
and  are  thus  brought  into  contact  with  the  projecting  eel)  of  each  trichogyne,  and  to  this 
they  adhere.  The  contents  of  one  at  least  of  (he  spermatia  pass  into  the  trichogyne  in 
consequence  of  the  absorption  of  the  cell-waits  at  the  point  of  contact,  and  thus  the 
carpogoniiim  is  fertilised.  It  will  be  seen  that  this  mode  of  fertilisation  is  the  same  as 
that  which  has  been  described  in  the  case  of  the  Florideie.  In  consequence  of  fertilisa- 
tion the  cells  of  the  ascogonium,  as  well  as  those  of  the  adjacent  hyphs,  are  stimulated 
to  growth,  and  the  result  is  the  formation  of  an  apothecium  ;  from  the  ascogonium  are 
produced  the  asci,  and  from  the  adjacent  hyphie  the  paraphyses  and  the  wall.  Zt  is  clearly 
shown  that  the  apothecium  is  dei'ived  solely  from  the  fungal  constituent  of  the  Lichen. 
These  results,  besides  throwing  light  upon  the  nature  of  Lichens,  give  a  clue  to  the 
significance  of  the  spemiogonia  and  spermatia  in  other  Ascomycetes  and  in  the  ^cidio- 
mycetes.] 

B.    The  -5!cidiomvcetes  '. 

If  in  characlensme  this  group  attention  is  coi  fined  as  in  the  caie  ( f  the 
precedint,  groups  to  those  forms  uhise  development  is  completelj  Itnowi  two 
extreme  cases  as  regard  the  conditions  of  reproduction  and  the  alternal  on  of 
generations  present  ihenisehes  In  the  simplest  case  the  mjLelmm  \  roducea 
a  fructificati  n  the  so  called  Eadium  Mh  ch  t.onsist!>  in  its  mature  condition  of 
a  cup  shaped  imestment  (pendium)  and  of  a  hymeniuni  occupjing  its  basal  pirt, 
from  the  bas  d  a  of  the  hjmenmm  "ipores  are  formed  by  -ib'.trcliin  The  spores 
thus  produced  (audiosp  tes)  at  once  germinate  and  cat.h  tne  devekpcs  a  short  fik 
ment  consisting  of  but  few  segments  the  growth  of  which  soon  ceises,  and  bearing 
upon  short  dehcate  branches  smaller  reproduct  ve  cells  the  spotiha  which  maj  be 
included  under  the  term  comdii  in  the  sense  in  which  that  term  has  h  therto  been 
used  The  h>pha  bear  ng  then  is  tc  be  regarded  as  a. promyalmm  The  sparidia, 
on  gemiinaton  throw  out  hjph'e  which  penetrate  into  the  cj  idermal  cells  of  the 
host  and  giie  r  se  to  a  mjcelium  which  n  its  turn  forms  ■ecidium  fruits  In  this 
case  which  is  foui  d  represented  by  Endophyllum  Semfeni  r  there  occurs  a  simple 
alternation  of  generations  the  alternating  general  ons  being  the  mjcehum  and  the 
fruclificaton  (Eecidmm)  with  (he  slight  laraton  that  the  ■ecid  ospores  gi\e  rise  to 
the  m)celium  not  directh  but  indirecth  b}  means  of  the  promycelium  and  its 
spondia  The  other  extreme  case  is  represented  hy  Vadium  Berbtndis  Mcidium 
legummosarum  and  others  Here  new  micelia  are  directU  formed  by  the  ^cid  o- 
spores  w  thout  the  intercalation  of  a  promycelium  They  do  not  howe\er  give  rise 
to  Eecidium  fruits  but  devek  pe  con  d  a  (the  so  called  f ;  dosport  t)  upon  basidia  clo  ely 
pacKed  so  as  to  f  rm  a  kind  of  cushion  bv  means  of  which  numerous  general  ons 
of  mjcel  a  are  produced  dunng  the  penod  of  le^elation  If  is  net  until  later  that 
reproductive  ce  Is  of  another  kind  the  Tel Tdlos/ ires  are  produced  m  these  genera 
t  ons  to  which  the  name  Lr^do  has  been  j,iven      These  germinate  in  the  following 

■  Tulasne  \nn  des  ^-c  Nat  3rd  ser  vol  \  II  4th  ser  vol  II -De  Bary  Ann  des 
Sci.  Nat.  4th  ser,  \ol.  XX,  and  Monatstier.  d.  Beri.  Acad.  1865.— Oer= ted,  Eot.  Zeit.  1865,  p.  391.— 
Reess,  Die  RostpiMonnen  der  deutschen  Coniferen,  Halle  1869  (Abh.  der  nalutf.  Gesellsch.  Bd.  XI). 
— Oersted's  System  der  Pilze,  Lichenen,  und  Algen,  translated  into  German  by  Grisebaeh  and  Reinke, 
Leipzig  1873,  p.  rg.     [Schroter,  Enlwick.  einig.  Rosfpibe,  in  Cohn's  Beitrage,  I,  18^5,] 
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spring  and  form  promycelia,  Trom  the  'ipondia  of  whicli  the  m>celia  which  bear  the 
Eecidium-fruits  are  developed. 

On  comparing  this  second  case  with  the  first  it  becomes  ei^ident  that  here 
several  generations  of  myceUa  are  intercalated  between  the  formation  of  the  lecidio 
spores  and  the  formation  of  the  proni>ceIium  These  generations  give  rise  to 
peculiar  reproductive  cells,  the  uredospores  and  the  teleutospores 

A  sexual  act  has  not  as  yet  been  observed  eien  in  these  well  known  forms  of 
^cidiomycetes.  If,  however,  we  adhere  to  the  rule  that  in  the  Thallophjtes  a^  m 
Cryptogams  generally,  the  most  complex  form  of  development  is  the  result  of  a 
sexual  act,  and  if  we  assume  that  an  act  of  this  kind  does  actually  take  place  m  th:s 
case,  we  cannot  but  regard  the  ■«cidium  fruit  as  the  se^ualh  produced  generation ' 
The  Kcidium -fruit  will  then  coriespond  to  the  fruct  fication  of  the  'Vscomycetes  the 
fecidiospores  to  the  ascospores,  and  the  uredospore«  teleutospores  and  sporidia  to 
various  forms  of  conidia.  Should  these  probable  assumptions  te  sub'^tantiate i  by 
future  discoveries,  it  becomes  at  once  evident  that  the  nomenclature  of  the  genera 
must  be  based  not  upon  the  forms  bearing  teleutospores  but  upon  those  beanng 
fecidia,  for  instance  the  genus  now  known  as  Puiania  will  have  to  be  reconstituted 
under  the  name  ol  Mcidium,  the  genus  Gymnosporangium  under  that  o^  Roeslslia,  &c., 
just  as  among  the  Ascomycetes  not  the  conidia  liut  the  sporocarps  afford  the  basis 
for  their  systematic  arrangement. 

That  the  uredospores  and  teleutospores  are  merely  forms  of  conidia  is  demon- 
strated by  the  fact  that  they  are  present  in  some  genera  and  species  and  absent  in 
others,  resembling  in  this  respect  the  conidia  of  the  Ascomycetes.  They  are  both 
absent  in  EndophyJlum,  the  uredospores  are  absent  in  Roesklia,  and  both  are  present 
in  ^cidium  Berberidis  and  in  JEcidium  Leguminosarum. 

The  view  which  is  here  maintained  is  exclusively  founded  upon  the  weli-known 
forms.  There  remains  a  much  larger  number  of  forms  of  which  the  life-history  is 
only  imperfectly  traced.  In  a  series  of  forms,  for  instance,  the  Eecidium-fruits  only 
are  known  [Vadium  dalinum,  Pini,  abietinum^,  &c.),  and  it  is  still  uncertain  whether 
or  not  they  reproduce  themselves  by  the  aecidiospores  alone:  in  others  only  the 
teleutospores  are  known  {Chrysomyxa,  Puccinia  Dianihi,  compacta) :  in  others  again 
only  the  uredospores  {Cceoma  piniiorquum):  uredospores  and  teleutospores,  without 
Eecidium-fruits,  are  known  in  Mdampsora  and  Cokosponum.  The  last-named  cases 
recall  Penicillium  and  Euroiium  in  which,  formerly,  only  the  conidia  were  known 
and  not  the  true  fructifications,  but  they  differ  from  them  in  that  they  possess  two 
kinds  of  conidia.  It  appears  that,  like  Penicillium.  and  other  Ascomycetes,  certain 
jEcidiomycetes  can  reproduce  themselves  for  many  generations  solely  by  means  of 
their  conidia  (uredospores  and  teleutospores)  without  attaining  the  completion  of 
their  development  in  the  formation  of  a  true  fructification  (aecidium). 

The  formation  of  the  fructification  of  the  jEcidiomycetes,  like  that  of  many 
Ascomycetes,   is   accompanied    by   the    development   of   peculiar   receptacles,    the 

'  To  this  view  I  drew  attention  in  tlie  first  edition  of  this  bools  (1868).  Oersted,  loc.  at.,  and 
Brefeld  also  support  it.      [See  also  Stahl,  Bot.  Zeitg,  1874.] 

'  [The  life-history  of  ^c.  abielinum  has  since  been  traced  by  De  Bary  (Bot.  Zeifg.  1879).  The 
mycelium  bearing  uredo-  and  teleutospores  infests  the  leaves  of  Rhododendron  ferrugineum  and 
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speniiogonia,  the  significance  of  which  in  both  cases  is  obscure.  They  make 
their  appearance  usuallj'  just  before  the  tecidium- fruits  and  close  beside  them  upon 
the  leaves  of  the  host.  They  extrude  small  conidia  (spermatia)  formed  by  abstric- 
tion,  the  significance  of  which  in  the  life-history  of  the  .-Ecidiomycetes  is  completely 
unknown.  It  has  been  suggested  that  they  are  to  be  regarded  as  parasites,  although 
the  extraordinary  constancy  of  their  appearance  certainly  militates  against  this  view. 

The  ^cidiomycetes  exclusively  inhabit  living  Phanerogams,  mostly  their  stems  and 
leaves,  but  also  the  living  cortex  of  trees  (Conifera-}.  The  extension  of  the  mycelium 
in  the  intercellular  passages  of  the  host  does  not  usually  produce  much  injury,  though  in 
some  cases  the  host  becomes  deformed,  as  for  instance,  the  formation  of  'witches- 
brooms'  in  Firs  by  the  growth  of  /Ecidium  eiatinam.  Occasionally  the  mycelium  is 
confined  to  certain  circumscribed  areas  of  its  host  {jEc'idium  Leguminosarum  and  others), 
but  more  commonly  it  extends  throughout  its  tissues  {JEddium  EuphorbiiE  cypnrissix, 
Endaphyllum  Sempervi'vi).  The  fructifications,  as  also  the  eonidii,  are  developed  beneath 
the  epidermis  of  the  host,  and  penetrate  through  it  to  the  surface  only  when  they  are 

Some  of  the  best-known  forms  possessing  conidia  avail  themselves  of  the  same  plant 
as  a  ho"t  throughout  their  whole  life-  for  example  •Ecidiam  L^guminBiarum  and  Tngo 
pog  thrsth        n  pdt       fm  dlpdp      dff       t  host 

mpl      th     a:    d    m  fn  t       f  .^   ^ 


B    be             Ig              h  1  t    th           d    )                d    tl       t  1 

t    p                    f         d        ly 

p       Gra    es 

S      1    l>   th      1    g     -e    d    m  t      t       f   B        ;          ncll                         ly 

p       th     1 

f  P            ae  th     t  1     t    po            ly     [ 

th         f  p            fjp 

h  f    m 

th                  d  t    b    h  t    CE           (tee 

)  t    d  U  gu  h  th  m  f    m 

th  se      b 

mt       dhhhbtth                ht 

tl       gh     t  tl           1    1      If 

(       t<E             ) 

n      po 

d    d      1  pc  1  f        th    p       >     1    m  [   I   th 

th        d        d  t        £E   d  0- 

po              f 

t  I     t    po      It,          (F  1  yph^      h    h  p 

th         U      f  th       p  d     m  1 

11         dp 

t    t        t      h         t             t  th     h     t      hi  t 

th     hyphie  d           I  f    m  th 

s   d     p 

dfral            dp           g            pth 

pd     m        f   th      host       tl 

th  y        h 

t          th       gh     h    h  th  y       t      th        t 

11  1      passag         T     th         le 

P             Dan 

6      ff  rs                 pt             th  t  th     p    my     1 

1    m  d         d  1     m  th     t  1     t 

p         f    m 

po  d       h   h       d  th      hyphx  th      gh  th 

t  m  t 

B  th   th 

dp             dthtltpespt 

d     th       h  phK  f              t 

d  fi    t    p  rt 

t  th           f         t     h   1    th        t     1 

d                1   m      b           (th 

P      ) 

th              t    g                 ry  th         E     h        d 

p        p          t    fr  m  thre     t 

h 

1)    g        t      q     t          d        h  t  1    tospo 

his                      h       11      Th 

t  1    t    p    es 

myh        gl              V      J                 p 

P                   th             yb 

gg    g  t  d  t 

g  th                    T  fh    gm                           i 

PI     g     d             Th  y 

llj     ft                   d  rabl     p       d     f    e. 

th      p      g    b  t                    liy 

m^  1   t  !, 

ft      th       f    m  t        {Roe     }      P              D 

i) 

I          d 

t       11     tra       th        If    h   t    J     I      I 

pi     th     F     K       th 

dospo 

f      h   h  p    d         th            t      f  Wh    t    th 

i.    d         Be  b      1      h  th    t 

I           p 

G 

O    th    1 

S  B    h            1^                 f       d        tl 

p      g  y  II         h         II         p  t 

hd  f  llfilmts  tpdbt  tip         hym       II 

(F  g       J    ^    nd  /  th    f  It  d     1     1  Ij    g  b  t  th        II     b     g     d        d  by 

d  t  )      I     th  II       pet  f      d  tw    k    ds    t  fr    t  fi    t        th     Sp       g 

which  are  produced  somewhat  earlier,  and  the  .-Ecidia.  Tlie  apermogonia  (Fig.  223,/,  ip) 
are  urn-shaped  receptacles  surrounded  by  a  layer  of  mycelium  as  an  envelope ;  hair-lite 
threads  which  clothe  the  cavity  protrude  in  the  form  of  a  brush  from  the  opening  of 
the  spermogonium,  penetrating  the  epidermis  of  the  leaf;  the  bottom  of  the  spermo- 
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gonium  h  covered  with  short  mycelial  branches,  from  the  ends  of  which  are  detached 
numerous  very  small  spore-like  bodies,  the  Spermatia.  It  has  already  been  stated  that 
their  significance  in  the  development  of  the  Fungus  is  unknown.  The  scidium-fruits 
lie  at  first  beneath  the  epidermis  of  the  leaf,  where  they  form  a  tuberous  parenchymatous 
body-(^),  also  surrounded  by  an  envelope  of  fine  mycelial  filaments.  When  mature  the 
a:cidium  breaks  through  the  epidermis  of  the  leaf  and  forms  an  open  cup,  the  wall  of 
which  (the  peridium,  p)  consists  of  a  layer  of  hexagonal  cells  arranged  in  rows,  which 
are  produced  at  the  bottom  of  the  cup  from  basidium-like  mycelial  branches.  The 
bottom  of  the  cup  is  occupied  by  a  hymenium,  the  hyph^  of  which  have  their  apices 


directed  outwards  and  are  continually  detaching  new  conidia-like  spores,  which,  originally 
of  a  polyhedral  form  in  consequence  of  pressure  from  opposite  sides,  afterwards  become 
rounded,  and  separate  from  one  another  at  the  opening  of  the  cup  {/,  a).  The  peridium 
itself  has  the  appearance  of  a  peripheral  layer  of  similar  spores ;  its  cells  however  remain 
united,  and,  like  the  spores,  contain  red  granules.  The  Kcidiospores  produced  upon 
the  leaves  of  B^rberh  only  develope  a  mycelium  when  their  germination  takes  place 
upon  the  surface  of  a  leaf  or  stem  of  Grass  (as  Wheat  or  Rye).  The  germinating  fila- 
ments then  penetrate  through  the  stomata,  and  the  mycelium  produced  in  the  paren- 
chyma of  the  Grass  generates  within  6  or  lo  days  the  uredospores  {HI,  ur),  which  are 
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formed  in  cushion -I  ike  masses  of  mycelium  upon  densely- crowded  branches  (basidia) 
directed  outwards  immediately  beneath  the  epidermis.  They  contain  red  granules  and 
are  perceptible  with  the  naked  eye  as  narrow  long  red  projections  upon  the  leaves  and 
stems  of  Grasses.  These  uredospores  are  dispersed  after  the  rupture  of  the  epidermis, 
and  germinate  after  some  hours  upon  the  surface  of  the  Grasses  (Fig.  224,  D)  :  in  these 
they  form  new  mycelia  which,  in  6  or  ro  days,  bear  uredospores  again.  While 
the  Fungus  is  multiplying  in  this  manner  for  several  generations  on  Grasses  during 
the  sunnmer  In  its  uredo-form,  the  production  of  a  new  form  of  spores  begins  in  the 
older  uredo-fruits ;  the  long  two-celled  (eleutospores  begin  to  be  formed  near  the 
roundish  uredospores  (Kig.  233,  III,  t).      The  formation  of  uredospores  in  the  uredo- 


fruits  then  entirely  ceases,  and  teleutospores  only  are  produced  (Fig.  22J,  IT),  and  with 
them  the  period  of  vegetation  closes.  The  teleutospores  persist  on  the  grass-haulms 
through  the  winter,  and  do  not  germinate  till  the  spring ;  they  emit  from  their  two  cells 
short  septate  germinating  filaments  (Fig.  224,  A,  B),  the  promycelia,  at  the  ends  of 
which,  on  slender  branches,  the  sporidia  are  produced.  These  sporidia  develope  a  new 
mycelium  only  when  they  germinate  on  the  surface  of  the  leaves  of  the  Barberry ;  their 
mode  of  germination  differs  from  that  of  the  other  forms  of  spores,  their  germinating 
filaments  penetrating,  as  in  the  Peronospores,  into  and  through  the  epidermis- cell  (Fig. 
224,  C,  jf  and  i),  and  thus  reaching  the  parenchyma.      They  there  form  a  mycelium 
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which  produces  the  swell  %  f  th  I  af  1 1  t  ng  the  first  stage  which  we  considered, 
a  mycelium  which  bear     p  %  d        d       -fruits. 

The  genus  Roeilelia  posses  d    p  Its  EEcidium-fruits  which  mate  their 

appearance  in  July  and  A  gu  t     p       th     1  petioles,  and  fruits  of  the  Pomaces 

(Pyrus,  Cydonia,  Sarbm)  bl    1     (,     ecked  fi    ks  and  may  become  as  much  as  eight 

millimetres  long ;  they  pe  th  t  th  p  s  or  laterally  by  means  of  slits.  The 
chains  of  spores  present     p       I      ty     h    h  rs  also  in  other  instances,  that  between 

any  two  spores  there  I  t      1         II  wh    I        bsequently  decays.     The  teleutospore- 

fruits  belonging  to  Reat  lia  (1  ly  L  Gymnoiporang'ium)  appear  upon  species 

oiJnnipemi  in  the  spri  g  as    ph  n     1  I     1  vate,  tongue-shaped,  or  palmate  gela- 

tinous masses   of  a  yell  w         b  1  They  consist  of  cJosely-placed   basidia 

arising  from  the  mycei  m  wh  h  t  d  b  th  the  epidermis  of  the  leaves  and  in 
the  cortex  of  the  branches  d  I  g  tl  t  I  tospores.  The  teieutospores  resemble 
those  of  jEcldiutn   Berb     d  d  1  k     th        p    duce   promyeelia  on  germination,  the 

sporidia  of  which  reprod        R        iia      th  £e    d        -fruits  upon  the  leaves  of  Pomaces. 

Under  the  name  of  Hyp  d  m  »  D  B  y  unites  the  Uredinese  with  the  Ustila- 
ginesE,  which,  however,  do  not  seem  to  be  very  closely  related  to  them.  The 
Ustilagme® '  (bmuts)  are  parasitic  m  the  tissues  of  Phanerogams  especially  of  Grasses 
in  which  their  mjcehum  ramifies  without  at  fir^t  effecting  an>  injury  It  is  only  when 
the  fructiheation  conai'iting  ot  spherical  dark  coloured  ccnidia  is  formed  that  the 
vegetable  organ  in  which  it  occurs  becomes  deftrmed  this  usually  swelli,  up  into 
a  vesicle  the  «hole  of  the  interml  ti'Jsue  being  absorbed  and  replaced  bj  a  biack 
powder  the  conidia  of  the  FunjjUi  Maze  seeds  are  in  this  wav  con>eited  by  the 
Vitilago  Maid  J  into  lesieles  tf  the  size  of  a  nut  «hieh  on  bursting  I  berite  the 
powdery  comdia  Oats  attacked  by  the  smut  are  enbrelj  filled  wth  the  conidia  of 
Tilktia  caiiei  The  germmat  ng  conidm  prodice  a  small  promycelium  which  beare 
spondu  the  hypha:,  devokped  from  the  spondn  penetrate  into  the  sprouting  gram 
ind  the  n  vteiiun    continues  to  grou   until  tt  produces  tonid  i  m  the  eais 


C.    The  BasidiomyceteS  ^. 

Although  this  division  includes  the  largest  and  most  beautiful  of  the  Fungi,  yet 
it  is  just  here  that  our  knowledge  of  their  life-history  is  most  imperfect.  All  that 
is  certainly  known  is  that  the  basidiospores  developed  upon  the  large  fructifications 
consisting  of  masses  of  hyphse,  germinate,  forming  mycelia,  and  that  at  a  later 
period  these  mycelia  bear  fructifications.  A  development  of  sexual  organs,  by 
means  of  which  the  formation  of  the  fruit  could  lake  place,  has  not  as  yet  been 
observed  upon  the  mycelium ;  still,  a  consideration  of  our  knowledge  with  regard  to 
the  Ascomycetes,  more  especially  the  Dis corny cetes,  makes  it  at  least  probable  that 
the  spore-producing  fructification  is  to  be  regarded  as  a  true  fruit  which  owes  its 
origin  to  the  as  yet  undiscovered  sexual  organs  existing  upon  the  mycelium '. 
However  this  may  be,  the  whole  process  of  development  naturally  divides  itself  in 

■  [Tulasne,  M^moires  sur  les  Ustilaginees;  Ann.  Sci.  Nat.,  s^r,  3,  VH,  s^r.  4,  II.— De  Bary. 
Unlers.  ueb.  die  Brandpilze,  Berlin  1853. — Fischer  von  Waldheim,  Aperju  systematiqne  des  Ustila- 
gitiees,  Paris  1877. — De  Biry,  Pratomyees  microspofus  und  seine  Verwandten,  Bot.  Zeitg.  1874.] 

'  See  De  Bai7,  Morphol.  u.  Physiol,  der  FJIze,  Fiechten,  und  Myxomyceten,  Leipzig  1866. 

^  [From  the  researches  of  Brefeld  (Basidiomycetes,  1877)  it  appears  that  these  plants  have  no 
sexual  reproduction.  Their  laige  fructifications  are  comparable  to  the  asexual  conidia-bearing 
fruclifica lions  of  the  Ascomycetes.  The  so-called  'basidiospores'  ate,  like  the  ' uredospores '  and 
'  leleulospores '  of  the  .iSlcidiomycctes,  merely  conidia.] 
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ih  s  i,abe  also  into  Iwl  prmci[  al  btages  the  first  be  ng  that  of  a  IiIjTwentoL  s  iin  eel  um 
derived  from  the  spores  the  seLond  that  of  a  fruct  ficition  of  sohd  tasue  pro 
duciiif,  numerous  ^pores^  No  other  organsi  of  leproduction  are  known  to  recur  with 
certaintj  in  the  Basidiotnj ccf ea  (see  De  Bar^    loc  at) 

The  e\ternal  form  and  the  internal  structure  of  these  fructifications  vary  to 
a  \ery  great  extent  but  the  formation  of  the  spores  takes  place  upon  one  common 
plan  Ci-rtain  branches  of  the  fertile  hyphas  become  swollen  so  -is  to  be  club 
shaped,  and  constitute  the  cells  which  bear  the  spoies  the  Basidia  Each  basidium 
produces  simultaneously  two  or  more  usual!)  four  basidiospores  (or  e\en  eight) 
Ihej  are  formed  bj  the  outgrowth  of  the  wall  of  the  bisidium  into  delicate  papiU'B 
which  become  spherically  or  ovally  d  lated  at  their  free  ends  each  of  these  dilata 
tions  becomes  invested  by  a  firm  membrane,  and  is  a  spore  which  remains  for  a  time 
upon  the  pedicle  but  it  length  falls  off 

The  basidia  are  developed  simultaneous!)  in  large  numbers  and  are  usuallj 

closeh  airangcd  parallel  to  each  other,  in  this  waj  the  h^mema  are  formed,  which 

among  the  H\  menomj  cetes,  contain    as   m   the  Discom^cetes    sterile  cells  (pan 

ph)ses)  among  the    fertile  ones  (bisidia)      If  the  h)menial  laver  clothes  its  free 

g>  however,  it  lines 

B  po         m  taining  decaying 

m  m  s  in  the  cortes 

rm  'ing  branches  as 

living  vegetable 


fti  f  the  most  widely 

iti        ru  Ex  m  Vaeeinii ',  the 

m  Vith  idaa.      On 

ly  bears  a  hyme- 

{  F  Tr  m    Im  s  gi  wood  or  upon  the 

us     onsiitency  and  of 
rregul  as  ru  e  delicate  hyphse 

ss  formation  of  the 

po  es  m  Basidiomycetes '. 

(3)  g  Hym       my      ea  ndant  species  are 

those  commonly  known  as  Mushrooms,  The  structure  which  is  usually  called  the  Fungus 
is  the  fructification  which  springs  from  a  mycelium  vegetating  in  the  ground,  or  on  wood 
or  some  other  substance.  Usually,  but  not  always,  the  cap  {fileus)  is  stalked ;  on  its  under- 
surface  the  hymenial  layer  lies  upon  projections  of  the  substance  of  the  pileus  uf  various 
forms.  In  the  genus  Agaricui  these  projections  consist  of  numerous  lamellie  attached 
vertically  and  running  radially  from  the  summit  of  the  stalk  to  the  margin  of  the  pileus; 
in  Cyclomyces  the  lamellie  form  concentric  circles ;  in  Folyporus  and  Dadalea  they  ana- 
stomose in  a  reticulate  manner  ;  in  Boletus  they  form  closely  crowded  vertical  tubes;  in 
Fiilulina  the  tubes  stand  alone;  in  Hyduum  the  lower  side  of  the  pileus  is  covered  with  soft 

'  Woronin,  Bericht  der  naluif,  Gescllsch.  in  Freiburg,  vol.  IV.  1867. 

=  See  Tuksne,  Ann.  des  Sei.  Nat..  3rd  scries,  vul.  XIX,     [Also,  ib.  sir-  ;,  XV,  and  Brefeld, 
he.  «■/.] 
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dependent  spines  Eike  icicles,  the  surface  of  which  bears  the  hyinenium,  &c.  In  many 
eases  the  fructification  is  naked ;  in  others  the  lower  side  of  the  pileus  is  covered  with  a 
membrane  which  is  afterwards  ruptured  ('velum  partiale),  or  the  pileus  and  stalk  are  both 
enveloped  in  such  a  membrane  (-veluin  vni-ver4ale) ;  or  finally,  in  a  few  species  (Amanita) 


both  are  found.     This  formation  of  a  velum 
the  whole  fructfflcation  ;   the  naked  pilei  are  esser 
a  velum  indicate  a  transition  to  the  angioc    p 
Jgaricus  -variecolor  is  to  a  certain  extent  an      t 
pileus  and  those  furnished  with  a  universal       I  i 
arises  as  a  slender  cone  on  the  mycelium  (F 


connected  with  the  entire  growth  of 
itially  gymnocarpous,  those  covered  by 


hyphK  growing  at  the  apex  (I,  c) ;  an  outer  layer  of  hyphjc  is  present  at  an  early  stage 
surrounding  the  whole  body  as  a  loose  envelope;  afterwards  the  direction  of  growth 
alters,  the  branches  of  the  hyphie  turn  outwards  beneath  the  apes  (II,  III)  and  thus  form 
the  pileus  (IF),  the  margin  of  which  continues  to  grow  centrifugally ;  the  lamellsE  are 
formed  on  its  under-surface ;  as  the  distance  of  the  margin  of  the  pileus  from  the  stalk 
increases,  the  loose  peripheral  layer  of  hyphs  becomes  stretched  (IF,  -v),  and  forms  a 
rudimentary  universal  velum.  An  example  of  the  formation  of  a  stalked  pileus  with  a  partial 
velum  is  afforded  by  the  common  mushroom  (Agariciu  campeitrii).  Fig,  226  shows  aX  A  a 
small  piece  of  the  greatly  extended  reticulately  anastomosing  mycelium  (m),  from  which 
spring  a  number  of  fructifications;  these  are  at  first  solid  pear-shapfed  bodies  composed 
of  young  hyphEE  all  similar  to  one  another.  At  an  early  stage  the  tissue  of  hyphi  gives 
way  beneath  the  apex,  leaving  an  annular  air-cavity  (//,  /),  the  upper  wall  of  which  forms 
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'  the  under-side  of  the  pileus ;  and  from  this  the  radial  hymenial  lamells  grow  downwards 
(111,  I),  filling  up  the  air-cavity.  The  fn^phi  run  from  the  base  of  the  whole  fructification 
to  the  margin  of  the  pileus,  forming  the  outer  wall  of  the  air-cavity;  the  tissue  lying  in 
the  centre  elongates  into  the  stalk  {IV,  it),  while  the  distance  from  it  of  the  margin  of 
the  pileus  constantly  increases ;  the  hyphx  which  lie  beneath  the  air-cavity  that  con- 
tains the  lamella  become  stretched  in  consequence,  and  separate  from  the  stem  from 
below  upwards,  forming  a  membrane  (r,  -v),  running  from  the  upper  part  of  the  stalk 
beneath  the  lameilx  to  the  margin  of  the  pileus,  into  which  their  hyphs  are  continued. 
When  at  length  the  pileus  extends  horizontally  from  the  elongation  of  the  tissues,  the 
membrane  (velum)  becomes  detached 
from  its  margin,  and  hangs  from  the 
stem  like  a  ruffle  {annuluij.  (Compare 
also  Fig,  79,  p.  y6.  Boletus  Aa-vidus.) 


has 
rs  th 

1      dy  b 
f           f  th 

p  g    h  p  d 
i   th         d 

t  b  1 
d       f  th 

p  I  u       A   t    n  se  f    n     t  tl 

1  tt  th    hjm       mg   es         II 

th  ases,  n      ly  the  same  figure,  as 

is  seen  in  Fig.  227,  drawn  from  Agaricut 
campestrii.  j^  shows  a  piece  of  the  disc 
of  the  pileus  cut  transversely,  h  the 
substance  of'the  pileus,  1  the  lamellse; 
in  B  a  piece  of  a  lamella  is  more  strongly 
magnified  to  show  the  course  of  the 
hyphx.  The  substance  of  the  lamella, 
called  the  Trama  (t),  consists  of  rows 
of  long  cells,  which  diverge  from  the 
centre  right  and  left  to  the  outside, 
where  the  cells  of  the  hyphee  are  short 
and  round,  and  form  the  sub-hymenial 
layer  (id  in  B  and  C).  From  these  short 
cells  spring  the  club-shaped  cells  (5), 
den  ly  o  ded  and  at  right  angles  to 
the  su  fa  e  of  tl  e  la  e!la  forming 
togethe  tie  hymenal  la  {B,  by). 
Many  of  tl  e  e  ema  n  sterile,  and  are 
called  Pa  apby  othe  s  p  oduce  the 
sp  esandaetheBa  da  Kach  basi- 
d  um  p  duee  n  th  s  sp  e  only  two, 
n  oti  e  Hyn  en  m)  ete  u  ually  four 
po  es  The  bas  d  u  first  of  all  puts 
out  as  m  n)  slende  bra  hes  (j')  as 
there  are  spo  es  to  be  formed  each  of  these  b  nche  ells  at  he  e  d  the  swelling 
increase     and  be  omes  a  spore  (  )    wh    h  falls  f    m  the    t  Ik   on      h  ch  it  was 

placed  lea   ng    t  b  h  nd  (     ) 

On  the  lormation  of  the  tissue  of  this  group  only  one  further  remart  need  be  made ; 
that  in  the  fructification  of  some  Agaricinic  (e.g.  Lactarius)  some  of  the  much-branched 
hyphsE  are  transformed  into  laticiferous  vessels,  from  which  large  quantities  of  latex  flow 
out  when  they  are  injured. 

(4)    The  Qasteromycetea '  agree  with  the  previous  group  in  the  mode  of  formation 


'  [De  Bary.  Morphol.  und  Physiol,  d,  Pilz 


— Brefeld,  Basidiomyeetes,  p.  175.] 
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of  their  spores  (eight  spores  are  often  produced  on  a  basidi 
are  always  angiocarpous.     The  hymenia  are  formed  in  the 
which  is  at  first  usually  spherical,  or  at  any  rate 
tion  of  parts.    The  spores  are  disseminated  by  : 
the  different  layers,  the  growth  of  particular  ir 

of  the  outer  layer  (the  peridium).  The  nature  of  these  processes,  which 
various  in  their  external  appearance,  may  be  understood  from  two  examples, 
example,  Cruclbulum  vulgare',  is  selected  from  the  beautiful  NiduIarleiB.  The  my- 
celium forms  a  small  white  crust  of  branched  hyphs,  which  extend  over  the  surface  of 
wood.  In  the  middle  of  the  crust  the  filaments  are  interwoveu  into  a  roundish  body,  the 
rudiment  of  the  fructification;  this  grows  by  the  intercalation  of  new  branches  of  the 
hyphi,  and  gradually  assumes  a  cylindrical  form.  The  outer  hyphs;  form  at  an  early 
stage  yellowish- brown  branches,  which  are  again  branched  and  directed  outwards,  form- 
ing a  dense  covering  of  hair.     While  the  spherical  fructification  is  becoming  changed 


339 

,) ;  but  their  fructifications 
the  interior  of  the  fructification, 
ot  present  externally  any  distinc- 
of  remarkable  differentiations  of 
>f  tissue,  or  the  simple  bursting 
extremely 
The  lirst 


into  a  cylinder,  a  large  number  of  brown  threads  shoot  out  from  it  (Fig.  228,  C,  1/), 
which  form  a  firmly-woven  layer,  the  outer  peridium,  and  on  the  outside  of  this  a  dense 
mass  of  radially  projecting  hairs.  The  walls  of  the  hyphs  of  this  part  assume  a  dark 
colour,  but  the  inner  tissue  remains  colourless  (Fig,  228,  jj);  its  apex  increases  in 
breadth,  the  hairs  separate  from  one  another,  and  the  outer  peridium  ceases  to  exist  at 
the  apex  (Fig.  229,  i^).  In  the  meantime  the  dilTerentiation  of  the  tissue  commences  in 
the  interior  of  the  Fungus,  which  is  at  first  formed  of  densely-woven  much-branched 
hyphai,  enclosing  amongst  them  a  considerable  quantity  of  air  which  gives  the  whole 
a  white  appearance.  Certain  portions  of  the  air-containing  tissue  become  mucilaginous 
and  freed  from  air;  between  the  threads  is  formed  in  some  places  a  hygroscopic 
transparent  jelly,  while  in  others  none  is  produced.  The  conversion  into  mucilage 
begins  first  below  the  surface  of  the  white  medulla  {Fig.  228,  A),  and  its  outer  layer  is 
thus  transformed  into  an  inner  peridium  which  is  a  colourless  sac  projecting  beyond  the 


'  Compare  Sachs  in  Bot.  Zeitg.  1855. 
Eidam,  in  Cohn's  Beitrage,  vol.  3,  1877.] 


[See  alio  Tulasnc,  Annales  des  Sci. 
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dark  outer  peridium,  and  composed  chiefly  of  branches  of  hypha;  runniHg  longitudinally 
upwards  (Figs,  229  and  350,  ip).  While  this  differentiation  is  proceeding  from  below 
upwards,  small  mucilaginous  areola  form  at  certain  points  in  a  deep  layer  of  the  white 
air-containing  medulla,  also  proceeding  from  below  upwards,  like  all  the  succeeding 
differentiations  (Fig,  238,  B,  and  Fig.  229).  The  formation  of  mucilage  advances  at 
the  same  time  from  the  inner  peridium  inwards,  and  leaves  round  each  of  the  muci- 
laginous areolEE  a  border  of  air-containing  tissue  (Fig.  229),  which  afterwards  developes, 
by  the  dense  interweaving  of  its  branched  hyphx,  into  a  firm  envelope  consisting  of  two 
layers,  in  which  the  mucilaginous  areola  lies.  Each  of  these  areolse  becomes  a  hyme- 
nial  chamber.     While  the  centre  of  the  Fungus  is  becoming  changed   into   mucilage, 


the  chambers  grow  into  lenticular  bodies ;  I  g      us 

early  stage  on  the  lower  and  outer  part     f  ea  h    h  mb 
From  it  a  denser  bundle  of  threads  runs  d  d    t     th 

bundle  (Fig.  229,  n,   and   Fig.  230,  aj);   this         tself 
which   surrounds   the   bundle    like   a  loose     h     th     Th 
mucilaginous;    the   bundle   runs   upwards   it      th      m      1  | 
umbilicus,  where  it  is  resolved  into  its  thread      h   h 
The  mucilaginous  tissue  in   the  interior  of        h      h      b 
ticular  space  similar  In  form  to  the  chambe     tselt        d  f 
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hyphK    f  th      h     b      b       h      n  w  a  ise  which  are  directed  inwards  and  form  the 
hy     n    m      E    h    h  mb  th      f    e  clothed  on  its  inner  surface  by  a  hymenial 

1  )       f  1      f  P  raphy  es        lb      la;    each  of  the  basidia  produces  four   spores 

on    h  rt    t  Ik        As  th    t     ^      m  t  res,  the  upper  part  of  the  peridium  becomes 
tthdndfltt  gtl     Bpfh    gm;  it  afterwards  ruptures  and  disappears,  itnd 

th    P      gu    th         pe  t         c  p.     The  mucilage  which  surrounds  the  chambers  dries 

up,  and  the  chambers  now  lie  free  in  the  cup  formed  by  the  peridium,  held  by  their 
umbilical  bundles,  which,  when  moistened,  may  be  drawn  out  into  long  threads.    If  w 
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e  closely  packed  and  with  less  dense  walls. 
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nothing  r 


'  drop  off  the  gleba 
t    th   k  t  IS  mucilage;  till  at  last 

( )  w  th  ts  honeycombed  walls,  which 
depends  like  a  frill  from  the  apex  of  the  stalk,  and  is  called  the  pileus.  The  peculiari- 
ties in  the  details  of  these  processes  exhibit  the  greatest  variety  in  different  species  of  the 
Phalloidese. 

'  [De  Bary,  Beitt.  zur  Morphol.  u.  Pliysiol.  der  Pilze,  I.  1864.] 
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The  Liverworts  (Hepaticse)  and  Mosses  (Musci),  which  are  comprised  under 
the  term  Muscine;e,  are  distinguished  by  a  sharply- defined  Alternation  of  Generations. 
From  the  germinating  spore  is  developed  either  immediately  a  sexual  generation 
rich  in  chlorophyll  and  self-supporting  (as  in  most  Hepatic^),  or  a  confervoid 
thallus  is  first  formed  {Prolonema),  out  of  which  the  sexual  generation  grows  as 
a  lateral  shoot  (as  in  some  Hepatic^  and  all  Mosses).  In  the  female  sexual  organ 
of  this  first  generation  there  arises,  as  a  new  generation — the  result  of  fertilisation— 
a  structure  of  an  entirely  different  form,  which  is  destined  exclusively  for  the 
asexual  production  of  spores.  Without  being  organically  united  to  the  previous 
generation,  this  structure  is  nevertheless  nourished  by  it,  and  appears,  when  ob- 
served externally,  simply  as  its  fruit,  like  the  smaller  fructifications  of  the  Thallo- 
phytes.  Since  however  it  is  an  organism  of  an  altogether  peculiar  kind,  it  may 
be  desirable  to  give  it  a  special  name,  which  shall  at  once  exclude  any  false  analogy'; 
I  propose  therefore  to  call  it  the  Sporogonium. 

The  Sexual  Generation  (Oophore)  of  Muscinese  which  is  produced  directly  from 
the  spore  or  with  the  intervention  of  a  protonema,  is  either  a  flat  leafless  thallus, 
as  in  many  Hepaticse,  or  a  slender  leafy  stem,  often  much  branched.  In  both  cases, 
which  are  united  by  gradual  transitional  forms  ^,  a  number  of  root-hairs  are  usually 
formed,  which  fix  the  thallus  or  the  stem  to  the  substratum.  In  some  cases  this 
vegetative  body  scarcely  attains  a  length  of  r  mm.,  but  in  others  as  much  as 
from  lo  to  30  cm.  or  even  more,  and  ramifies  copiously.  In  some  of  the  smallest 
forms  its  term  of  life  is  hmited  to  only  a  few  weeks  or  months;  in  most  it  may 
be  said  to  be  unlimited,  since  the  thallus  or  the  leaf-bearing  stem  continually  grows 
at  its  apex  or  by  a  process  of  renewal  (Innovation),  while  the  oldest  parts  die  off 
behind.  In  this  manner  the  branches  become  finally  independent  plants ;  and  this, 
as  well  as  the  multiplication  by  gemmfe,  stolons,  detached  buds,  the  transformation 
of  hairs  into  protonema  (in  Mosses),  &c.,  serves  not  only  to  increase  enormously 
the  number  of  individuals  formed  by  the  asexual  method,  but  is  also  the  immediate 
cause  of  the  social  or  cespifose  mode  of  growth  of  these  plants.  Many  Mosses 
in  particular,  even  those  which  only  rarely  fructify,  may  in  this  manner  form  dense 
masses  extending  over  considerable  areas  (as  Sphagnum,  Hypnum,  Mm'um,  Sec). 

'  It  is  incorrect,  for  instance,  to  regard  the  'fruit'  of  a  Moss  as  the  morphological  equivalent  of 
the  sporangium  of  a  Rhizocarp  or  of  the  fruit  of  a  Phanerogam. 

'  From  the  great  similarity  of  the  true  leafless  thallus  of  sotne  HepaticE  to  the  thallold  stems 
of  others  furnished  with  leaves  on  the  under  side,  it  will  be  convenient  to  use  the  term  '  thalloid 
forms'  for  both ;  the  term  including  both  a  true  thallus  (e.  g.  Anthoceros)  and  also  a  fhalloid  stem 
(as  in  Marckaitaa}. 
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The  sexual  organs  are  Attlheridia  and  Arckegonia.  The  mature  antheridium  is 
a  body  with  a  longer  or  shorter  stalk,  of  a  spherical,  ellipsoidal,  or  club-shaped  form, 
the  outer  layer  of  its  cells  forming  a  sac-like  wall,  while  each  of  the  small  and  very 
numerous  crowded  cells  enclosed  within  it  developes  an  antherozoid.  The  anther- 
ozoids  are  freed  by  the  rupture  of  the  wall  of  the  antheridium  at  the  apex ;  they 
are  spirally  coiled  threads  thickt-r  at  the  posterior  and  tapering  to  a  fine  point  at 
the  anterior  end,  at  which  are  placed  two  long  fine  cilia,  the  vibrations  of  which 
cause  their  motion.  The  female  organs,  which  since  the  time  of  Bischoff  have  been 
called  archegonia,  are,  when  in  a  condition  capable  of  being  fertilised,  flask-shaped 
,  bodies  bulging  from  a  narrow  base  and  prolonged  into  a  long  neck.  The  wall 
of  the  ventral  portion  encloses  the  central  cell,  the  inferior  and  larger  part  of  which 
fonns  the  oosphere.  Above  this  begins  a  row  of  cells  which  passes  through  the 
neck  in  an  axial  direction,  and  is  continued  aj  far  as  the  cells  which  form  the 
so-called  'Stigma.'  The  cells  of  this  axial  row  become  broken  up  before  fertili- 
sation, and  transformed  into  mucilage  which  finally  swells  up  and  forces  apart  the 
four  stigmatic  cells.  In  this  manner  an  open  canal  is  formed,  which  leads  down 
as  far  as  the  oosphere,  and  enables  the  antherozoids  to  enter  it- 

The  great  diversity  in  the  origin  of  the  sexual  organs  of  Muscincte  is  of 
great  importance.  In  the  thalloid  Hepaticse  these  organs  arise  behind  the 
growing  apex  from  the  superficial  cells  of  the  thallus  or  of  the  prostrate  thalloid 
stem,  or  on  specially  metamorphosed  branches  (as  in  the  MarchanticEe) ;  in  the 
foliose  JungermannieEe  and  in  the  Mosses  not  only  the  antheridia  but  also  the 
archegonia  may  be  formed  from  the  apical  cell  of  the  shoot  or  from  segments 
of  it;  in  this  case  they  may  take  the  place  of  leaves,  or  of  lateral  shoots,  or 
even  of  hairs.  Thus  the  antheridia  appear  as  metamorphosed  trichoraes  in  the 
axils  of  the  leaves  of  Radula,  as  metamorphosed  shoots  in  Sphagnum,  as  apical 
Structures  and  also  as  metamorphosed  leaves  in  Fonlinalis.  In  the  same  manner 
the  first  archegonium  of  the  fertile  shoots  of  Andrema  and  Radula  arises  from  the 
apical  cell,  the  later  ones  from  its  last  segments ;  and  this  is  probably  the  case  in 
Sphagnum. 

The  antheridia  and  archegonia  are  usually  produced  in  great  numbers  in  close 
proximity;  in  the  thalloid  forms  of  the  Hepaticse  they  are  generally  enveloped 
by  later  outgrowths  of  the  thallus ;  in  the  foliose  Jungermanniese  and  in  Mosses 
several  archegonia  are  commonly  surrounded  by  an  investment  formed  of  leaves 
which  if.  termed  the  Perichalium  ;  in  Mosses  the  antheridia  {with  sometimes  some 
archegonia)  are  usually  borne  in  this  manner  also,  while  the  antheridia  of  the 
Jungermanniere  and  of  Sphagnum  stand  alone.  Very  commonly,  especially  in  the 
foliose  kinds,  Paraphyses,  i.e.  articulated  threads  or  narrow  leaf-like  plates  of  cells, 
are  developed  by  the  side  of  the  sexual  organs.  Besides  the  perichffitium,  there 
is  also  often  in  Hepatic^  (but  not  in  Mosses)  a  so-called  Perigynium,  which  grows 
as  an  annular  wall  at  the  base  of  the  archegonia,  and  finally  surrounds  them  as  an 
open  sac. 

The  Asexual  Generation  (Sporophore),  the  Sporogonjum,  arises  in  the  archego- 
nium from  the  fertilised  oosphere  (oospore).  It  first  developes  by  repeated  cell- 
divisions  -into  an  ovoid  embryo,  growing  at  the  end  turned  towards  the  neck  of 
the  archegonium,  that  is,  the  apex.     Its  final  form  is  very  different  in  different 
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n  its  lowest  type  (in  Riccia)  it  is  a  globe,  the  ouler  cell-layer  forming 
the  wall,  while  all  the  inner  cells  become  spores.  In  all  other  cases  the  sporo- 
goniiim  becomes  differentiated  esternally  into  a  stalk,  which  may  be  short  or 
long  and  slender,  termed  the  Seta,  and  which  penetrates  into  the  bottom  of  the 
archegonium  and  even  into  the  underlying  tissue,  its  base  often  becoming  dilated, 
forming  the  Fool,  and  a  Capsule  {Urn  or  Theca)  turned  towards  the  neck  of  the 
archegonium,  in  which  the  spores  arise.  Together  with  the  spores,  long  cells 
thickened  by  spiral  bands,  the  Elalers,  are  also  produced  in  most  Hepaticte.  The 
internal  differentiation  of  the  spore-capsule  is,  in  addition  to  this,  very  varied,  and 
attains  a  very  high  degree  of  complexity,  especially  in  the  Mosses. 

While  the  sporogonium  is  developing,  the  ventral  portion  of  the  archegonium 
also  continues  to  grow ;  its  cells  rapidly  increase  in  number,  and  it  thus  becomes 
broader,  enclosing  the  young  sparogonium,  and,  in  this  condition,  is  termed  the 
Calyplra.  Its  behaviour  supplies  distinctive  characters  for  the  larger  groups.  In 
the  lowest  Hepaticje  (Jiiccia)  the  sporogonium  remains  always  enclosed  in  the 
calyptra;  in  the  higher  Hepaticse  it  protrudes  only  after  the  ripening  of  the  spores, 
its  seta  elongating  suddenly,  and  the  capsule  protruding  from  the  ruptured  calyptra 
for  the  purpose  of  disseminating  the  spores,  the  calyptra  surrounding  the  base  of 
the  seta  as  a  cup-like  membranous  structure.  In  the  typical  Mosses,  on  the 
other  hand,  the  young  sporogonium  first  assumes  the  form  of  a  greatly  elongated 
fusiform  bod]',  which,  even  before  the  development  of  the  capsule,  exerts  a  strong 
upward  pressure  upon  the  calyptra,  which  becomes  ruptured  at  its  base,  and 
is  raised  up  by  the  young  sporogonium  in  various  forms;  the  seta  penetrates 
deep  down  into  the  tissue  of  the  stem,  by  which  it  is  surrounded  as  a  sheath 
( Vaginula). 

The  spores  of  the  Muscineje  arise  in  fours ;  the  mother-cells — which  had 
previously  been  united  into  a  tissue  with  the  surrounding  cell-layers,  but  had 
become  isolated  even  before  the  formation  of  the  spores — show  a  rudimentary 
division  into  two  previous  to  complete  division  into  four.  The  number  of  the 
mother-cells  and  the  place  where  they  are  produced  in  the  sporogonium  depends 
essentially  on  the  internal  differentiation  of  the  latter.  The  ripe  spores  show  a 
thin  cuticle  {the  exospore)  provided  with  small  excrescences,  which  is  ruptured  on 
germination  by  the  inner  layer  of  the  cell-wall  {the  endospore).  Their  contents  con- 
sist, in  addition  to  colourless  protoplasm,  of  chlorophyll-granules,  starch,  and  oil. 

The  Differenlialion  of  the  Tissues  of  Muscinese  is  very  various,  and  more  con- 
siderable than  in  the  Algje,  but  less  so  than  in  the  Vascular  Cryptogams.  Fibro- 
vascular  bundles  are  not  found ;  only  in  the  stem  and  leaf-veins  of  the  more  perfect 
Mosses  is  an  axial  bundle  of  elongated  cells  differentiated,  which  may  be  con- 
sidered as  a  slight  indication  of  a  fibro-vascular  system.  The  Marcbantiese,  on 
the  other  hand,  show  on  the  upper  side  of  their  thalloid  stems,  and  the  Mosses  on 
■their  thecEe,  a  distinctly  differentiated  epidermis,  which  usually  also  forms  stomata. 
The  cell-walls  of  the  Muscinese  are  generally  firm,  often  thick,  tough,  and  elastic, 
and  in  this  case  frequently  of  a  brown,  bright  red,  or  violet  colour.  The  tendency 
towards  the  formation  of  jelly  and  mucilage,  so  general  in  the  Thallophytes,  is  not 
found  in  the  Muscinese,  with  the  exception  of  certain  processes  in  the  mother-cells 
of  the  spores.     Various  forms  of  thickening  are  not  uncommon,  especially  in  the 
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The  asexual  generation,  or  sporogonium  a 
actively  growing  ventral  part  of  the  arehegonium,  which  becomes  developed 
calyptra.  The  sporogonium  is  nourished  by  the  sexual  plant ;  it  has  therefore  no 
independent  existence,  and  appears  externally  as  an  appendage  to  it.  It  is  osualiy  a 
stalked  capsule,  in  which  usually  a  number  of  cells  are  developed  into  the  mother- 
cells  of  the  spores;  and  from  these  the  spores  are  formed  by  division  into  four  after 
bipartition  has  commenced  but  has  not  been  completed. 

(i)  Hepatica.  The  sexual  generation  arises  either  directly  from  the  spore  or  with 
the  intervention  of  a  small  inconsiderable  protonema.  It  is  developed  as  a  flat  dicho- 
tomously  branched  thallus  or  a  thalloid  stem,  or  finally  as  a  filiform  stalk  furnished  with 
two  or  three  rows  of  leaves.  This  vegetative  body  is  usually  broadly  expanded  and 
clings  closely  to  the  ground  or  to  some  other  substratum;  even  when  the  stems  grow 
erect  there  is  still  an  evident  tendency  towards  the  distinction  of  an  upper  (dorsal)  and 
an  under  (ventral)  surface.  The  mode  of  growth  is  hence  always  distinctly  bilateral. 
The  asexual  generation  or  sporogonium  remains  surrounded  by  the  calyptra  until  the 
spores  are  ripe;  the  calyptra  is  usually  at  length  ruptured  at  the  apes,  and  remains  at 
the  base  of  the  sporogonium  as  an  open  sheath,  while  the  free  spore-capsule  projects 
above  its  apex,  to  allow  the  escape  of  the  spores.  The  mother-cells  of  the  spores  arise 
either  from  the  whole  of  the  cells  except  those  of  the  single  layer  which  forms  the  wall 
of  th       ps  1  th    '  t  m   d'  t    c  lis  ccmmonly  become  developed  into  elaters-  a 
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produces  the  spores  from  an  iifner  layer  of  tissue,  while  a  large  central  mass  of  tissue 
remains  sterile  and  forms  the  columella.  The  wall  of  the  capsule  is  covered  by  a 
distinctly  differentiated  epidermis,  the  upper  part  of  which  usually  becomes  detached' 
from  the  lower  part  (the  Urn)  in  the  form  of  a  lid,  in  order  to  allow  of  the  escape  of 
the  spores. 


sider  bl 

t 

dp    d     tl> 

budd    g 

Th 

g  t  t       b  dj 

with  1 

t 

thre          f 

struct 

d 

g          lly  b       1 

vGoogle 


346  MUSCINE^. 


HEPATIC^^ 

(i)  The  Sexual  G  tieralwn  (Oofhore)  is  developed  in  some  genera  directly 
from  the  germimting  spore  its  first  divis  ons  result  ng  in  the  formation  of  a  cellular 
lamiiii  or  i  mass  of  tissue  which  fixes  itself  by  root  hairs  and  produces  the  thallus 
bv  growth  at  its  apes  as  in  iitlhoc  ros  and  Pfllia  In  other  cises  the  body  which 
results  from  the  divisions  of  the  spore  first  fDrms  a  narrow  ribbon  like  lamina  of 
cells  the  apical  cell  of  which  becomes  subsequently  the  apical  cell  of  a  stem  and 
Its  segments  form  lea\es  as  \n  Jun^trmtnma  bicmpidata  (according  to  Hofmeister) 
Or  again  the  bul  of  a  leafy  stem  pnngs  immediatelj  from  the  spore  {Frullama 
dilatiti)  In  other  cases  on  tl  e  other  hind  a  protouema  is  forme  i  the  endos pore 
which  grows  out  into  the  form  of  a  tube  produces  i  short  articulated  filament  on 
which  the  rudiments  of  the  thallus  are  formed  as  lateral  shoots  in  a  manner  similar 
to  the  leaf  buds  of  Mosses  on  the  protjnema  (  g  An  ura  pain  ata  Marckmti) 
In  Raiuh  the  spore  produces  first  of  all  a  fiat  plate  of  cells  from  which  the  first 
bud  of  the  leif)  stem  spnngs  hterillj  (Hofmeister)  a  process  which  finds  its  ana- 
logue among  Mosses 

The  vegetative  bod)  of  Hepatice  is  alwajs  formed  m  a  distinctly  bilateral 
minier  its  free  side  turned  towards  the  light  is  differentl)  organised  from  that 
which  flees  and  often  cl  ngs  cloael)  to  the  sut  tratum  and  is  not  exposed  to  light 

In  the  greater  number  i.  f  fam  liei  and  genera  the  legetative  bodj  is  1  broad 
flit  or  curled  plate  of  tissue  vamng  in  length  from  a  few  millimetres  to  several 
centimetres  and  is  either  a  true  thallus  without  any  formation  of  leiies  as  m 
Anlhoeeros  Metzger  a  and  Aneuti  or  lamelliform  outgrowths  arise  on  the  under 
or  bhady  side  which  at  the  same  t  me  produces  root  hairs  and  these  outgrowths 
may  be  looked  on  as  leaves.  For  the  sake  of  having  a  common  expression  for  these 
forms  extremely  similar  in  habit,  they  may  be  comprised  under  the  term  Thalloid^, 

'  Mirbd,  Ueber  Mardianlia,  in  the  Mem.  tie  I'Acad.  des  Sci.  de  I'lnst.  de  France,  vol.  XIII, 
1835.-G.  W.  Bischoff.in  Nova  Acta  Acad.  Leopold.  Carol.  183s,  vol.  XVII.  pt.  2.— C.  M.  Gottsche, 
ibid.,  vol.  XX.  pt.  1.— Gotlsche,  Lbdenbcrg  u.  Eaenbeclt,  Sjivop^s  Hepaticarum,  Niirtibcrg,  1844. — 
Hofmeister,  Vergleich  Untersuchungen,  1851. — [On  the  Germination,  Development,  and  Fructifica- 
tion of  the  Higher  Cryptogamia;  Ray  Society,  1862  ] — Kny  EDtwicltelungderlaubigenLebermoose  ■ 
Jahrb.  fiir  wiss.  Bot.  vol.  IV.  p.  66,  and  Entwickel    g  d      R  b  d        1  V  p  359  — Th  ret 

Annal,desSd.Nat.i8si,vol.XVI(Antheridia).— St  asb  g  Ges  M  ht  gan  Eef  ht  gb 
Marchantia ;  Jahrb.  fiir  wiss.  Bot.  vol.  VII.  p.  409  [  Iso  Bcfnichtu  g  d  Z  Ilth  1  g  878] 
— Leitgeb,  Wachsthumsgeschichte  der  Radula  complan  St       g  b       d       W  Acad       8 

vol.  LXIII.— Ibid.,  Bot.  Zeitg.  i87i,no.  34,  and  18  3  — A  p    t         f    h  t      sa  d    b     ttl 

apical  growtli  of  Jungermannieie  is  derived  from       mm  t  bj   1  tt       f    m  L    tg  b  — Jan 

zewaki,  Bot.  Zeitg.   1872,— [Leitgeb,  Unters.  iteb.  L  I  rm     se      S;4  ^b      G     bel  Z  gL  A     L 

der  IHarchantiecn,  Arb.  d.  bot.  Inst,  in  Wiirzburg,  II   ^      8      ] 

'  [The   term  'thalloid'  is  here,   as    on   p.  34       p    f       d    t       h  1      se 

'  frondose.'l 
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in  contrast  to  the  Foliose  Hepaticse  belonging  to  the  family  of  Jungermannie^e,  the 
vegetative  body  of  which  consists  of  a  small  slender  filiform  stem,  bearing  distinctly 
differentiated  leaves  {Jungermannia,  Radula,  MasHgohryum,  Frullania,Lophocoka,  &c.). 
Between  the  thalloid  and  foliose  forms  of  this  family  are  some  which  present  various 
stages  of  transition  (as  Fossombronia  and  Blastd). 

The  leaves  of  all  Heparicse  are  simple  plates  of  cells,  in  which  even  the 
mid-rib  usual  in  the  leaves  of  Mosses  is  always  wanting. 

In  most  of  the  thalloid  forms  the  growing  apical  region  of  each  shoot 
(Fig.  332,  s)  lies  in  an  anterior  depression,  produced  by  the  more  rapid  growth  in 
length  and  breadth  of  the  cells  which  are  derived  right  and  left  from  the  seg- 
ments of  the  apical  cell.  In  the  Anthocerotese,  Ricciese,  and  Marchanticse,  there 
is  a  group  of  apical  cells,  and  the  terminal  branching  is  truly  dichotomous.  In 
the  thalloid  Jungermannie^,  there  is  a  single  apical  cell;  the  terminal  branches 
originate  from  the  youngest  segments  of  this  cell,  and,  from  their  position  in  the 


depression  and  their  active  growth,  push  aside  the  apex  of  the  primary  shoot, 
and  form  with  it  a  fork  (false  dichotomy).  In  the  angle  between  the  two  bifur- 
cations the  permanent  tissue  increases  more  rapidly,  and  forms,  so  long  as  the  two 
forks  are  still  very  short,  a  projection  {Fig  23  2,  f,  /")  which  overtops  and  separates 
the  apical  regions,  but  which  when  the  forks  are  longer,  is  in  turn  overtaken  by  them, 
and  now  appears  as  an  indented  angle  of  the  older  fork  (/).  The  filiform  stem 
of  the  foliose  Jungermannie-e  on  the  other  hand,  ends  in  a  bud  as  a  more  or  less 
prominent  vegetative  cone  with  a  strongly  arched  apical  cell.  In  this  case  also  the 
lateral  branches  spring  from  mdividual  mother-cells,  which,  however,  do  not  origi- 
nate from  the  youngest  segments  of  the  apical  cell,  but  lie,  even  at  their  first 
formation,  some  distance  below  the  apex ;  the  branching  is  therefore,  at  its 
commencement,  distinctly  monopodJal. 

We  shall  speak,  under  the  separate  sections,  of  the  form  of  the  apical  cell, 
which  forms  two,  three,  or  four  rows  of  segments;  as  well  as  of  the  origin  of  the 
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leaves  and  lateral  shocts  since  Leitgeb  s  researches  show  thit  t,reU  morj-h  loj,ic»I 
differences  occur  n  the  different  genera  For  the  same  rea-son  >er}  little  of  a 
general  character  can  be  sad  in  aldition  to  what  has  been  mcntionel  aLo\e  on 
the  habt  and  anatoni  cal  nature  of  tie  \egetatne  bodj  which  must  therefore  be 
considered  under  the  separate  families 

The  Uevual  Propigation  of  Hepat  cse  is  often  brought  about  by  the  djing  off 
of  the  thallus  or  stem  from  behind  the  branches  thus  losing  their  connexion  and 
becoming  independent  Adventitious  branches  arising  in  the  thalloid  forms  from 
cells  of  the  older  marE[inal  parts  become  detached  n  a  s  milar  manner  The 
propa^ition  hy  gemmt.  is  verj  common  and  characteristic  not  unfrequentlj  a 
number  of  cells  of  the  margin  of  the  leaf  of  foliose  Jungermannieie  (c  g  in  Ifido- 
theca^  simply  detach  themselves  as  gemmas  m  Blasta  on  the  other  hand  as  well  as 
in  Mar  hanUa  and  Lunulam  pecnl  ar  cuj  uks  are  formed  on  the  upper  side  of  the 
fiat  shoots  exposed  to  the  light  vil  iLh  are  flisk  shaped  n  Bias  j  broadi)  cup  shaped 


in  Marchantia,  ere  scent- shaped  and  deficient  on  one  side  in  Lunularia.  From  the 
bottom  of  these  cupules  shoot  out  hair-like  papillae,  the  apical  cells  of  which  be- 
come transformed  into  a  mass  of  considerable  size  constituting  the  gemma.  (See 
Figs.  233,  234.)  From  the  two  depressions  which  lie  right  and  left  on  the  margin 
of  the  lenticular  genima  (Fig.  234,  VT)  spring  the  first  flat  shoots  (Fig.  233,  B,  C), 
when  the  gemmie  have  fallen  out  of  the  cupule  and  lie  exposed  to  light  on  damp 
ground. 

The  Sexual  Organs  are  developed,  in  the  thalloid  forms,  on  the  upper  side 
exposed  to  light ;  in  Anikoceros  m  the  tissue  of  the  thallus  itself  (endogenous) ;  in 
the  other  thalloid  forms  from  cells  which  project  like  papillae  and  are  of  definite 
origin  in  reference  to  the  segments  of  the  apical  cell.  In  the  Marchantieas  branches 
of  a  very  peculiar  shape,  which  have  a  tendency  to  shoot  upright  from  the  flat 
stem,  are  fonned,  producing  the  antheridia  on  the  upper,  the  archegonia  on  the 
under  side ;  the  male  and  female  receptacles  may  be  distributed  either  monoeciously 
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or  diceciously.  There  is  a  general  tendency  in  the  thalloid  HepaticK  for  the 
sexual  organs  to  be  depressed  into  hollows  by  overarchings  of  the  surrounding  tissue, 
often  opening  externally  by  only  a  narrow  mouth.  An  example  of  this  is  given  in 
Fig.  235. 

In  the  foliose  Jungermannie!e  the  origin  of  the  antheridia  and  archegonia  is 
very  various,  and  they  are  also  enveloped  in  different  ways.  Further  reference  will 
be  made  to  this  in  describing  the  different  families. 

The  antheridium  consists,  in  the  mature  state,  of  a  pedicel  surmounted  by 
a  globular  or  ellipsoid  body;  in  those  which  are  imbedded  in  the  tissue  the  former 
is  usually  short,  in  the  free  forms  it  is  long,  and  com- 
posed of  from  one  to  four  rows  of  cells.  The  body 
of  the  antheridium  consists  of  a  wall  formed  of  a  single 
la}er  of  cells  containing  chlorophyll  the  whole  of  the 
space  enclosed  by  it  s  densely  filled  b;  the  mother 
cells  of  the  antherozoids  their  escape  la  occasioned 
b>  the  access  of  water  and  sepiration  of  the  cells  of 
the  w\ll  It  the  apex  sometimes  as  in  Fossombnma 
these  cells  even  fall  awiy  from  one  another  The 
small  mother-cells  of  the  antherozo  ds  «h  ch  escape 
m  great  numbers  separate  in  the  water  the  anthero 
zoids  become  free  and  have  the  appearance  of  slender 
threads  curved  spirally  from  one  to  three  tunes  and  f  i3^-Ai.K™rraarE"t>ftherouT.i; 
provided  at  the  antenor  end  with  two  long  verj  fine  >L™  \e  ^ w b"ZJI^"' ''a,''^''Tait 
clia  bj  means  of  which  they  move  in  the  water  with  °mli"^^it^^^^',b^a^i^'°l, 
a  rotating  motion  Usuallj  they  drag  after  them  at  x'^^™  ""'"''"*"  i" "  "*"'''™" 
the  posterior  end  a  small  deliLite  vesicle  the  rngm  of 

which  Strasburger  traces  to  the  central  vacuole  m  the  protoplasm  of  the  mother  cell, 
in  the  penpher}  of  which  the  antherozoid  h-is  been  formed 

The  succe'ision  of  cell  divisions  in  the  formation  of  the  an^hendia  has  been 
shown  bj  the  reseirches  of  recent  obseners  to  present  great  divers,ities  in  the 
different  genera  thej  agree  however  in  the  antheridium  alwajs  making  its  first 
appearance  is  -i  pipiUiform  swelling  of  -1  cell  from  which  it  is  separated  bj  a 
septum  This  papilla  thus  detached  again  div  des  into  a  lower  and  an  upper  cell, 
the  former  of  which  produces  the  pedicel  the  latter  the  body  of  the  antheridium 
(panetil  layer  and  mother  cells  cf  the  antherozoids) 

The  succession  of  cell  divisions  in  the  formation  of  the  archegonia  from  the 
observations  of  Jinczewski^  Leitgeb  Knj  and  Strasburger  appears  to  be  essent  ally 
the  sime  m  the  different  families  even  mutatis  mutandis  among  the  AnthocerotCEe 
It  IS  certain  that  the  arcnegon  um  like  the  antheri  hum  makes  its  first  appearance 
as  a  simple  papilla  which  in  the  case  of  the  first  arche^omum  of  1  recejt'icle 
of  Radula,  is  itself  the  apical  cell  of  the  shoot  This  paf  lUa  is  shut  off  bv  a  septum 
and,  in  Riccia,  is  at  once  the  mother  cell  of  the  whole  archegonium  in  the  other 
HepaticEe  it  is  divided  by  a  second  septum  into  two  cells,  the  lower  one  of  which 

omparative  researches  into  tlie  development  of  the  arche- 
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division  of  each  of  the  six  investing  cells,  like  the  internal  cell,  by  a  transverse 
septum.  The  lower  tier  forms  the  ventral  portion,  the  upper  the  neck  of  the 
archegonium.  The  internal  eel!  of  the  ventral  portion,  the  central  cell,  increases 
considerably  in  size  and  is  divided  by  a  transverse  septum  into  a  large  inferior  cell, 
the  oosphere,  and  a  small  upper  cell,  the  ventral  canal-cell.  Meanwhile  the  upper  tier 
of  cells,  the  neck  of  the  archegonium,  elongates;  its  axial  cell  dividing  into  four, 
eight,  or  sixteen  long  narrow  cells,  the  canal-cells  of  the  neck.     Further  transverse- 
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and  longitudinal  wilh  ire  formed  in  ihe  external  cells  of  the  ventral  portion  and 
a  wall  consisting  of  one  or  two  hjers  of  cells  s  produced  similarlj  the  wall  of  the 
neck,  which  consists  of  five  or  six  longitudinal  rows  of  cells  is  formed  by  ihe 
transverse  division  of  the  peripl  eral  cells  of  tl  e  upper  tier  The  primar\  stigmatic 
cell  divides  into  the  five  or  six  stigtnatic  cells  of  ihe  neck  The  cell  ongu  lUj 
constituting  the  pedicel  has  also  undergcne  botl  longitudinal  and  (ransver  e  divi 
sions.  Whilst  the  oosphere  is  being  formed  the  walls  of  the  canal  cells  of  the  neck 
and  the  Iransver&e  beptum  beneath  the  ventnl  cinil  cell  become  converted  into 
mucilage,  the  swelling  up  of  wh  ch  forces  the  protoplasm  of  the  canal  cells  out 
through  the  opene  1  apex  of  the  neck      (See  Figs  236  and  256  ) 

(2)  The  Asexutl  Generation  the  Sj  orogonium  arises  and  is  entireh  formed 
within  the  growing  ventral  prrtion  of  the  archegon  um  which  from  this  time  is 
termed  the  Cahpln  The  sporogonium  does  not  -iny  ihere  unite  in  its  £,rowth 
with  the  surrouidng  tissue  of  the  vegetat\e  structure  of  the  sexual  generation 
even  when  its  seta  penetrites  into  it 

The  external  form  and  internal  structure  of  the  sporogonium  are  \ery  different 
in  the  different  groups      In  the  Anthocerotefe  it  is  when  mature  an  elongated  two 

d  pod  p    J         g  frtm    the  thallus      In    the   Ricceie  it  is  1  ih  n  walled  ball 

ly  fill  d        h    p    es  and  tigether  with  the  ciljptra  depressed  in  the  thillus 

I      1      M      1    n     ee        s  a  shortlj  stalked  ball  eni,lo  mg  elaters  as  well  as  spores 

a   I     f  h      b    k  n  through  the  caljptra   bursting  irre^ularlv  or  opening  by  a 

1      fi  d  d      ching  in  operculum      In  the  Jungerminmea;    t  also  ri|.ens 

th       h        Ijp        b  t  breaks   though  it  and   appears  as  a  ball   borne   upon  a 
1     g    1    d  Ik      h    wall  consists   as  in  the  Marchantie'e  and  Rii-ciese    wlen 

p  g]     I  J      of  cell     but  separate     cross  wise  into  four  lobes    to  whch 

11  m  hel      The  elaters  are   as  in  the  Marchanlie*  long  fusiform 

II      h    d  1  1      less  outer  lajer  of  which  is  thickened  withm  by  from  one 

oh      b     vn   p       b  nds 

Th  p  g  n  m  also  originates  m  different  wiys  [The  fertil  sed  oosphere 
Iw  y  fi  d  d  d  to  two  ce!!s  by  a  wall  {hisal  ua/l)  which  m  the  lower  forms 
n  I  n  d         n  ngle  to  the  long  axis  of  the  irchegooium  but  in  t!  e  Junger 

mannie*  is  at  right  angles  to  it  In  Rtcci  i  the  capsule  is  developed  from  the  whole  of 
the  oospore  :  in  the  Marchantieie  and  ^nthocerotce  the  short  seta  of  the  sporogonium 
is  developed  from  the  lower  or  postenor  {hypiiisal  cell)  of  these  two  cells  the 
capsule  being  developed  only  from  the  upper  or  anter  or  {epibasal)  cell  in  the 
Jungermanniese  the  capsule  and  the  seta  are  developed  from  the  upj  er  (epibasjl) 
cell,  the  product  of  the  development  of  the  lower  {kxfobisjf)  cell  be  ng  a  small 
filamentous  appendage  upon  the  dilated  base  (foot)  of  the  seti  This  first  div  ston  is 
followed  by  two  others  at  nght  angles  to  it  inA  to  each  otl  er  so  that  the  embrjo 
now  consists  of  eight  ceils  (pcfanl)  The  subsequent  divisions  take  place  noie 
or  less  irregularlj  but  t  appeirs  that  n  tl  e  Jungerm  tnnie'e  the  tour  epibasal 
octants  behave  like  ipical  cells  segments  being  continually  cut  off  1  orizontall* 
but  doubtless  intercalarj  diiitiions  also  occur    ]     When  the  joung  sporogonium  has 


'  [On  the  embrjoli^y  of  the  Hepatic*,  see  Hofmdster,  Inc.  cit.;  Kienitz-Gerloff,  Bot.  Zeitg, 
-5  i  Leitgeb,  Entw.  d,  Kapsel  von  Anlhoettiis,  Sitiber.  d.  Wien.  Akad,  1876,  and  loc.  cH."] 
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in  this  manner  attained  its  destined  height,  and  partially  even  at  an  earlier  period, 
a  number  of  divisions  of  different  kinds  take  place  by  which  the  structure  is  com- 
pleted. The  wall  of  the  sporogonium  becomes  differentiated  from  the  tissue  from 
whicii  the  mother-cells  of  the  spores  are  to  arise ;  if  elaters  are  formed  they  originate 
from  the  same  tissue,  the  cells  ceasing  to  divide  transversely  at  an  earlier  period 
and  remaining  long,  while  the  intermediate  cells  become  rounded  off  and  give 
rise  to  the  mother-cells  of  the  spores  (Hofmeister). 

The  mode  of  division  into  four  of  the  mother-cells  of  the  spores  also 
varies.  Those  of  Anlfioceros  form  at  first  two,  and  afterwards  four,  new  nuclei 
which  are  arranged  tetrahedrally,  the  protoplasm  dividing  before  the  nucleus ;  cell- 
walls  are  then  formed,  and  thus  the  mother-cell  breaks  up  into  four  spores '.  In 
Pellia  and  Fruilania,  on  the  other  hand,  the  division  of  the  mother-cells  commences 
by  four  protuberances  arranged  tetrahedrally,  which  at  length  are  cut  off  by  cell- 
walls;  each  contains  a  nucleus,  and  they  form  as  many  spores;  in  Pdlia  the  spores 
immediately  again  divide  several  tiroes,  and  thus  give  rise  to  a  young  plant. 

The  Hepaticse  are  usaaly  divided  into  five  families,  viz.: — 

1.  Anthocerotefe, 

2.  RiccieiE, 

3.  MonocleK, 

4.  MarchantieEE, 

5.  Jungermannie^, 

of  which  the  first  four  include  only  thalloid  forms,  the  fifth  both  thalloid  and  foliose 

I.  Anthooerotem-  Anthoceroi  lavh  and  pimctaius,  which  grow  in  summer  on  loamy 
ground,  develope  a  perfectly  leafless  flat  ribbon-like  thallus,  its  irregularly  developed 
ramifications  forming  a  circular  disc ;  the  regularity  of  the  dichotomous  branching  is 
disturbed  by  the  adventitious  shoots,  which  proceed  from  the  margin  of  the  thallus,  and, 

n  A  pun  tu  al  o  from  the  upper  s  rface  The  thalius  cons  sts  of  several  layers  of 
cell  and  tl  e  ap  cal  cells  of  the  branches  h  ch  1  e  n  tl  e  inter  or  depressions  are 
1?  ded  bj  walls  n  1  ned  alternately  up  vards  and  do  n^  ards  {F  g  237,  C).  In  each 
of  the  cells  of  the  thallus  the    pper  1    er  of  wh  ch  does  not  become  differentiated 

nto  an  ep  de  n  s  only  one  chlorophyll  gra  ule  s  formed  s  rrounding  the  nucleus. 
On  the  under  s  de  of  the  thallus  Jan  ze  sk  states  Xh\t  stomata  are  formed  close  behind 
the  growing  margin,  through  which  filaments  ol  hoitoc  frequently  penetrate,  forming 
roundish  balls  in  the  tissue  of  the  thallus  (Fig.  237,  B),  which  were  at  one  time  considered 
to  be  endogenous  gemm^^.  The  antheridia  and  archegonia  arise  apparently  without 
any  definite  arrangement  in  the  interior  of  the  upper  side  of  the  thallus.  The  formation 
of  the  antheridia  commences  by  a  circular  group  of  cells  of  the  outer  layer  separating 
from  the  subjacent  tissue  and  thus  producing  a  broad  intercellular  space,  several  of  the 
lower  bounding  cells  of  which,  after  some  vertical  divisions,  rise  up  in  the  form  of 
papilla,  and  form  the  antheridia  (Fig,  237,  B,  an).  It  is  only  when  the  chloiophyll- 
granules  in  the  walls  of  the  antheridia  have  assumed  a  yellow  colour  and  the  anther- 
ozoids  are  mature  that  the  roof  of  the  cavity  is  ruplured,  the  antheridia  opening 
at  their  apes  and  allowing  the  an'.herozoids  to  escape.  In  the  Riccie^  and  Mar- 
chantieK  the  archegonia,  which  are  at  first  free,  become  gradually  surrounded  by  masses 
of  tissue,  but   in  Anthoceros  they  are  enclosed  from  the  first.     One  of  the  superior 


•  [On  the  development  of  the  spores  of  Pdiia  and  Antboctrm  see  Strasburger,  Zellbildnng  und 
Zelltheilung.  jrd  «d.  p.  156.] 

'  [See  Waldner,  Ueb.  die  JVof/oc-Coloiiiecn  bei  Blasia,  Siliber.  d,  Wien.  Akad,  1878.] 
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segmental  cells,  near  to  the  growing-point  of  the  thallus,  divides  into  an  outer  and 
an  inner  cell;  the  outer  (superior),  which  bulges  slightly,  is  the  mother-cell  of  the 
archegonium  and  is  further  divided  (as  is  the  case  in  other  Liverworts)  by  three  longi- 
tudinal walls  vertical  to  the  surface  of  the  thallus,  into  one  internal  and  three  external 
cells.  The  latter  produce  the  six  primary  investing  cells  which,  at  a  later  period, 
give  rise  to  as  many  rows  of  cells  which  are  enclosed  on  all  sides  by  the  tissue  of 
the  thallus.  The  internal  cell  is  divided  by  a  transverse  septum  into  two  cells,  the 
lower  of  which  becomes  the  central-cell,  and  by  division  gives  rise  to  the  oosphere  and 
the  overlying  ventral  canal-cell ;  the  upper  undergoes  transverse  divisions  in  consequence 
of  which  a  row  of  neck  canal-cells  is  formed,  as  also  the  primary  stigmatic  cell  which 
subsequently  divides  cross-wise  to  form  the  stigmatic  cells.  The  variations  from  the 
mode  of  formation  of  the  archegonium  obtaining  in  the  other  Liverworts  are  thus  seen 
to  be  slight,  and  scarcely  justify  the  formation  of  the  Anthoceroteas  into  a  distinct  class. 
Fig.  237  C  dates  from  a  time  at  which  the  above-mentioned  details  were  unknown,  but 
It  suffices  nevertheless  to  give  some  idea  of  the  important  points  in  the  process. 

After  fertilisation  the  oospore  is  divided  in  the  manner  described  above.      Whilst 
the  developing  sporogonium  is  gradually  becoming  a  multicellular  body  dilated  inferiorly 


(Fig.  ZJ7,  E),  the  cells  of  the  surrounding  tissue  of  the  thallus  undergo  n 
divisions  and  form  an  upwardly  projecting  involucre  which  is  broken  through  at  a  later 
period  by  the  elongating  sporogonium.  Differentiation  now  takes  place  in  the  homo- 
geneous tissue  of  the  sporogonium ;  a  central  cylinder  of  from  twelve  to  sixteen  rows 
of  axially  elongated  cells  is  marked  out,  forming  the  columella,  whilst  the  cells  of  the 
layer  immediately  adjacent  to  it  undergo  division  by  horizontal  walls  and  give  rise  to  the 
mother-cells  of  the  spores  and  elaters;  the  external  four  or  five  layers  of  cells  form  the 
wall  of  the  future  '  pod,'  Those  cells  of  the  layer  investing  the  columella  which  are  to 
form  elaters  undergo  one  or  more  vertical  divisions.  The  elaters  are  here  transversely 
directed  rows  of  cells  in  which  no  spiral  bands  are  formed.  The  mother-cells  of  the 
spores  round  themselves  off,  become  gradually  isolated,  beginning  from  the  apex  of  the 
sporogonium  and  proceeding  basipetally,  increase  in  size,  and  then  divide  into  four,  giving 
rise  to  ihe  tetrahedrai  spores.  The  sporogonium  elongates  and  becomes  a  pod-shaped 
structure  of  from  fifteen  to  twenty  millimetres  in  height,  the  brown  wall  of  which, 
provided  with  an  epidermis  bearing   stomata,  splits   from   above  downwards  into  two 
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2.  The  family  IIoaoclecB  appears,  according  to  the  'Synopsis  Hepaticarum,'  to 
contain  transitional  forms  between  the  Aiithocerote*  and  the  Jungermannieie.  The 
long  sporogonium  has  a  longitudinal  dehiscence  and  no  columella ;  and  the  sesual 
generation  is  either  thalloid  or  fuliose. 

5.  The  Eioeie«  form  a  flat  dichotomously  branched  thalloid  stem,  floating  in 
water  or  rooting  in  the  ground,  the  apical  cells  of  which,  lying  close  to  one  another 


in  the  anterior  depressions  of  the  branches,  are  stated  by  Kny  to  become  multiplied  by 
vertical  longitudinal  partitions,  and   segmented   by  walls  inclined  upwards  and  down- 


wards. On  the  upper  side  a  distinct  epidermis  is  differentiated,  but  without  stomata, 
and  beneath  this  lies  the  green  tissue  often  provided  with  air-cavities,  which  is  derived 
from  the  upper  segments  of  the  apical.cells  ;  the  under  side  is  provided  with  a  single 
longitudinal  row  of  transverse  lamellje,  which,  resulting  immediately  from  the  lower 
segments  of  the  apical  cells,  must  be  considered  as  leaves.     Afterwards  they  split  length- 
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a  number  of  root -hairs  with  conical  thick- 


wise  and  form  two  rows ;  between  them  a 
enings  projecting  inwards. 

The  archegonia  and  antheridia  are  formed  on  the  upper  side  from  young  epidermal 
cells  which  grow  into  papillic,  and  are  overarched,  in  consequence  of  their  mode  of 
development,  by  the  surrounding  tissue  (Fig.  239).  This  involucre  sometimes  forms 
an  elevated  neck  above  the  sessile  antheridia.  The  archegonia  project,  at  the  time  of 
fertilisation,  above  the  epidermis ;  subsequently  they  are  ar  ched  over,  and  develope  from 
their  fertilised  oosphere  the  globular  sporogonium  with  a  wall  consisting  of  a  single  layer 
of  cells,  and  entirely  filled  with  spores,  without  elaters.  The  spores  are  set  free  by  the 
decay  of  the  sun-ounding  tissue. 

4.  The  Marohantleee  have  all  a  thalloid  stem  extended  flat  upon  the  ground; 
it  is  ribbon-like,  dichotomously  branched,  possesses  a  raid-rib,  and  is  always  composed  of 


several  layers;  the  under  side  produces  a  number  of  hairs  with  conical  thickenings 
projecting  inwards  placed  upon  a  spiral  constriction  of  the  internal  cavity  (Fig.  340,  irj, 
C),  and  also  two  rows  of  leaf-like  lamelliE,  like  the  RiccieiC.  The  upper  side  is  covered 
by  a  very  distinctly  diflerentiated  epidermis,  penetrated  by  large  stomata'  of  peculiar 
form.  Each  of  these  stands,  in  Marcbantia,  Luaularia,  &c.,  in  the  centre  of  a  rhombic 
plate ;  these  plates  are  parts  of  the  epidermis  which  overarch  large  air-cavities,  from  the 
bottom  of  which  the  cells  containing  chlorophyll  spring  in  i" conferva- like  manner,  ahile 
the  rest  of  the  tissue  is  destitute  of  chlorophyll  and  consists  of  long  horizontal  cells 
without  interstices  {cf.  Fig.  65). 

'  These  alomata  are  formed  (see  Fig.  89)  by  the  simple  separation  from  one  another  of  four  or 
more  epidermal  cells  which  ailerwaids  are  divided  by  walls  parallel  to  the  surface  of  the  thallus. 
(Leitgeb,) 
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The  sexual  organs  of  the  Marchirt  est.  are  borne  o 
tacles '.  The  antheridia,  although  pr  ngi  ig  from  cells  of  the  epidermis,  are,  as  in  Riccia, 
depressed  in  the  upper  side  ot  the  thalloid  stem  and  overarched  by  the  surrounding 
tissue;  they  occur  in  larger  or  smaller  numbers  close  together  upon  receptacles,  which 
are  discoid  or  shield-shaped  sessile  or  stT.lked  branches  that  have  undergone  a  peculiar 
transformation.  The  artl  eg  n  a  \  t  only  n.  the  TargionieK  inserted  at  the  apex 
of  an  ordinary  shoot ;  in  the  other  tamilics  the\  are  produced  on  a  metamorphosed 
branch,  which  rises  like  a  stalk,  and  deielopes  in  different  ways  at  its  summit;  it 
bears  the  archegonta  on  ts  outer  or  lower  s  de  With  the  variation  in  the  form  of  the 
part  which  bears  the  archegonia  is  connected  an  equally  varied  mode  of  envelopment 
of  the  archegonia  by  involucres  Since  it  is  mposs  ble  to  describe  these  structures  in 
a  short  space,  we  may  take  Marcf-antia  polymarfha  the  species  most  perfectly  endowed 
in  this  respect,  as  an  example  The  explanation  of  the  figures  241-2^3  will  suffice 
to  illustrate  at  least  the  most  essential  po  nts 

The  sporogonium  of  the  Marchant  ese   usually  shortly  stalked,  contains  elaters  which 
radiate  from  the  bottom  towards  the  circumference  (cf.  Fig.  236).     It  bursts  either  at 


the  apex  with  numerous  teeth,  or  is  four-lobed,  or  the  upper  part  becomes  detached  as 
an  operculum.     The  peculiar  gemmie  and  their  cupules  have  alreacly  been  described. 

5.  The  JungermaimiesB.  In  this  family  occur  forms  of  which  the  vegetative  body 
is  a  true  flat  leafless  thailus,  as  Melz-^rla  and  Aneura,  as  well  as  transitional  forms  whose 
flat  thalloid  stem  forms  leaves  on  the  under  surface  {Diploltena),  or  whose  stem,  as  in 
Blasia,  elliptical  in  section  in  its  early  stage,  becomes  broad  and  leaf-like  when  older,  and 
produces  leaves  on  both  surfaces.  Closely  allied  to  these  is  a  genus  '  witb  a  less  dilated 
stem,  though  still  always  greatly  flattened  on  the  upper  side,  and  bearing  leaves  only 
above,  (Fosiombronia .'),  The  greater  number  of  the  genera,  however,  the  foliose  Junger- 
manniese,  form  a  slender  filiform  stem,  with  numerous  sessile  leaves  with  broad  inser- 
tions but  distinctly  differentiated;  these  leaves  commonly  occurring  only  in  two  rows 
situated  on  the  upper  side,  as  in  Radula,  some  species  of  Jungermannia,  Lejeunia,  and 
Plagiochila.  Typically,  however,  there  are  three  rows  of  leaves,  one  being  developed  on 
the  under  or  shaded  side  {hence  termed  Ampbigailria),  the  other  two  rows  on  the  upper 
side  [Fnillaaia,  Madotheca,  Maitigobryum).  In  the  flageliiform  bianches  the  leaves 
remain  very  small,  and  are  sometimes  almost  invisible. 


'  [Leitgeb.  Die 


■n  der  Marchantia 


;  Sitzher,  H.  Wie 
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The  bilateral  structure  is  distinctly  manifested  not  only  by  tiie  thalloid  forms,  which' 
mostly  cling  closely  to  the  substratum,  in  that  the  sesual  organs  are  formed  only  on  the 
upper  side  or  the  one  exposed  to  the  light,  and  rhizoids  and  leaves  on  the  under  or 
shaded  side ;  but  in  the  foliose  forms  also  this  tendency  is  clearly  shown,  whether  they 
cling  closely  to  the  substratum  or  rise  from  it  obliquely.  This  bilateral  structure  is 
manifested  not  only  in  the  different  mode  of  the  formation  of  the  leaves  on  the  two 
sides,  and  in  the  expansion  of  the  ramifications  in  a  single  plane,  but  is  also  deter- 
mined, both  in  the  foliose  and  in  the  thalloid  forms,  by  the  growth  of  the  apical  region 
of  the  shoot.      Even  the  youngest  segments  of  the  apical  cell  exhibit  it,  as  is  shown 


in  the  different  organisation  of  the  upper  and  under  sides,  and  in  the  similarity  {though 
not  symmetrical)  of  the  right  and  left  sides  of  the  shoot. 

Enough  has  already  been  said  on  the  position  of  the  apical  region  in  ah  anterior 
depression  in  the  thalloid  forms,  as  well  as  on  the  termination  of  the  filiform  stem 
in  the  leaf-bud  of  the  foliose  genera.  The  form  of  the  apical  cell,  and  its  segmen- 
tation in  the  thallus  of  Met%geria,  have  been  represented  in  detail  in  Fig.  i  ro  ;  in  Aneara 
and  Fojsombmma  It  is  also  two-sided.  In  Blaiia,  on  the  other  hand,  Leitgeb  states 
that  it  is  four-sided,  and  forms  four  rows  of  segments,  a  dorsal,  a  ventral,  a  right,  and  a 
left  row.    '  This  miy  be  most  easily  represented  by  suppo.^ing  a  wedge-shaped  apical  cell 


vGooqIc 


35^  MUSCINEM. 

forming  segments  by  walls  inclined  alternately  upwards  and  downwards  (towards  the 
dorsal  and  ventral  surfaces),  as  well  as  lateral  segments  from  which  the  leaves  proceed ; 
a  leaf  is  produced  from  the  dorsal  part  of  a  lateral  segment,  a  kind  of  leaf-tube  from  its 
ceritral  part,  and  a  second  leaf  from  its  ventral  part,  though  this  last  is  more  often 
absent '  (Leitgeb,  in  lit.). 

In  the  Jungermanniese  with  filiform  stem  and  leaves  arranged  in  two  or  three 
rows,  the  stem  ends  in  a  three-sided  apical  cell  which  forms  three  rows  of  segments 
in  spiral  succession ;  two  rows  being  dorsal  and  lateral,  while  the  third  row  forms  the 
Tinder  or  ventral  side  of  the  stem.  The  successive  septa  of  each  row  of  segments  are 
parallel  Co  one  another,  and  the  segments  themselves  are  in  straight  rows,  the  rows  being 
parallel  to  one  another  atid  to  the  axis  of  growth  of  the  stem^.  In  the  species  with 
leaves  arranged  in  two  rows,  a  leaf  springs  from  each  of  the  dorso-lateral  segments ; 
.when  the  leaves  are  arranged  in  three  rows  each  segment  of  the  ventral  side  also 
produces  a  leaf,  which  is  however  smaller  and  of  simpler  structure  and  is  also  inserted 
transversely,  while  the  insertion  of  the  dorsal  rows  of  leaves  is  oblique  to  the  axis  of  the 
stem,  so  that  the  lines  of  insertion  of  each  pair  form  an  acute  angle.  Before  a  lateral 
segment  has  developed  a  papilla  from  which  the  leaf  is  formed,  it  divides  by  a  longi- 
tudinal wall  into  an  upper  and  a  lower  half  facing  dorsally  and  ventrally,  each  of  which 
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now  forms  a  leaf-papilla.  Hence  it  arises  that  the  leaves  of  Junger 
certain  extent  bisected  or  two-lobed;  in  the  simpler  leaves  this  is  usually  shown  by 
a  more  or  less  deep  incision  of  the  anterior  margin ;  but  even  when  the  leaves  are  quad- 
ripartite, as  in  Trichocolta,  the  primitive  double  origin  can  still  be  recognised.  The  lower 
lobe  of  the  leaf  is  usually  smaller,  of  peculiar  form,  and  hollowed  out. 

The  branching  of  the  growing  end  of  the  shoot  in  the  case  of  Metzgeria  has  already 

been  represented  in  Fig.  \  lo.     According  to  Leitgeb  it  takes  place  in  a  similar  manner 

I      '     the  other  thilloid  forms  with  a  two-sided  apical  cell,  viz.  in  Jaeura  and  Fojsbi>i~ 

b  Th  ble  relation  of  the  branching  to  the  leaves  discovered  by  Leitgeb^ 

p        II        m    k  bl        In  Metageria  and  Aneura  no  leaves,  but  only  branches,  are 

f        ed       t    f    h     segments;  in  Fossombronia  the  lateral  shoot  springs  from  the  segment 

pi  f         h  I    i     f ;  on  the  other  hand,  in  the  greater  number  of  Jungermanniese 

w  th  fil  f         1     fy  and  three-sided  apical  cell,  the  lateral  shoot  springs  from  the 

gm     t       pi  f  th    lower  or  ventral  lobe  of  the  leaves  of  the  dorsal  side,  so  that  in 

these  cases  the  branch  may  be  considered  as  a  metamorphosed  half-leaf.     Fig.  244  will 

'  Compare  in  reference  to  this  what  follows  with  lespect  lo  Mosses. 

"  Whai  follows  is  partially  derived  from  Leitgeb"s  letters.     [See  liii  Uiilersiichiingen,  TIT.] 
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serve  to  explain  this  remarkable  process,  where  the  apical  view  of  a  branching  shoot  is 
represented  diagram  mat  ieally :  7,  7f .  .  .  f7  are  the  segments  of  the  apical  cell  5  of  the 
,  primary  shoot;  IT,  F  being  segments  of  the  ventral,  I,  III,  IF,  FI  of  the  dorsal  side. 
The  two  segments  /  and  III  are  already  divided  by  a  longitudinal  wall  each  into  two 
halves  respectively  dorsil  and  ventral ;  and  in  the  latter  the  apical  cell  j  of  each  lateral 
shoot  has  already  been  constituted  by  the  fornnation  of  the  walls  i,  2,  3,  while  the  dorsal 
half  of  each  of  these  segments  has  developed  into  half  a  leaf.  The  other  segments  which 
do  not  form  shoots  develope  normal  two-lobed  leaves.  This  is  the  process  that  occnrs  in 
Fruitania,  Mtidoiheca,  Maitigobijum,  Lepidozla,  Tricbocalea,  and  Jungermannia  truhapbylla. 
A  third  type  of  branching  occurs  finally  in  Raduta  and  Lejeania,  where  the  formation  of 
leaves  is  not  disturbed  by  the  branching,  the  branches  springing  from  behind  the  leaves  at 
their  base,  and  from  the  same  segments. 

Besides  these  modes  of  ramification  of  the  segments  of  ddinite  position,  Leitgeb  has 
recently  discovered  an  endogenous  formation  of  shoots,  which  are  sometimes  fertile 
branches,  from  the  ventral  segments  provided  with  amphigastria,  e.g.  in  Maitigobryum, 
Lepidoxia,  and  Ca/jpageia ;  or  they  are  formed  without  the  production  of  a  ventral  row 
of  leaves,  as  in  Jungermannia  bicuspidala  and  other  jungermannieje  with  leaves  in  two 
rows.  In  those  especially  which  belong  to  the  section  Trichomanoide^  the  fertile 
branches  are  developed  thus,  and  break  out  from  the  older  parts  of  the  stem  as  adven- 
titious shoots ;  probably,  however,  their  mother-cells  always  originate  regularly  in, 
acropetal  succession  in  the  primary  merktem  of  the  vegetative  cone,  as  in  Maitigobryum 
and  Lefidozia,  but  their  development  is  deferred.  Finally  according  to  Leitgeb,  the 
whole  branching  of  many  JungermannieK  appears  to  depend  exclusively  on  the  pro- 
duction of  branches  in  this  manner. 

The  reproductive  organs  are  distributed  monceciously  or  diteciously,  and  are  formed, 
in  the  thalloid  genera,  on  the  dorsal  side  of  the  shoot  ^,  in  the  foliose  JungermannieEe  at 
the  end  of  primary  shoots  or  of  special  small  fertile  branches,  which  commonly  have  the 
above-described  adventitious  origin  on  the  ventral  side.  The  antheridia  are  usually  in 
the  asils  of  the  leaves,  singly  or  in  groups.  The  archegonia  appear  generally  in  large 
numbers  at  the  summit  of  the  shoot,  either  on  those  which  bear  antheridia  below,  or 
on  special  branches,  which  in  the  Geocalycese  are  hollowed  out  in  such  a  manner  that 
the  archegonia  are  sunk  in  a  deep  pitcher-shaped  hollow,  an  arrangement  which  may  be 
compared,  to  a  certain  extent,  with  the  structure  of  a  fig.  This  occurs  in  an  especially 
striking  manner  in  Calypogeia.  Where  this  peculiar  enveloping  of  the  archegonia  does 
not  occur,  they  are  concealed  by  the  nearest  leaves  (theperichxtiura) ;  and  a  perigynium 
is  usually  formed  in  addition,  which  grows  round  the  archegonia  as  a  special  membranous 
envelope.  The  development  of  these  organs  has  been  accurately  described  by  Leitgeb 
in  the  case  of  Radula  eomflanata  (Fig.  345).  The  primary  and  lateral  shoots  both  be^r, 
as  a  rule,  both  kinds  of  reproductive  organs ;  such  a  shoot  is  always  at  first  purely 
vegetative,  but  forms  after  a  time  antheridia,  and  finishes  with  the  archegonia.  Less 
often,  however,  it  again  recurs,  after  the  production  of  antheridia,  to  a  vegetative 
development.  The  antheridia  of  Radula  are  metamorphosed  trichomes;  they  stand 
singly  in  the  axils  of  the  leaves,  and  are  completely  enclosed  in  the  hollow  formed  by 
the  very  concave  lower  lobe  of  the  leaf.  They  arise  from  the  club-shaped  protuberance 
of  a  cell  belonging  to  the  cortex  of  the  stem  and  lying  before  the  leaf  at  its  base. 
The  archegonia  of  Radala  always  stand  at  the  end  of  the  primary  or  of  a  lateral  shoot, 
from  three  to  ten  together,  surrounded  by  a  perigynium,  which  is  again  enveloped  by  a 
perichsetium  of  two  leaves.  The  archegonia  together  with  the  perigynium  are  de- 
veloped from  the  apical  cell  of  the  shoot  and  from  its  three  youngest  segments.  The 
archegonia  arise  from  the   apical   cell   itself,   and  from  the  upper   parts  of  its  lateral 

'  In  Meizgeria  farcala  the  antheridia  and  ai-chegonia  make  their  appearance  dicedously  on  the 
concave  dorsal  surfais;  ol  adventitious  branches  which  arise  from  the  vciitral  surface  of  the  mid-rib 
Lnd  are  so  curved  as  to  enclose  the  sexual  organs.    (Leitgeb,) 
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segments;  the  lower  parts  together  with  the  ventral  segment  are  employed  in  the 
formation  of  the  perlgynium.  The  further  development  of  the  archegonja  and  antheridia 
has  already  been  described. 

In  the  species  examined  by  Hofnieister  the  fertilised  oosphere  is  first  divided  by  3 
transverse  septum,  i,  e.  at  right  angles  to  the  axis  of  the  archegonium.  Only  the  upper 
of  the  two  cells,  the  one  towards  the  neck  of  the  archegoninm,  hecomes  further  divided, 
and  it  gives  rise  to  four  apical  cells  arranged  as  octants  of  a  sphere,  as  described 
above. 

The  basal  portion  of  the  growing  archegonium  becomes  swollen  out  and  penetrates 
down  into  the  tissue  of  the  stem,  being  nourished  and  firmly  enclosed  by  it  (the  vaginula). 
As  soon  as  the  young  sporogonium  consists 
of  3  number  of  cells,  its  wall  becomes  differ- 
entiated from  the  inner  tissue  which  is  to 
form  the  spores  and  elaters.  In  FruUaaia  it 
is  a  single  circular  disc  of  cells  lying  trans- 
versely beneath  the  dome  of  the  young  sporo- 
gonium from  which  the  vertical  elaters,  and 
by  further  divisions,  the  mother-cells  of  the 
spores  arise,  a  process  which  reminds  one  of 
what  occurs  in  Sphagnum.  In  most  true 
Jungermannics  there  is,  on  the  other  hand, 
a  column  of  tissue  consisting  of  vertical  rows 
of  cells  {surrounded  by  the  wall  of  the  sporo- 
gonium consisting  of  two  layers),  out  of  which 
the  elaters  and  spores  are  formed.  The  elaters 
lie,  in  this  case,  horizontally,  and  radiate  from 
the  ideal  longitudinal  axis  to  the  wall  of  the 
sporogoninm  (Fig,  246).  In  Pdlia  the  inner 
fertile  tissue  forms,  after  the  differentiation  of 
TK..iit.—yii>:tc>-nan:iia  Maifi^^ii' :  iciii£iiLLriE.i»r  the  wall  of  thc  sporogonium,  a  hemisphere, 
^^r»°L?!.^"S«^^°»hkh  1S4"^IIanTd '^r.f«°  from  the  cells  of  which  arise  the  spores  and 
tiiia5rtij'baMriiiiep«iBeniiiir;«Meni:*itBt:jspoinis  t]jg  giaters  radiating  from  below  upwards,  in  a 
bawl  tell  (after  Hoflneiater).  Similar  manner  to  what  occurs  in  the  Mar- 

chantiea:. 
By  a  rapid  extension  of  the  hitherto  short  seta,  the  calyptra  is  ruptured  at  the 
apes,  and  the  globular  sporogonium  with  the  already  ripe  spores  is  raised  up  on  it. 
Whilst  the  spores  are  ripening,  the  inner  layer  of  the  wall  of  the  sporogonium  becomes 
absorbed;  the  single  layer  which  still  remains  is  ruptured  at  the  apex,  and  splits  into  four 
(rarely  more)  longitudinal  valves,  which,  flying  asunder  in  the  form  of  a  star,  carry  with 
them  at  the  same  time  the  elaters,  by  which  the  spores  are  dispersed.  The  elaters,  when 
mature,  are  long  fusiform  thin-walled  cells,  round  the  interior  of  which  run  from  one  to 
three  brown  spiral  bands. 
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The  spore  produces  a  conferva  like  thallus  the  Protonema  from  which  the 
leaf  bearing  Moss  arises  bj  lateral  branching  with  differentiation  into  stem  and 
leaf  On  this  plant  the  sexual  organs  are  formed  from  the  fertilised  oosphere 
proceeds  the  sporognnium  in  which  the  spores  are  formed  fr:)m  i  sm-iU  portion 
of  the  inner  tissue 

The  Ptolonema  arises  in  the  tjpical  Mosses  as  a  tubulir  bulging  of  the 
endospore  which  elongates  mdcfinitely  by  apical  growth  and  becomes  septate  the 
septa  beng  oblique  The  cells  do  not  undergo  anj  intercalary  dmsions  but  form 
branches  immediitelj  behind  tie  septa  these  branches  also  become  septate  and 
usual!)  show  a  limited  apical  growth  the^  ina>  in  turn  produce  ^^mlScat!ons 
of  a  higher  order  The  part  of  the  endospore  wh  ih  lies  opposite  the  germmatng 
filament  ma)  de^elope  into  a  hi  aline  rhizoid  which  penetrates  into  the  ground 
The  cell  walls  of  the  protonemi  filaments  are  at  first  colourless  but  as  the  primary 
axes  he  upon  the  ground  or  even  penetrate  into  t  their  cell  walla  assume  a  brown 
colour  while  the  cells  above  graund  develope  abundance  of  chlorophyll  granules ^ 
and  the  prctonema  is  hence  nourished  mdependenth  by  assimilation  it  not  only 
attains  a  consiierahle  size  m  some  genera  co\ering  a  surface  of  from  one  to  several 
squire  inches  like  turf  with  its  densely  matted  filaments  but  its  term  of  life  may  be 
regirded  as  unlimited  In  most  Mosses  it  altogether  disappears  after  it  has 
produced  the  leafy  stems  as  lateral  buds  but  where  these  latter  remnn  lerv  small 
ind  hiie  only  i  "ihort  term  of  life  as  in  the  Phiscaceas  P  Itia  Ph%sconiilnum  S-C 
the  protonema  still  remains  vgorous  after  it  has  produced  the  leaf)  plants  and 
when  the  sporo  onium  has  already  been  developed  upon  them  In  such  cases 
all  three  atiges  of  the  C)clc  of  development  are  present  simultaneously  m  geneiic 
connexion    The  'sphagniLess  Andretace'B  and  Tetraphide^  d  ffer  from  the  typical 

*  W,  P.  Schimper,  Recherches  mat.  et  pliysiol.  sur  les  Mousses  (Strassbui^  1848).— Lantiius- 
Beniiga.  Beitrage  lur  Kentniss  des  Baues  der  ausgewachsenen  Mooskapsel.  insbesondere  des  Peri- 
stoms  (with  beautiful  illustrations)  in  Nova  Acta  Acad.  Leopold,  1847. — Hofmeister,  Vergleicli. 
Untersuch,  1851.  [On  the  Germination,  Development,  and  Fructification  of  the  Higher  Cryptogaraia, 
Ray  Soc.  1862.]— Hofmeister,  in  Bericbte  der  Ktin.  S'achs.  Gesellsch.  der  Wissens.  1854.— Ditto. 
Entwicltelung  des  Stengels  der  beblatterten  Muscineen  (Jahrb.  fur  wissens.  Bot.  vol.  III).— Unger, 
Ueber  den  anat.  Bau  des  Moosstammes  (Sitzungsber.  der  Kais,  Akad.  der  Wissens.  Vienna,  vol. 
XLin.  p.  497),— Karl  Mijller,  Deutschlands  Moose  (Halle  1853).— Lorentz,  Moosstudien  (Leipiig 
18S4). — Ditlo,  Gruiidlinien  zu  einer  Vei^leich.  Anat.  der  Laabmoose  (Jahrb.  fur  wissen.  Bot.  vol  VI, 
and  Flora  1867). — Leitgeb,  Wacbsthum  des  Stamnichens  von  Fonliaalis  anlipyriHca  u.von  Sphagnmn; 
sowie  Entwickelung  der  Antheridien  derselben  (in  Sitzungsber.  der  Kais.  Akad.  der  Wissens.  Vienna 
1868  and  1869).— Najjeli,  Pflanienphysiol.  Untersuchungen,  Heft  I.  p.  15. — Julius  Klihn,  Entwickel- 
ong^eschicbte  der  Andreseaceen  (Leipzig  1870).  (Miltheilungen  aus  dem  Gesammtgebiel  derBotanik 
von  Sihenk  u.  Luei-sscn,  vol.  I).— Jancecwski,  Ueber  Entwickelung  der  Archcgonien,  Bol.  Zeilg. 
1872. 
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Mosses  both  in  the  structure  of  the  sporogonia,  and  in  the  mode  of  formation  of 
the  protonema.  The  spores  of  the  Sphagnacese  produce,  at  least  when  they  grow 
upon  a  firm  substratum,  a  flatly  expanded  plate  of  (issue,  which  branches  at  the 
margin,  and  produces  from  its  surface  the  leafy  stems.  In  Andreaa,  according 
to  the  investigations  of  Kiihn,  the  contents  of  the  spore  divide,  while  still  within 
the  closed  exospore,  into  four  or  more  cells,  and  a  tissue  is  thus  formed  similar  to 
that  produced  in  the  spores  of  some  Hepaticre  (as  Radula  and  FruUanid) ' :  finally, 
from  one  to  three  peripheral  cells  grow  into  filaments  which  extend  over  the 
hard  stony  substratum.  The  branches  of  the  protonema  may  now  devclope  further 
'n  three  different  ways;  Iongitu:'inal  as  well  as  transverse  divisions  arise,  and 
irregularly  branched  cellular  ribbons  are  formed;  or,  divisions  also  taking  place 
n  addition  parallel  to  the  surface  of  these  ribbons  so  that  they  come  to  be  several 
layers  thick,  the  protonema  developed  in  this  manner  as  a  mass  of  tissue  becomes 


h  h  d  C 


S  { 


In  tnie  Mosses  also  (as  Barlraniia,  Le„^oiry,m,  Mm«m.  arirt  Hyp,mm,  the  first  septum  of  the 
profonema  is  formed,  according  to  Kiihn,  even  within  the  spore. 
=  Compare  Berggren,  liot.  Zeitg.  187J. 
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in  the  botanicil  laboratorj  at  Wurzhure;  ani  concluded  bj  cruller  {1873)  The 
principal  fikments  of  the  protcnema  and  the  large  rhizo  Is  hiie  a  \er)  n  uch 
elongated  apical  cell  in  whith  (and  never  in  its  segments)  obi  que  septa  are 
formed  which  ire  regujarl)  inclined  (spirallv)  in  three  or  more  directions  just  m 
the  sime  manner  as  the  principal  i^all  of  the  segments  of  the  tr  lateral  apicai 
cell  of  the  Moss  stem  These  walls  do  not  howe%er  intersec  as  in  the  stem 
since  the  segments  (cells  of  the  filament^  are  o  long  Each  segment  is  capable 
of  forming  a  protulerance  immed  ately  beh  nd  its  antenor  wal!  which  is  slut  off 
by  a  wall  corresj  ondmg  to  the  folur  wall  formed  m  the  stem  segments  After 
this  protuberance  has  become  elongated  a  wall  is  formed  within  it  c  rresptnding  ti 
the  Lasal  wUl  formed  in  the  segments  of  the  stem  In  th  s  waj  the  protui  er 
ance  comes  to  consi  t  of  two  cells  the  one  directed  to  vards  the  growing  ape^c 
of  the  filament  corresponds  to  the  mother  cell  of  the  leaf  and  the  other  Ijing 
behmd  the  preceding  developes  a  hteral  branch  just  as  is  he  case  in  the  stem  ^ 
Other  unimportant  divisions  of  these  cells  need  not  be  mentioned  here      Usually 


the  anterior  cell  does  actually  give  rise  to  a  foliar  organ,  the  posterior  to  a  bud, 
but  often  one  or  both  simply  develope  into  rhizoids.  The  position  of  the  walls 
of  these  cells  is  precisely  similar  to  that  of  the  corresponding  ceils  of  the  stem ; 
the  protoneraa  differs  from  the  Moss-stem  simply  in  the  distance  of  one  segment 
from  the  other,  and  in  the  suppression  of  those  further  divisions  by  which  the 
tissue  of  the  stem  is  produced  from  its  segments.  When  a  stem  is  developed 
from  the  protonema,  it  originates  as  a  bud  from  the  posterior  of  the  two  cells  of 
the  lateral  protuberance.  lis  mode  of  origin  is  usually  this,  that  the  cell  at  first 
elongates  into  a  filament  by  the  formation  of  segments  the  primary  walls  of  which 
do  not  intersect;  after  this  segments  are  cut  off  by  walls  which  do  intersect, 
and  from  them  foliar  outgrowths,  and  later  true  leaves,  are  formed.  From  this 
it  is  evident  that  the  formation  of  a  Moss-stem  from  the  protonema  essentially 
depends  upon  the  more  rapid  formation  of  segments  one  after  another ;  a  Moss- 
stem  is,  so  to   speak,  a  protonemal  filament  with  very  short  segments,  forming 

'  See  Fig.  ri6,  the  walls  c.  h. 
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mother-cdls  of  leaves  which  at  once  grow  out  into  expanded  leaves  instead  of 
into  filamentous  structures.  This  interpretation  is  confirmed  by  all  possible  tran- 
sitional forms,  and  a  comparison  of  the  ordinary  characteristics  of  the  stem  and 
of  the  protonemal  filament  at  once  demonstrates  its  truth'.  Whether  or  not  the 
Andreieaceje,  Sphagnece,  &c.  resemble  the  BryincEe  in  this  feature,  and  the  extent 
of  such  a  resemblance,  must  be  decided  by  future  researches. 

The  apical  cell  of  the  stem  is  two-sided  in  Schisloslega  and  Fissidens,  and 
produces  two  straight  rows  of  alternating  segments ;  in  the  rest  of  the  Mosses  it 
IS  a  three  sided  pyramid  with  the  basal  surface  tumei  upwards  (Fig  ii(>)  Each 
segment  of  the  apical  cell  arches  outwards  and  upwards  as  a  broad  papilla  this 
is  cut  off  b)  a  longitudinal  wall  (which  Leitgeb  c-iils  a  foliar  wall)  and  de\elipes 
by  further  d  visions  into  a  leaf  wh  le  the  lower  inner  part  of  the  segment  produces 
b)  further  dmsions  part  of  the  inner  issue  of  the  stem  S  nee  eich  segment 
forms  a  leaf  the  phyllotaxis  is  determined  b>  the  position  of  the  consecut  e 
segments  In  Fmtdens  two  straight  rrws  of  alternate  leases  are  tl  us  formed  in 
FonUnahs  three  straight  rows  w  th  the  di  ergence  \  the  segments  themsehes  lying 
here  m  three  straght  rows  w  th  the  \  arranc  mtnt  because  each  newly  formed 
primary  wall  i  pirallel  to  the  last  but  three  (both  belonging  ti  one  segment) 
In  Pohtrichum  Sfhagnum  Atiit  isa  &.C  on  the  other  hand  each  new  primary 
wall  encroiches  on  the  a  cendma;  side  w  th  regari  to  the  leifspiral  the  primary 
walls  of  each  sej,ment  dre  therefore  net  parallel  the  segments  themsehes  do  not 
he  e\en  when  first  formed  (without  the  assistance  of  any  torsion  of  the  stem)  in 
three  straight  rows  but  m  three  panllel  spiril  lines  ^mdmg  round  the  axi  of 
the  stem  one  alove  another  and  the  consecutne  segments  and  their  leaves  diverge 
at  an  angle  which  from  what  has  been  sad  must  be  greater  than  ^  the  [.hjllo 
taais  is  ^  I   a  id  so  on  ^ 

The  pnraary  meristem  of  the  sten  s  tuate  1  beneath  the  /«n  lum  gdalioms 
passes  over  into  permanent  t  ssue  and  usu^llj  becomes  differentiated  mto  an  inner 
and  T  peripheral  mass  of  t  ssue  which  ire  not  j,enerillj  sharph  defined     the  cell 


of  the  perpheral  and  especially  of  the  outermost  lajers  are  usuallj  strongly 
thickened  and  of  i  bright  red  or  yellowish  red  colour  the  cells  of  the  inner  funda 
mental  ti  sue  have  brcader  cavities  and  thinner  walls  more  slightl)  or  not  at  all 
coloured  In  some  Moss  stems  th  s  differentiation  goes  no  further  than  into  an 
outer  skin  cons  stmg  of  severil  lajers  and  a  thin  walled  fundamental  tissue  {t  g 
Gymnoslomum  rupesif  e  L  ucobryum  glaucum  Htdttigia  cthiia  Barbula  ahtd s  Hjlo 
comium  sphndcns  &.c  accordmg  to  Lorentz)  while  in  many  other  species  a  central 
bundle  of  very  tliin  walled  and  very  narrow  cells  is  formed  in  addition  (Grimmtj 


'  I  must  content  myself  with  the  above  brief  account,  for  Herr  Schuch  has  not  yet  published  his 
observations  which  I  had  the  opportunity  of  following  in  all  their  details.  Herr  Mijller  is  at  present 
(1874)  working  at  this  subject,  but  is  not  yet  in  a  position  to  publish  his  results.  Figs.  14;  and  148 
were  drawn  at  a  lime  (1S66)  when  the  views  expressed  above  were  unformed.  (SeeArb.  d.  bot.  Inst, 
in  Wiirzburg,  Heft  IV.  1874.) 

'  If  the  position  of  each  iburlh  dirision  of  the  apical  cell  is  kept  in  view,  it  gives  the  impression 
as  if  the  apical  cell  rotated  slowly  on  its  axis,  producing,  at  the  same  time,  leaf-forming  segments. 
(Compare  on  this  subject  the  work  of  Leitgeb  mentioned  above,  Ixiientz's  work,  Ilofmcister's  Mor- 
phologic, p.  194,  and  Miiller,  Bot.  Zeitg.  i86ij,  pi,  VIII.) 
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mpleat  kind 


Funaria  Birliinia  Mnum   Stum    and  others)        \n  PI  In  hum  Aliichum  and 

DazLiTut  alone  do  decided  ih  ckenings  of  the  cell  walls  take  place  m  the  central 

bundle  in  such  a  manner  that  each  of  leveral  groups  of  originally  thin  willed  cells 

becomes  surrounded  b)  a  thii,k  uall  and  thev 

toi^-ether  form  the  bundle      In   Polyiruhum 

commune  there  are  found  similar  thinner  extra 

atiil  bundles     Sometmes  bundles  of  thin 

walled  cells  run  from  the  base  of  the  leaf  \ein 

obliquelj   downwards  through  the   tissue  of 

the  stem  as  far  as  the  central  bundle  which 

Lorentz    regirds  as   foliar    bundles    (  ^     in 

Splachmim  luieum    I  oili  i  nn  ihs   &c  )      If  it 

IS  borne  in  mind  that  in  some  vascular  plants 

fibro  vascular   bundles    of   the    most   simple 

structure  occur    and  if  the  simlaritv  of  the 

cambiform  cells  of  true  fibro  \iscular  bundles 

to  the  tissue  of  the  cential  and  foliar  bundles        "" 

in  Mosses  is  considered  tl  ese  htter  maj  with 

out  doubt  be  held  to  be  fibro  \ascular  bundles  of  the  s 

As  has  alreadj  been  mentoned  the  leaf  ongmates  from  the  broad  papilb^e 
bulging  of  a  segment  of  the  apical  cell  of  the  stem  this  is  cut  off  b*  a  wall  The 
lower  (basal)  part  is  concerned  m  the  formation  of  the  outer  laiers  of  tssue  of 
the  stem  whereas  the  apical  part  of  the  papilU  LOnstitites  the  apical  cell  of  the 
leaf  It  forms  two  rows  of  segments  b}  walls  perpendicular  to  the  surface 
of  the  leaf  and  inclined  to  the  rght  ind  left  The  number  of  the  segments  lo 
be  formed  m  other  w  irds  Ihe  terminal  growth  of  the  leaf  is  limited  and  the 
formition  of  tissue  from  the  cells  thus  formed  advances  downwards  ceasing  fii  allj 
at  the  bise  The  whole  of  the  tissue  of  the  leaf  is  sometimes  {as  in  Foniinalu,) 
a  s  mple  la)i,r  of  cells  but  verj  commoni}  a  \em  t  e  a  more  or  less  broad  bundle 
IS  formed  from  the  base  towards  the  apex  dividmg  the  unilamellar  Umina  into 
rght  and  left  hakes  and  consisting  itself  of  several  lajers  of  cells  The  vein  is 
sometimes  composed  of  uniform  elongated  cells  buf  more  often  \anous  forms  of 
tissue  become  differentiated  in  it  imong  which  bundles  of  narrow  thm  willed  cells 
similar  to  the  central  bundle  of  the  stem  frequently  occur  and  these  are  sometimes 
coi  tinued  to  it  through  the  external  tissue  of  the  stem  as  foliar  bundles  {</  Lorentz 
/  c )  The  sh  ipe  r  f  the  leaves  of  Mosses  \  anes  from  almost  circular  through  broadlj 
Unceolue  forms  to  the  ac  cular  thej  are  alwajs  se  sile  and  broad  at  their  insertion 
usually  dtnsel)  crowded  onlj  on  the  stolons  of  some  speces  the  peiicels  of  the 
cupules  of  the  gemm'e  of  Aula  omnion  and  Telriphis  as  well  as  at  the  base  of 
some  leaf}  shoots  do  the\  remain  small  and  remote  (cataphjllary  leaves)  In  the 
neighbourhood  of  the  repioductive  organs  thej  usually  form  dense  rosettts  or  buds 
and  then  not  unfrequently  assume  specnl  forms  and  colours  In  Racopdum  Hypo 
pUr)gium  anl  Cyalkophoi um    there  are  two  kmds  of  leaves  a  row  of  larger  upon 


a  of  the  sporogonium 
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one  side  and  a  n  w  i.f  smaller  leives  upon  the  other  side  ff  the  '.tern  The 
leiies  are  not  brinthcd  but  eiitre  or  toothed  rarch  sht  In  some  kinds  pecuhar 
outgrowths  are  formed  upon  the  inner  or  upper  surface  of  the  leases  in  BarbuH 
abides  irt  cuhted  capitate  hairs  The  lamina  which  in  other  cises  expands 
right  and  left  from  the  mednn  pUne  is,  in  T'lssiiens  expanded  in  the  median 
plane  itself  proceeding  from  ■in  almost  sheathing  base  The  tissue  of  the  leaf  is, 
ttith  the  exception  of  the  central  \ein  usuallj  homogeneous  md  composed  of 
ctlls  containing  chloroph}ll  which  sometimes  project  above  the  surface  as  mamiU-B 
in  the  Sphaj,naceEe  and  L  ui.ob}\um  the  tissue  is  d  fferentiited  into  cells  containing 
a  r  and  others  which  (.ontiin  sip  and  chlorophill  arranged  m  a  definite  mnnner 

The  mode  of  branching  of  the  stem  of  Mosses  is  apparently  never  dichotomous, 
but  aho  prob-ibly  ne\er  axillarj  although  connected  with  the  leaves  Even  when 
the  branching  is  copious  the  number  of  kten!  shoots  is  nevertheless  usuall}  much 
smaller  than  that  of  the  leives  in  manj  cases  the  lateril  branches  ire  definitely 
limited  in  their  growth  leading  sometimes  to  the  formation  of  definite  ramified 
systems  simihr  to  pinnate  leaves  {Thmdwm  Hylocomiurti)  When  the  pnmary 
shoot  produces  reproductive  organs  at  the  summit  a  lateral  shoot  situited  beneath 
It  not  unfrequently  displijs  a  more  vigorous  growth  continumjf  the  vegetative 
sjstem  T,nd  bj  suth  mnovitions  sympodia  are  formed  It  sometimes  happens 
that  stolons  that  is  shooi«  either  dcblitute  of  or  furnished  with  very  small  leaves 
creep  on  or  beneath  the  surface  of  the  ground  ekvatng  themselves  at  a  later  period 
as  ereU  leafy  shoots  The  mode  of  branch  ng  is  very  various  and  is  closely  con 
nected  with  the  mode  ot  IiIl  The  moi phoiogical  origin  of  the  latertl  shoots  has 
been  caiefully  mvestigated  by  Leitffeb  m  the  case  o^  Fin/mahs  and  Sphagnum,  and 
admirablj  descnbed  Since  these  two  genera  belong  to  very  different  sections  the 
results  obtamed  m  this  cise  maj  be  considered  as  of  general  apphcation  to  the 
whole  class  They  agree  in  the  fact  that  the  mother  cell  (which  is  \t  the  same 
time  the  apical  cell)  of  a  brinch  ori^  nates  beneith  a  leaf  from  the  same  segment 
as  the  leat  (Fig  no)  In  Fontinahs  the  branch  arises  beneath  the  median  line 
of  the  leaf  but  in  Sphaanum  beneith  its  eathcdtl  hilf  In  cinsequence  of  the 
further  development  of  the  mother  shoot  the  hten!  shoot  n  Sphagnum  appears  at 
1  later  period  to  stand  bv  the  side  of  the  margin  of  -in  older  leaf  and  this  is 
piobably  the  explanation  of  the  earlier  stitement  of  Mettcnius  that  in  A  cktrt 
iumplanata  Hypnum  Inqurtrum  Racomihtum  lanescens  and  others  the  lateral  shoots 
stand  by  the  side  of  the  margins  of  the  leaves  When  the  shoot  arises  beneath 
the  median  hne  of  a  leaf  and  the  leaves  are  arianged  in  straight  rows  the  fuither 
growth  of  the  stem  ma)  cause  it  to  seem  as  if  the  shoot  originated  above  the 
median  hne  of  an  older  leaf  in  other  words  as  if  it  were  atillan  Leitgeb  states 
that  articulated  hairs  arise  in  the  genera  nimed  in  the  axils  of  the  leaves  or  perhaps 
more  coi  recti)  at  the  base  of  the  upper  surface  of  the  leai  es 

The  dimens  ons  attained  by  the  leaf  bearing  axes  and  axial  systems  of  Mosses 
show  a  wide  nnge  In  the  Phascacet  Bu\baumia,  and  others  the  simple  stem 
IS  ECircelj  I  mm  in  height,  m  the  largest  species  of  H\pnum  and  Pohtruhum 
It  la  not  unfrequently  2  3,  or  more  decimetres  m  length  and,  if  belong  ng  to 
more  than  one  axis,  even  longer  ovvang  to  the  formation  of  innovations  and  sjmpodia 
i^^fhi^ium)      The  thickness  of  the  stem  is  Xf^s  variable    i^j  mm  in  the  smallest, 
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I  d  h     h  k      f  Id  I       d         - 

11  h  fimf  ffai  yl  dpbf  g 

1     g  d      y 

Th    Roo  (Rh       i  }     1  y  m  ly    mp  p  h  my 

f  M  I  ly         1         h  J     b  1  f    h       ph  ^ 

hhj  pi         ipldlpd  hfniil  r 

la  g        mbe  1  hb  fh        mf         Ihg  mfl         ha 

d  dd   h  b  f  1      M    I  h  1  11}    h     h       d  h    ply  d  Id 

fmhp  d  Ubsefh  hhylk  pble 

ffmg  IfmTly  bl^  anfmhpfil 

11      f   1  1     g       b      p     1  g        1        d  m        d     y     bl  1  i      ; 

h  g  alhl  dplfhbe  hd 

gdbqlhfffl  11  mhk  d 

b  1  h  1  h  Tl  I  a 

d      bl     q  >      f  p        pi    m       d  d    p       f      1  (F         5      B)       I      m      • 

W  1  bh  plhg  hff  \      e 

bl     f  1  f  1      f   1      k    d        y  se  d  d  f, 

d  Iffg  \     A       /  dhPI- 

hl  hd  d  Ikl  df^he 
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surface  of  the  ground  from  the  time  that  the  ^p  res  becj)me  ripe  till  the  nc\t 
autumn,  when  the  root-hairs  again  produce  a  new  jrotonemi  and  upon  this  new 
stems  arise. 

Similar  outgrowths  from  the  roots  occur  also  according  to  Schimper,  m 
the  felted  protonema  of  some  species  of  Polylrtchum  {P  nanum  and  ah  des)  on 
the  slopes  of  hollow  roads,  and  on  that  of  Schislosk^a  osmundacea  m  dark  hollows 
The  root-hairs  may  also  immediately  produce  leaf  buds  and  bel  ive  m  this  respect, 
exactly  like  the  protonema.  When  the  buds  arise  on  uniergrouni  ramifications 
of  the  root-hairs  (Fig.  250,  B)  they  remain  in  a  dormant  state  as  smill  miuroscopic 


tulerous  bodes  {h  lb  I)  fille  1  h  reserve  food-material,  until  they  chance  to 
reach  the  surface  f  the  j,ro  nd  when  they  undergo  further  development  {e.g. 
Barhuli  mural  s  G  m  i  pul  aala  Ft  naria  hygrometrica,  Trichostomum  rigidum, 
Airchim)  The  afer  al  roo  bars  may  however,  not  only  produce  a  protonema 
c  niajnng  chlorophjll  but  also  leaf  buls  without  its  intervention;  and  Schimper 
ctes   the    remit  ble    tact  tha  D   ranum   undulatum   annual   male   plants  are 

formed  n  tl  s  anner  on  1  e  ufts  of  perennial  female  plants,  and  fertilise  the 
latter 

E  en   the    Sea  es    of  manj   Mo<ises  produce  a  protonema,  their   cells    simply 
gro     ng  ind    1  e  tub  s    hu^  formed  becoming  segmented.     This  occurs  in  Oriko-: 
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irichum  Lyelli  aViA  ohtusifolitim  ;  in  0.  phyllanthum  tufts  of  club-shaped  protonemal 
filaments  with  short  cells  arise  at  the  apex  of  the  leaves ;  and  the  same  phenomenon 
occurs  in  Gn'mmia  irichophylla  Syrrkopodon  and  Calymperes.  In  Oncophorus 
glaucus  T  dense  felt  of  interlacinf,  protonema  filaments  is  formed  at  the  summit 
of  the  plant  where  the  reproductive  organs  are  produced,  which  arrests  its  further 
growth  and  hence  produces  at  a  later  period  new  clumps  of  young  plants.  In 
Buxbaumia  especially  B  aphyUa  the  marginal  cells  of  the  leaves  form  a  pro- 
tonema  enveloping   them    as   well  as    the  stem   with   its  filaments.     Lastly,  even 


detached  leaves,  if  kept  moist,  may  emit  a  protonema,  as  for  instance  those  of 
Funaria  hygromelrica '. 

Gemma,  which,  like  those  of  the  Marchantiese,  are  stalked  fusiform  or  lenti- 
cular cellular  bodies,  occur  in  Aulacomnion  androgynum  at  the  summit  of  a  leafless 
elongation  of  the  leafy  stem  {Pseudopodium) ;  in  Ttlraphis  pellucida  enveloped  by  an 
elegant  cup  composed  of  several  leaves,  out  of  which  they  subsequently  fall.     These 

'  [It  lias  been  shown  by  Pringsheim  <Jairb.  fiir  wiss.  Bot.  XI)  and  by  Stahl  (Bot.  Zeit.  1S76) 
that  the  sterile  cells  of  the  sporogonium  and  of  the  seta  may  give  rise  to  protonema.] 
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latter  then  put  forth  protonemal  filaments,  which  produce  first  of  all  a  Hat  mem- 
branous protoneraa ;  and  upon  this  finally  new  leaf-buds  arise  (Figs,  251,  252). 

Finally  the  deciduous  branch-buds  of  Bryum  anmlinum  may  also  be  considered 
as  organs  of  reproduction ;  as  also,  according  to  Schimper,  may  the  branches  of 
Commitri-am  julianum  and  Cinclidotus  agua/icus,  which  likewise  have  the  power  of 
detaching  themselves. 

The  Sexual  Organs  of  Mosses  usually  occur  in  considerable  numbers  at  the 
end  of  a  leafy  axis',  surrounded  by  enveloping  leaves  often  of  peculiar  shape, 
and  mixed  with  paraphyses,  and  the  whole  group  of  organs  may,  for  the  sake  of 


brevity,  b  all  d  a  Receptacle.'  The  receptacle  of  Mosses  either  terminates  the 
growth  f  a  p  m  y  axis  (Acrocarpous  Mosses),  or  the  axis  is  indeterminate,  and 
the  recej  1  pi  d  at  the  end  of  an  axis  of  the  second  or  third  order  (Pleuro- 
carpous  M  )  W  hin  a  receptacle  either  both  antheridia  and  archegonia  are 
produced  (b       u  I  ptacles).  or  it  contains  only  one  kind  of  sexual  organ,  and 

ihe  recep  1  m  j  1  n  be  either  moncecious  or  dicecious.  Sometimes  the  male 
receptacles  appe  r  o  mailer  plants  with  a  shorter  duration  of  life  {as  Funaria  kygro- 
melrica,  Dicranum  unJulaium,  &(,.).     In  external  appearance  the  bisexual  are  similar 


aiiches  ot  Sphagnum  Coin 


xception  (vidi  mfr^). 
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to  the  female  receptacles,  while  the  habit  of  the  male  receptacles  is  altogether 
different.  In  the  former  the  archegonia  and  antheridia  occur  either  close  to  one 
another  at  the  summit  of  the  stem  in  the  centre  of  the  envelope  (Peruhstium), 
either  in  two  groups,  or  separated  by  peculiar  enveloping  leaves,  and  the  antheridia 
stand  in  the  axils  of  these  arranged  in  a  spiral,  surrounding  the  central  group  of 
archegonia.  The  form  of  the  perichjetium  is,  in  the  female  and  bisexual  receptacles, 
that  of  an  elongated  almost  closed  bud,  formed  by  several  turns  of  the  leaf-spiral.  Its 
leaves  are  similar  to  the  foliage-leaves,  and  become  smaller  towards  the  interior,  but 
grow  all  the  more  vigorously  after  fertilisation.  The  male  perichsetium  consists  of 
broader  firmer  leaves,  and  is  of  three  different  forms ;  usually  it  is  bud-shaped,  and 
resembles  that  of  the  female  receptacle,  but  is  shorter  and  thicker,  its  leaves  often 
coloured  red,  and  decreasing  in  size  towards  the  outside ;  receptacles  of  this  type  are 
always  lateral.  Secondly,  the  male  perich^etia  are  sometimes  shaped  like  capitula,  and 
are,  on  the  contrary,  always  terminal  on  a  stouter  shoot  and  globular ;  their  leaves  are 
broadj  sheathing  at  the  base,  thinner  and  recurved  at  the  upper  part ;  they  become 
smaller  towards  the  interior,  and  leave  the  centre  of  the  receptacle,  with  the  anthe- 
ridia, free ;  these  receptacles  are  sometimes  borne  on  a  naked  pedicel,  a  prolonga- 
tion of  the  stem  (Splacknum,  Tayloria).  Finally,  the  male  p  e  h-e  a  a  e  som  t  n  es 
discoid  and  consist  6f  leaves  which  are  very  different  from  the  fo  age  le  ves  hey  a  e 
broader  and  shorter,  expanded  horizontally   at 

the  upper  part,  delicate  and  of  a  pale  green,  ^^^ 

orange,  or  purple  colour ;  they  are  always  smaller  ■^^^^^wm 

the  nearer  the  leaf-spiral  approaches  the  centre  ;  m^^^-^yi^ 

the  antheridia  stand  in  their  axils  (Mnr'um,  Poty- 
irichum,  Pogonaium,  Dawsonia).  The  para- 
physes  stand  between  or  by  the  side  of  the  sexual 
organs ;  in  the  female  receptacle  they  are  always 
articulated  filaments  ;  in  the  male,  filiform  or 
spathulate,  and  consisting,  in  the  upper  part, 
of  several  rows  of  cells. 

The  Antheridia  are,  when  mature,  stalked 
sacs  with  a  wall  consisting  of  a  single  layer  of 
cells  contmning  chlorophyll  -  granules,  which 
however,  in  the  ripe  state,  assume  a  red  or 
yellow  colour.  In  the  Sphagnaceae  and  in  Bux- 
baumid  the  antheridia  are  nearly  spherical,  but 
in  all  other  Mosses  of  an  elongated  club  shape. 
In  the  Sphagnacete  they  open  in  the  same 
manner  as  in  the  Hepaticfe;  in  the  other  orders 
by  a  slit   across   the  apex,  through  which  the  , 

antherozoids  still  enclosed  in  their  mother-cells       !^h^ou"'!Sire'!ira"«i'y'™nyidf4''i"ih* 
are   discharged  as   a    thick    mucilaginous  jelly.        o^imiT""'  '  ^"  '""""™'^  "'  peiyiruhH^ 
The  interstitial  mucilage  dissolves  in  water,  and 
the  antherozoids  escape  from  their  mother-cells  and  swim  about  free. 

The  careful  investigations  of  Leitgeh  show  that  the  morphological  significance 
of  the  antheridia  is  very  various.     In  Sphagnum  the  mother-eel!  of  the  antheridium 
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aiises  in  e^ixctH  the  [hce  in  \\hiLh  a  branch  ttoul  i  Ltherwise  be  formed 
3  e  from  Ihe  begment  of  the  axis  whioh  lies  beneath  the  nthodal  half  of  the 
leaf  the  anthendia  may  m  this  case  be  considered  as  metamorphobed  branches 
In  Fonhnahs  on  the  other  hand  their  morphological  significince  \ires  within 
the  same  reci-ftacle  tht  one  first  formed  is  the  immediate  prolongation  of 
the  axis  of  the  shoot  -ins  ng  from  its  apical  cell  the  succeeding  ones  are 
developed  from  its  last  normil  'iegments  and  therefore  resemble  leaies  in 
their  ongn  and  position  the  last  antheridn  finally  exhibit  the  morphological 
characters  of  trichomes  both  in  their  vanablt  number  their  development  as  cells 
of  the  epidermis  ani  the  want  of  dehniteness  in  their  place  of  origm  According 
to  KUhn  Andrera  behaves  in  precisely  the  same  waj  as  rontinahs  The  mother  cell 
of  the  anthendium  of  F  titmahs  is  constituted  as  an  apcil  cell  formmg  two 
alternatmg  rowa  of  segments  in  forming  the  oldest  and  terminal  anthendium 
the  apical  cell  changes  Irom  a  Irisenate  to  a  biseriate  segmentation  These  seg- 
ments are  next  divided  bj  tingential  walls  in  'iuch  a  manner  thit  the  transverse 
section  {which  meets  tno  segments)  of  the  toung  orq:an  shows  four  outer  and 
two  inner  cells  the  wall  of  the  anthendium  one  cell  m  thickntss  anses  from 
the  former  bj  further  divimon  the  small  celled  tissue  which  produces  the  anther 
ozoids  from  the  latter  Andr  a.%  behaves  also  very  simlarlv  in  thest  respects  the 
primary  mother  cell  of  the  anthendium  apje-trs  as  a  pap  Ha  and  is  cut  off  by  a 
septum  the  loner  cell  produces  a  cushion  like  supjcrt  the  upper  cell  is  again 
dnided  bv  a  septum  into  a  lower  cell  from  the  diMMons  of  which  the.  tissue  of 
the  stalk  is  formed  and  an  upper  cell  out  of  which  the  bod;  of  the  anthendium 
arises  the  formation  of  the  lattei  takes  place  in  the  same  manner  is  m  Fontinabs 
In  Sphagnum  the  long  stalk  onginates  b\  transverse  divsons  of  the  growing 
papilla  which  produces  the  anthendium  the  segments  dividing  a),am  in  a  cruciform 
manner  The  terminal  cell  then  swells  and  becomes  dividel  by  obUque  walls  of 
■somewhat  irregular  position  a  tissue  s  thus  formed  which  at  a  subsequent  period 
consists  also  of  i  wall  formed  of  a  single  lajer  of  cells  and  an  inner  very  small  ceUed 
tissue  which  produces  the  antherozoids 

The  A.rchegonium  consists  when  mature  of  a  masve  moderate!}  long  ba'ie 
■which  supports  a  roundish  ovoid  ventral  poition  above  tfis  rises  a  long  thm  neck 
generally  t\visted  on  its  axis  The  wall  of  the  ventral  portion  which  consists  even 
before  fertilisation  of  a  double  lajer  of  cells  pisses  up  cjntmuously  mto  the  wall  of 
the  neck  consisting  of  a  single  lajer  of  cells  formed  of  from  4  to  6  rows  {Fig  "56) 
Together  the}  enclose  an  axial  row  of  cells  the  low  est  of  which  ov  id  and  lying 
in  the  ventral  portion  produces  the  oosphere  and  the  ventral  canal  cell  the  upper 
cells  being  the  canal  cells  of  the  neck  These  and  the  ventral  canal  cell  become 
mucilaginous  before  fertilisation  This  mucilage  forces  the  four  uppermost  cells 
(stigmatic  cells)  of  the  neck  apart  and  thus  opens  the  canal  of  the  neck  allowing 
the  antherozoids  to  penetrate  to  Che  oosphere  Fig  "56  S  shows  the  row  of 
canal  cells  at  the  period  when  d  sorgan  sation  is  beginning  and  when  the  stigmatic 
cells  of  the  neck  are  still  closed  In  reference  to  the  morphological  significance 
of  the  archegonia  Leitgeb  has  alreal)  shown  that  at  least  the  first  archegonium 
of  Sphagnum  anses  immediately  from  the  apical  cell  of  the  female  shoot  more 
recently  Ktihn  found  that  in  4ndrcFi  the  first  is  formed  from  the  apicai  cell  the 
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1  m  h    same  manner  as  the  anthendu  of 

1  i  R  i  I        A  F    tmahs      According  to  preparaltons 

d  h     1  bo        )  Wurzburg    the    first   archegonium 

M  f  1        p     1     ell  of  the  shoot 

n     f    h        11  he  deielopment  of  the  archeeonium 

has  been  studied  by  Kiihn  in  Andreaa,  and  by  Janczen  ski  in  the  Phascaceae  Brj  ine'B, 
and  in  Sphagnum.  As  in  the  Liverworts  so  here  also  the  whole  archegonium  is 
derived  from  an  outgrowth  of  a  superficial  cell  of  the  pumliim  e^eiahoim  This 
is  divided  by  a  transverse  wall  {rnm,  Fig,  355  4)  so  as  to  form  a  lower  cell 
{corresponding  to  the  pedicel  of  the  Liverworts)  and  in  upper  external  cell    in 


hi  h    S  h 


Th 


which,  as  in  the  corresponding  cell  of  the  antheridium,  two  oblique  walls  inclined 
in  opposite  directions  appear.  The  two  oblique  cells  thus  cut  off  give  rise,  at  a 
later  period,  to  the  tissue  of  the  lower  part  of  the  ventral  portion  of  the  archegonium, 
which  is  here  more  developed  than  in  the  Liverworts  (Fig.  256,  5).  The  upper 
cell  undergoes  the  same  divisions  as  it  does  in  the  Liverworts;  the  mode  of 
formation  of  the  ventral,  wall  and  of  the  central  cell  is  the  same  in  this  group  as 
in  that;  but  the  formation  of  the  neck  is  here  quite  different.  Whereas  in  the 
Liverworts  the  first  transverse  division  of  the  internal  cell  produces  an  upper,  cell 
wliich  at  once  represents  the  '  stigma'  of  the  archegonium,  the  cell  thus  formed 
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in  this  group  acts  lil^e  an  apical  cell  giving  rise  b)  a  '.er  es  of  longitu  linal  divis  ons 
to  several  tiers  of  cells  each  tier  con'iibtmg  of  three  e\lcrnal  celh  and  an  internal 
canal  cell  anl  in  other  respects  resembling  the  single  ter  of  neck  cell  forme  1  in 
the  Lnerworts  In  this  w  ij  a  long  ind  sub  cquently  twisted  neck,  is  formed, 
consisting  of  six  external  rows  of  cells  invest  ng  the  central  row  of  canal  cells 
Below  the  cells  forming  the  neck  become  conf  nuous  with  the  will  of  the  ventral 
portion  of  the  archegnn  um  which  consists  usually  of  t  \o  (four  in  Sfhagnum)  lasers 
of  celh  The  central  cell  which  makes 
Its  appearance  here  eirlter  than  n  the 
LnerworEs  becomes  divided  bj  a  trins 
terse  wal!  ii  to  an  upper  cell  the  ventral 
canal  cell  and  a  lo«er  cell  the  p  oto 
plasm  of  uhich  contracts  and  forms  the 
oosphere  (Fig  '"^6  B)  The  conversion 
mto  mucilage  of  the  canal  cells  and  the 
openmg  of  the  i  eck  tike  place  in  the 
SAme  manner  as  in  the  Liverworts 

The  Spoto  on  um  which  results  from 
the  fertilised  oosphere  attains  in  Spha^ 
Tium  almost  perfect  development  within 
the  activel}  growing  ventral  porfirn  of  the 
archegonium  which  becomes  transformed 
into  the  caljptra  but  in  all  other  Mosses 
the  cahptra  is  torn  awaj  from  the  vagi 
nula  at  its  base  b}  the  elongaton  of  the 
sporogonium  usualh  long  before  the  de 
\tloinient  of  the  spore  capsule  and  (et 
cept  in  Ar  hi  hum  and  its  allies)  is  ra  sed 
up  ai  a  cap.  The  neck  cf  the  arche 
gonium,  the  walls  of  which  assume  a  deep 
red  brovin  colour,  still  for  some  time 
crowns  the  apex  of  the  calyptra.  The 
sporogonium  of  all  Mosses  consists  of  a 
stalk  (the  Seld),  and  the  spore-capsule 
(Theca  or  Urn);  but  the  former  is  very 
short  in  Sphagnum,  Andreaa,  and  Archi- 
dium,  longer  in  most  other  genera,  and  with  its  base  planted  in  the  tissue  of 
the  stem,  which,  after  fertilisation,  grows  luxuriantly  beneath  and  around  the 
archegonium,  forming  a  sheathlike  investment,  the  Vaginula.  The  unfertilised 
archegonia  may  frequently  be  seen  on  the  exterior  slope  of  the  vaginula,  since 
only  one  archegonium  is  usually  fertilised  in  the  same  receptacle,  or  it  is  only 
in  the  one  first  fertiUsed  that  an  embryo  is  developed.  The  capsule  has  in 
all  Mosses  a  wall  consisting  of  several  layers  of  cells  and  a  .distinct  epidermis  which 
sometimes  possesses  stomata';  the  whole  of  the  inner  tissue  is  never  used  up  in 
'  The  stomala  upon  the  capsules  of  Mosses  are  peculiar,  as  Schimper  has  showi,  in  that  (he 
mother-cell  of  a  stoma  is  not  divided  into  two  guard-cells,  for  the  liividing  wall  does  not  eilend 
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the  formation  of  spores  tven  whei  as  in  Ai  hidium  it  is  ubsequently  suppl-mtcd 
by  them  i  Iirge  part  of  iht  central  tisstie  remains  as  the  so  cilled  Colum  II i  and 
It  is  at  the  c  fcumference  of  this  that  the  moll  et  cells  of  the  spores  are  formed 
The  structure  of  the  mature  cap  ule  ani  especiallj  the  contrnances  for  dif.[.er&  ng 
the  spores  are  honeier  ^o  different  in  the  \arious  pnnc  pal  sections  of  Mosses 
that  It  will  be  better  to  consiler  them  more  ckselv  separatelj  and  the  more  so 
because  bj  this  means  we  shall  it  the  same  time  arri\e  at  the  di  tinctive  characters 
of  the  larger  natural  sj&tematic  groups 

'  In  the  mode  of  origin  of  the  sporogonium  there  is  as  mi  ^ht  be  evpected 
less  \arietj  [The  oospore  is  first  ot  all  clothed  with  a  cell  wall  continues  to  grow 
consderabh  and  is  then  divided  by  a  horlz^ntal  or  slightly  oblique  wall  {l-nil 
uall)  The  Xo^tt  {hyp  has  it)  of  these  two  cells  undergoes  only  one  or  two  divisions 
and  as  in  Jungermannie'e  contnbutes  but  little  to  the  formation  of  the  embrjo 
The  upper  {epibasal)  cell  gives  rise  to  the  capsule  and  the  &eta  a  two-sided  apical 
cell  IS  formed  in  it  by  means  of  tw  o  obi  que  divis  ons  ]  Hofmeister  asserts  that  in 
Bryum  argenkum  the  upper  cell  {that  facing  the  neck  of  the  archet,onium)  is  divided 
once  or  tw  ce  by  horizontal  septa  before  the  first  obi  que  di\is  oi  while  in  Phascum 
and  Afidreaa  this  oblique  septum  is  formed  immediatelv  after  the  first  hor  zontal  one 
The  apical  cell  now  forms  two  rows  of  sej^ments  by  pait  tion  wills  inclined  alter- 
nately and  these  segments  are  next  divided  by  ridial  vertical  walls  followed  by 
further  numerous  transverse  divisions  B>  tins  process  the  joting  sporogonium  is 
transformed  into  a  multicellukr  bodj  which  is  usually  fu  iform  the  lower  end  not 
participating  in  the  growth  in  length  A  swelling  of  this  lower  end  such  aa  usuall) 
occurs  m  Hepaticte  takes  place  also  in  certain  cases  such  as  Sfhagnum  Archidium 
and  Phascum  The  apex  of  the  sporogonium  now  becomes  inactive  and  beneath  it 
the  capsule  is  formed  as  a  spherical  ovcid  cylindrical  or  frequei  tly  unsjmmetncal 
swelling  which  originates  n  the  t)pical  Mosses  onl)  after  the  elongation  of  the 
fusiform  or  cylindrical  spor  gonmm  and  after  the  raising  up  of  the  cilyptra  The 
internal  differentiation  of  th  a  mass  of  tis'^ue  at  first  homogeneous  gives  rise  to 
the  vanous  iis'^ues  which  compose  the  capsule  of  M  sses  and  especiallj  to  the 
mother  cells  of  the  spores  which  first  of  ill  become  isolated  and  then  dnide  so 
as  to  form  four  spores      The  contents  of  the  mother  cell  begin   to    divide    into 


completely  across  it ;  it  forms  simply  &  trabeeula  between  the  outer  and  the  inner  wall,  which  splits 
into  two  lamella.     Between  these  is  the  opening  of  the  stoma. 

'  [The  embryology  of  Mosses  is  treated  of  in  the  following  worlts.  Hofmeister,  On  the  higher 
Cryptogamia,  Ray  Soc.  r86i, — Schimper,  Rech.  anat.  et  physiol.  aur  les  Monsses,  1848.— Kiihn, 
Enlwick.  d.  Andre^aceen,  Boc.  Mittheil.  von  Schenk  und  Liierssen,  1874  — VoHcfc,  Entwick.  d.  Sporo- 
goniuma  von  Orlholrichmn,  Sitzber.  d.  Wien.  Akad.  1876  — Leitgeb,  Das  Sporogon  yon  Arehidhan, 
ibid.  187c). — Kienitz-Gerloff,  Bot.  Zdtg.  1878.  It  appears  that  the  tissue  of  the  sporogonium  presents, 
at  an  early  stage,  a  differentiation  into  an  amfhilherium,  from  which  the  wall  of  Ihe  capsule  and  of 
the  spore-sac  are  derived,  and  a  central  endolhecnim,  corresponding  to  the  future  columella  and 
sporogcnous  layer,  Leil^eb  has  however  pointed  out  that  in  the  Sphagnaceie  the  sporogenous  layer 
is  probably  derived  from  the  amphithecium.  It  is  of  interest  to  note  also  that,  as  Goebel  has 
pobted  out,  the  spores  of  certain  Vascular  Cryptogams  are  developed,  like  those  of  Mossezi,  from  a 
layer  of  cells  {arciispoi-innij,  {vide  infra,  p.  388).  The  development  of  the  spores  from  a  layer  of  cells 
occurs  also  in  the  developing  sporogonia  of  some  Liverworts:  it  is  distinct  in  Anihoceros,  less  so  in 
the  JungermannieEe,  still  less  in  the  Marchantiese,  and  does  not  take  place  in  Riccia.'] 
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two,  but  this  bipartition  is  usually  not  compleled,  the  division  into  four  taking 
place  at  once.  The  preparation  for  the  formation  of  spores  takes  place  simulta- 
neously everywhere  within  the  same  capsule.  The  ripe  spores  are  roundish  or 
tetrahedral,  surrounded  by  a  thin  finely  granulated  exospore,  which  is  of  a  yellowish, 
brownish,  or  purple  colour.  Besides  protoplasm,  they  contain  chlorophyll  and 
oil.  In  Arckidium,  where  only  sixteen  are  formed  in  each  capsule,  they  are 
about  i  mm.  in  size,  in  the  highly  developed  Damsmia  scarcely  ^^  mm.  (Schimper). 
When  kept  dry  the  spores  often  retain  their  power  of  germination  for  a  long  time, 
but  when  moist  they  frequently  germinate  after  a  few  days,  those  of  Sphagnum 
after  two  or  three  months. 

The  time  necessary  for  the  formation  of  the  sporogonium  varies  greatly  in  the 
different  species,  but  is  usually  very  long  in  comparison  with  the  small  size  of  the 


body  concerned.  The  Potties  blossom  in  summer,  and  ripen  their  spores  in  the 
winter;  the  Funariere  are  perennially  in  blossom,  and  have  constantly  sporogonia  in 
all  stages  of  development,  each  occupying  for  its  completion  probably  2  to  3  months ; 
Phascum  cuspidalum  developes  in  the  autumn  from  its  perennial  underground  proto- 
nema,  and  ripens  its  spores  in  a  few  weeks  before  the  winter.  The  bog  Hypna,  on 
the  other  hand  {H.  giganieum,  cordifoUum,  cuspidaium,  niiens,  &c,),  blossom  in  August 
and  September,  and  ripen  their  spores  in  July  of  the  next  year;  they  often  require 
ten  months  for  the  development  of  their  sporogonia.  H.  cupressiforme  bears  in 
autumn  at  the  same  time  sexual  organs  and  ripe  spores,  and  hence  requires  one  year. 
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The  same  lenglh  of  time  is  required  by  Philonolis,  and  by  some  species  of  Bryum 
and  some  of  Polylrichum  which  blossom  in  May  and  June '. 

Mosses  may  be  distributed  naturally  into  four  parallel  orders ; — 

1.  SphagnaceEe, 

2.  Andre^acBie, 

3.  PhascaeeEC, 

4.  Bryacere  (True  Mosses). 

Of  these  the  first  includes  a  single  genus,  the  second  and  third  only  a  few ;  the  fourth  all 
the  remaining  extremely  numerous  genera.  The  first  three  groups  recall,  in  many 
respects,  the  Hepatlctc ;  even  the  series  of  true  Mosses  commences  with  some  genera 
which  still  rcsembie  that  class ;  the  lowest  forms  of  all  the  groups  exhibit  many 
resemblances  which  are  wanting  in  the  most  highly  developed.  We  have  therefore  four 
diverging  series. 

I.  The  Sphagnaces^  include  only  the  'Single  genus  Sphagauin.  When  the  spores 
germinate  in  water,  a  branched  protonema  is  deieloped,  on  which  the  leaf-buds  imme- 
diately appear  laterally  (Fig,  258,  C). 
On  a  solid  substratum,  on  the  other 
hand,  the  short  protonema  forms  first 
of  all  a  branching  flat  protonemal 
expansion  (Fig.  259),  on  which  (as 
in  Tetrapbii)  the  leaf-buds  appear. 
The  leafy  stems  produce  root-hairs 
only  in  the  young  state.  The  abun- 
dant protonema  of  true  Mosses  is 
entirely  wanting.  The  stem,  as  it 
increases  in  strength,  produces  later- 
ally, by  the  side  of  every  fourth  leaf, 
a  branch,  which,  even  at  the  very 
earliest  period,  is  again  much  divided; 
tufts  of  branches  arranged  regularly 
thus  arise  which  form  a  compact  mass 
at  the  summit  of  the  stem,  but  lower 
down  are  more  distant  from  each 
other.  The  separate  branches  de- 
velope  in  different  ways;  one  is  pro- 
duced each  year  beneath  the  summit 
after  the  ripening  of  the  fruit,  and 
developes  in  a  similar  manner  to  the 
primary  stem,  growing  up  along  with 
the  prolongation  of  the  latter,  so  that 
each  year  a  false  dichotomy  takes 
place  on  the  stem.  These  innovations 
afterwards  become  separated  by  the  p,,^  i«o.— v*^"-™  acMiibnai,  ■  part  of  ihe  stem  beio-  ih 

slow    decay    of   the    plant    advancing  >P='1  ""  "licmde  tranches,  *  leaves  of  aeprtoisry  stem  if*  perl- 

from  below,  and  constitute  indepen-         xs-s).  "'*'    =p''"'e^""^      "    =  ""p"' 

dent  plants.  Some  of  the  branches  of 

each  tuft,  however,  turn  downwards,  become  long,  slender,  and  finely  pointed,  and 
are  closely  applied  to  the  primary  stem,  forming  a  dense  envelope  around  it;  while  other 

'  Kling^raff,  Bot.  Zeitg,  i860,  p.  344. 

'  W.  P.  Schimper,  Versuch  einer  Entwickeluugsgesduchte  der  Torfmoose.  Sluttgart  1858  (with 
many  beautifiil  plates).  [Russow,  Beitr.  z.  Kenntn.  d.  Torfmoose,  1S6;.— Leilgeb,  Wachsthum.  des 
Stammes  and  Entwickelung  der  Antheridien  bei  Sphagnum,  Sitzber.  d.  Wien.  Akad,  1869.] 
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branches  of  each  tuft  turn  outwards  and  upwards.  The  leaves  spring  from  the  stem  and 
the  branches  from  a  broad  base,  and  are  usually  arranged  with  a  divergence  of  ^;  they  are 
tongue-shaped  or  apiculate,  and,  with  the  exception  of  the  first  on  the  young  stem,  are 
composed  of  two  kinds  of  cells  arranged  regularly.  The  young  leaf  necessarily  consists 
of  homogenous  tissue ;  but  as  the  development  progresses  the  cells  of  the  veinless  lamina 
become  differentiated  into  large  broad  cells  about  the  shape  of  a  long  lozenge,  and 
into  narrow  tubular  cells,  running  between  the  former,  bounding  them,  and  connected 
with  one  another  into  a  network;  they  are,  as  it  were,  squeezed  in  among  the  larger 
ones.  The  larger  cells  lose  the  whole  of  their  contents,  and  hence  appear  colourless; 
their  walls  show  irregular  narrow  spiral  bands  with  the  turns  some  distance  apart,  as  well 
as  large  dots,  each  of  which  has  a  thickened  edge,  while  the  part  of  the  cell-wall  which 
closes  the  dot  is  absorbed.  Large,  usually  circular  holes,  are  thus  formed  in  the  cell-wall 
of  the  colourless  cells.     The  intermediate  tubular  narrow  cells  retain  their  contents, 


wJ  -W 


form  chlorophyll-granules,  and  thus  constitute  the  functional  tissue  of  the  leaf,  the 
entire  area  of  which  is,  however,  smaller  than  that  of  the  colourless  tissue  (Fig.  261). 
The  stems  consist  of  three  layers  of  tissue,  the  innermost  of  which  is  an  axial  cylinder  of 
thin-walled,  colourless,  elongated,  parenchymatous  cells;  it  is  enveloped  by  a  layer  of 
thick-walled,  dotted,  firm  (lignified  !),  prosenchymatous  cells,  with  their  walls  coloured 
brown.  The  epidermal  tissue  of  the  stem,  finally,  consists  of  from  i  to  4  layers  of  very 
broad  thin-walied  empty  cells,  which,  in  S.  cjmbifolium,  possess  spiral  thickenings  and 
round  holes  similar  to  those  of  the  leaves  {cf.  Fig.  8 1).  These  colourless  cells,  both  those 
of  the  leaves  and  of  the  epidermal  layer  of  the  stem  and  of  the  branches,  serve  as  a 
capillary  apparatus  for  the  plant,  through  which  the  water  of  the  bogs  in  which  it  grows 
is  raised  up  and  carried  to  the  upper  parts;  hence  it  results  that  the  Sphagna,  which 
always  grow  erect,  are  penetrated  with  water  to  their  very  summits  like  a  sponge,  even 
when  their  tufts  stand  high  above  the  surface  of  the  water. 
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The  archegonia  and  antheridia  of  Sphagnum  arise  on  the  fascicled  branches,  as  long 
as  they  are  still  near  the  summit  of  the  primary  stem  and  belong  to  the  terminal  tuft. 
The  time  of  bearing  them  is  mostly  in  autumn  and  winter,  but  is  not  exclusively  confined 
to  these  periods.  The  antheridia  and  archegonia  are  always  distributed  on  different 
branches,  sometimes  even  on  different  plants,  and  in  this  case  the  male  and  female  plants 
form  large  distinct  patches.  When  the  primary  stem  does  not  continue  to  grow  during 
the  development  of  the  sporogonia  in  consequence  of  dry  weather,  these  are  to  be  found 
on  the  branches  of  the  terminal  tuft  at  a  later  period  ;  but  when  the  supply  of  water  is 
great  and  vigorous  increase  of  length  takes  place,  the  fertile  branches  become  separated 
from  one  another,  and  are  subsequently  found  lower  down  on  the  stem ;  the  sporogonia 
and  older  male  branches  are  thus  removed  to  a  distance  from  the  summit,  although 
at  the  time  of  their  development  they  stand  near  it.  The  branches  which  bear  the 
antheridia  are  generally  conspicuous  externally  by  their  imbricated  leaves  forming  beauti- 
ful densely  crowded  orthostichies  or  spiral  parastichies ;  the  leaves  are  generally  yellow, 
bright  red,  or  especially  dart  green,  and  can  hence  be  easily  recognised  {Fig.  260,  a  a). 
The  antheridia  stand,  on  the  r 
terminal,  and  are  found  only  in 
p  rt   fth        II        h  t    d    gbe    1 

hlfthnlb       hnyth      f 


t  th 


Th 


m  d     n  fl  g  "  t 

p     t  f  th        th     d  d    1 1! 

th  dhfm       digpedl         '^ 

th    '<pl   g        K  t        =«mbl       m    j     g 
ma       ^     th     n    d  wh    h  tl   y     p 

(F  g     6  )         II    th    H  p  t   * 
th       th     t        M  Th  h  g 

arise  at  the  blunt  end  of  the  female  branch, 
the  upper  leaves  of  which  form  a  bud-like 
envelope ;  but  the  young  perichstial  leaves 
are  still  contained  within  this  at  the  time 
of  fertilisation,  although  they  afterwards 
become  further  developed.  The  archegonia 
are  exactly  like  those  of  the  rest  of  the 
Mosses;  several  of  them  are  usually  fertilised 
in  one  periehjctium,  but  only  one  perfects 
its  sporogonium.  The  development  of  it 
occurs  within  the  perichietium  ;  the  summit 
of  the  branch  then  begins  to  elongate ;  it 
grows  out  into  a  long  naked  receptacle,  and 
elevates  the  sporogonium  contained  in  its 
calyptra  high  above  the  perichztium.  This 
so-called  Pstudapodiam  must  not,  therefore, 
be  confounded  with  the  seta  of  other  Mosses 
{see  Andre^eaceK).  At  Fig.  j6j,  B,  is  shown 
in  longitudinal  section  the  nearly  ripe  spo- 
rogonium developed  within  the  calyptra. 
Its  lower  part  forms  a  thick  base  imbedded 
in  the  end  of  the  pseudopodium  which  is  transformed  into  the  vaginula.  The  spore- 
mother-cells  are  formed  from  a  cap-shaped  layer  of  cells  beneath  the  apex  of  the 
spherical  theca;  the  part  of  the  inner  tissue  which  is  found  beneath  it  forms  a  low 
nearly  hemispherical  column,  which  is  in  this  case  also  termed  the  columella,  although 
it  is  distinguished  from  the  columella  of  true  Mosses  by  not  reaching  to  the  apex  of  the 
theca.    The  mode  of  the  formation  of  the  spores  from  the  mother-cells  resembles  that 
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of  true  Mosses;  but  there  occur  besides  the  nrdinarj  fUrge)  sforc;  also  smaller  pores 
in  special  smaller  sporogonia,  «bich  owe  the  r  ongin  to  a  further  di  ision  ot  the  mother- 
cells  {cf.  Fig,  25S,  B).  The  theca  openi  by  the  detachment  as  a  lid  ot  the  upper  seg 
ment  of  the  wall  of  the  spherical  capsule  wh  ch  is  sometimes  mjre  stroi  j,ly  con\ex 
The  calyptra,  which  closely  surrounds  the  groumg  sporogonmm  as  a  fine  envelope  is 
ruptured  irregularly. 

3.  The  Andre«a«effi'  are  small  cespitose  Mosses  which  are  lerj  leafy  ind  much 
branched;  their  very  shortly  stalked  theci  3  elevated  t:  in  Sfbagnuii  above  the 
perichxtium  on  a  leafless  pseudopodiuni  The  long  dptuhte  theti  raises  up  the 
calyptra  in  the  form  of  a  pointed  cap,  as  in  the  true  Musses,  while  the  short  seta 
remains  buried  in  the  vaginula.  The  body  of  the  young  sporogonium  becomes  diiferen- 
tiated  into  a  parietal  tissue  consisting  of  several  layers  which  surrounds  the  simple  layer 
of  the  spore-mother-cells  without  any  intermediate  cavity,  and  a  central  mass  of  tissue, 
the  columella :  in  the  same  manner  as  in  the  Sphagnacex,  the  layer  of  cells  which 
produces  the  spores  is  bell-shaped  and  closed  above,  the  columella  terminating  beneath 


it.     The  ripe  th        d  t     p       h>  p         1  m    b  t  by  f        1     g  t    !      1     I  t       t 

the  sides ;   four      1  ih      f         d         t  d     t  th       p  d    t  th     b  h    h 

closed  in  damp,  b  t    p  i  y  w    th 

i.    The  Pha  ta  m  11  M     ses   th      h  rt    t  m        m         g    tt    I    d  t     th 

protonema  until  th      p  p      th  y  m  >  b  I      d       th    1         t  f  t  th 

following  group,  wh  ch  the  genus  Pha^cum  forms  the  transition.  They  are,  however, 
all  distinguished  by  their  theca  not  opening  by  an  operculum,  but  allowing  the  escape 
of  the  spores  only  by  its  decay.  While  in  the  genera  Pbascum  and  Epbemerum''  the 
internal  differentiation  of  the  theca  corresponds  essentially  to  that  of  true  Mosses, 
although  more  simple,  the  genus  jirchidium  displays  a  more  considerable  deviation, 
and  as  an  interesting  transitional  form  may  be  examined  a  little  more  closely  ^     The 

■  J.  Kiihn,  Zur  Entwiekelungseeschichte  der  Andrefcaceen.     Leipzig  1870. 
=  J.  Miiller,  in  Jahrbuch  fur.  wiss.  Bot.  1867,  vol,  VI.  p.  237. 

'  Mofmeiater,  in  Eericht  der  konigl.  ^chsich.  Gesellsch.  der  Wiss.  1854,  April  21.      [See  also 
Leitgeb,  Das  Sporogon  von  Archidmm,  Sitzber.  d,  Wien.  Akad.  1879.      He  shows  that  the  mother- 
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very    short   seta  of  th       p      g 
roundish  theca  rupture  th       lypt     1  t 
agrees  with  the  true  M  th    1 

running  parallel   to   it     1  t      1        f 
of  tissue.     The  latter    ppe  rs  as  I 

wall  of  the  theca.  Bu  hi  th  t 
cellular  space  produce  th  p  ni 
eccentrically  in  the  in  ass     f  t 

the  spores  (Fig.  264,  ^)      It  gr  w 
it  lies  free  in  the  holl         f  th    tl 
produces  four  spores.    Tl         II    t  th 
sixteen  spores  grow,  a  d  fill     p  th 
is  also  absorbed  [Fig.     65) 
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1  va)      opens   by   the   de- 

1         s  either  simply   and 

1  )       of  epidermal  cells 

U    g  of  their  inner  walls, 

A  St    bmmonly,  after  the 

hed  with  appendages 

w      the  separate  append- 

m       if  the  peristome  is 

t  first  a  solid  homo- 

!       w  th  the  formation  of 

f  th     theca  consisting  of 

d  below  to  the  colu- 


cells  of  the  spores  are  not  derived  from  a  single  primary  cell, 
cells  (1-7)  are  developed  independently,  each  of  which  gives  lis 
quiie  irregularly. 
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mella.  The  intercellular  space  is  traversed  by  rows  of  cells  which  stretch  across  from 
the  wall  of  the  theea  to  the  inner  mass  of  tissue;  they  resemble  most  nearly  proto- 
nemal  filaments,  or  those  of  AlgsE,  but  hive  been  formed  by  simple  differentiation  of  the 
tissue  of  the  theca.  They  contain  chlorophyU -granules  like  the  inner  cell-layers  of 
the  wall.  The  outer  layer  of  the  vtall  of  the  theca  is  developed  into  a  very  character- 
istic epidermis  strongly  cuticularised  externally.  The  third  or  fourth  layer  of  cells  of  the 
inner  mass  of  tissue,  which  is  therefore  separated  from  the  annular  air-cavity  by  two  or 
three  layers  of  cells  (forming  the  spore-sac),  produces  the  mother-cells  of  the  spores. 
The  cells  of  this  layer  are  first  of  all  distinguished  by  being  densely  filled  with  proto- 


plasm, in  which  lies  a  large  central  nucleus,  and  are  attached  without  interstices  to  the 
surrounding  tissue  in  a  parenchymatous  manner.  From  their  division  proceed  the  spore- 
mother-cells,  which  become  isolated  by  the  deliquescence  of  the  cell-walls,  and  then  float 
in  the  fluid  contained  in  the  spore-sac,  till  they  form  the  spores  by  repeated  division. 
The  Spore-iac  is  the  term  given  to  those  layers  of  cells  by  which  [he  large  air-cavity  is 
separated  from  the  spore-mother-cells.  It  seems  convenient  to  consider  the  layers 
which  bound  the  spore-cavity  on  the  axial  side  (Fig.  268,  i)  also  as  a  part  of  the 
spore-sac;  its  cells  contain  on  both  sides  starch-forming  chlorophyll-granules.  The 
inner  large-celled  tissue,  which  contains  but  little   chlorophyll,  and  is  thus  surrounded 
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on  all  sides  by  the  spore-sac,  is  distinguished  as  the  Columella.  The  spore-sac  is  ruptured 
by  the  casting  off  of  the  operculum,  but  the  columella  remains  dried  up,  and  in  Poly- 
tricbum  there  remains  also  a  layer  of  cells  the  Epiphragm  attached  to  tlie  points  of  the 
t    th    t  th    p  n  t  d  g  th      pe      g    t  th    th 
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pi  astf  1  Th  Itdbyy  ttptm 

although  their  origin  and  structure  are  widely  different  from  that  of  the  true  peristome 
in  other  genera.  For,  except  in  the  Polytrichacefe,  neither  the  teeth  nor  the  cilia  con- 
sist of  cellular  tissue,  but  only  of  thickened  and  hardened  parts  of  the  walls  of  a  layer  of 
cells,  which  is  separated  by  some  layers  of  thin-walled  cells  from  the  epidermis  which 
forms  the  operculum ;  the  latter  layers,  as  well  as  the  delicate  parts  of  the  former, 
become  ruptured  and  disappear,  while  the  thickened  parts  of  the  wall  remain  after 
the  casting  off  of  the  operculum.  This  will  be  rendered  clear  by  an  example.  Fig. 
271  represents  a  part  of  the  longitudinal  section  which  bisects  the  theca  of  Funaria 
hygrotnetrica  symmetrically,  corresponding  to  the  part  in  Fig.  266,  C,  designated  a\ 
e  e\&  the  reddish  brown  epidermis  strongly  thickened  on  the  outside  ;  at  the  part  where 
it  bulges  its  cells  are  of  a  peculiar  shape,  forming  the  ring  or  annulus;  se  is  the  tissue 
lying  between  the  epidermis  of  the  theca  and  the  air-cavity  A;  the  large-celled  tissue^ 
is  the  prolongation  of  the  columella  into  the  cavity  of  the  operculum;  at  S  are  seen 
the  tippermost  spore-mother- cells ;  directly  above  the  air-cavity  h  rises  the  layer  of  cells 
« hich  forms  the  peristome ;  its  walls  (a),  which  face  outwards,  are  strongly  thickened, 
and  of  a  bright  red  colour ;  the  thickening  is  continued  also  partially  along  the  septa ; 
the  longitudinal  walls  which  lie  on  the  axial  side  of  the  same  layer  of  cells  (i)  are  also 
coloured,  but  Jess  strongly  thickened.  In  Fig.  272  is  shown  further  a  part  of  the 
transverse  section  through  the  basal  part  of  the  operculum  ;  r  r  are  the  epidemtal  cells 
placed  immediately  above  the  annulus,  forming  the  lower  edge  of  the  operculum;  a 
and  i  the  thickened  parts  of  the  layer  of  ceils  concentric  with  the  operculum,  which 
form  the  peristome.  A  section  near  the  apex  of  the  operculum  would  show,  instead 
of  the  broad  thickening-masses  j,  i',  i" ,  only  the  middle  part  of  the  inner  wall,  but 
more  strongly  thickened.  If  now  it  is  supposed  that  when  the  theca  is  ripe  the  annulus 
and  the  operculum  fall  off,  the  cells?  and  those  which  lie  between  a  and  e  (Fig.  271) 
disappear,  and  that  the  thin  pieces  of  wall  between  a,  a',  a",  and  between  j,  i',  i",  in  Fig. 
372,  are  also  destroyed,  then  the  thick  red  pieces  of  wall  alone  remain,  forming  sixteen 
pairs  of  tooth-like  loi}es  pointed  above,  crowning  the  edge  of  the  theca  in  two  concentric 
circles.  The  outer  row  are  termed  Teeth,  the  inner  row  Cilia.  The  thickened  cells  at 
(,  Fig.  271,  unite  the  base  of  the  teeth  with  the  edge  of  the  theca.  According  as 
the  layer  of  cells  which  forms  the  peristome  consists,  in  transverse  section,  of  a  larger 
or  smaller  number,  and  according  as  one  or  two  thickened  walls  are  formed  within  each 
one  of  these  cells,  the  number  of  teeth  and  cilia  varies ;  it  is  always  however  a  multiple 
of  four,  generally  16  or  33.  In  many  cases  the  thickening  at  i  is  wanting;  the  peri- 
stome is  then  simple,  and  formed  only  of  the  teeth  of  the  outer  row.  The  thickenings 
at  a  are  very  commonly  much  stronger  than  is  the  case  in  Funaria,  and  the  teeth  there- 
fore stouter.  The  thickened  parts  of  the  wall  may  also  partially  or  entirely  coalesce 
laterally  with  one  another ;  and  then  the  parts  of  the  peristome  either  above  or  below 
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form  a  membrane ;  in  this  case  the  teeth  appear  split  from  one  another  above,  and  the 
endostonie  (the  inner  peristome)  is  composed  of  a  lattice-work  of  longitudinal  or  trans- 
verse ridges  instead  of  cilia  (Fig.  267).     A  great  variety  is  met  with  here,  which  may 


easily  be  understood  by  the  beginner  when  he  has  obtained  a  clear  idea  of  the  principle. 
The  inner  and  outer  sides  of  the  teeth  of  the  peristome  are  hygroscopic  to  a  different 
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■    degree;  "hence,  as  the  amount  of  moisture  in  the  air  varies  they  bend  inwards  or  out- 
wards, or  sometimes  in  a  spiral  whorl,  as  in  Barbula. 

The  genus  Polytrichum,  to  which  the  largest  and  most  highly  developed  Mosses 
belong,  differs  from  the  other  genera  in  several  points  in  the  structure  of  its  theca. 
The  teeth  of  the  peristome  are  composed  not  simply  of  single  pieces  of  membrane,  but 
of  bundles  of  thickened  prosenchymatous  cells  ;  these  bundles  are  horseshoe-shaped  ; 
the  branches  of  two  adjoining  bundles  directed  upwards  form  together  one  of  the  32-64 
teeth.  A  layer  of  cells  uniting  the  points  of  the  teeth  (Fig.  273,  ep)  remains,  after  the 
casting  olF  of  the  operculum  and  the  drying  up  of  the  adjoining  cells,  as  an  epiphragm 
stretched  across  the  theca.  The  spore-sac  is,  in  some  species  {e.g.  P.  pi/iferum),  separated 
from  the  columella  by  an  air-cavity,  which  is  penetrated,  like  the  outer  air-cavity,  by 
conferva-like  rows  of  cells.  In  most  species  the  seta  is  swollen  beneath  the  theca, 
forming  the  jipopbyiii,  a  phenomenon  which  is  repeated  in  a  somewhat  different  manner 
in  the  genus  Splacbnum,  where  this  part  is  sometimes  expanded  transversely  as  a  Hat 
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Under  this  term  are  included  in  otie  group  the  Ferns,  Equisetaceae,  Ophio- 
glosses,  Rhizocarpeje,  LycopodiaccEe,  Selaginelleas,  and  Isoetes.  As  in  the 
Muscineffi,  the  life-hislory  of  the  plant  is  divided  into  two  generations  which  are 
exiremely  different  both  morphologically  and  physiologically.  From  the  spore 
proceeds  first  of  all  a  sexual  generation;  from  its  fertilised  archegonium  is  pro- 
duced in  the  second  place  a  new  plant,  which  does  not  form  sexual  organs,  but  in 
their  place  a  number  of  spores.  In  the  Ferns,  Equisetaceie,  and  Lycopodiacese  these 
spores  are  all  alike;  the  Rhizocarpes,  Selagiiielle»,  and  IsoSteje,  on  the  contrary, 
produce  two  kinds  of  spores,  large  and  small,  Macrospores  and  Microspores. 

The  Sexual  Generation  [Oophore]  which  is  developed  from  the  spore  always 
preserves,  in  Vascular  Cryptogams,  the  form  of  a  thallus ;  it  never  attains,  as  in  the 
more  highly  developed  Mosses,  to  a  differentiation  into  stem  and  leaf,  but  remains 
small  and  delicate,  and  closes  its  life  with  the  commencement  of  the  development  of 
the  second  generation.  It  appears,  therefore,  externaLy  as  a  mere  precursor  of  further 
development,  as  a  transitional  structtue  between  the  germinating  spore  and  the 
variously  differentiated  second  generation.  Hence  the  name  Proikallium  has  been 
given  to  this  first  or  sexual  generation  of  Vascular  Cryptogams. 

In  the  Ferns  and  EquisetaceEe  the  prothallium  resembles  the  thallus  of  the 
-  lowest  HepaticEB.  The  prothallia  sometimes  continue  to  grow  for  a  consider- 
able time  ;  they  contain  a  large  amount  of  chlorophyll,  and  form  numerous  root- 
hairs.  After  they  have  thus  attained  sufficient  vigour  by  independent  nourishment, 
they  produce  archegonia  and  antheridia,  usually  in  considerable  numbers.  A 
tendency  to  become  dicecious  is  sometimes  manifested  in  these  prothallia,  although 
they  proceed  from  similar  spores;    both  kinds  of  sexual  organs  being,  however, 
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often  produred  on  the  s\me  prothallium  In  the  Rhizocirpei.  Sehg  nellex  ind 
IsofeteB  on  the  other  hand  the  separation  of  the  se-^es  is  already  prefie;ured  bj  the 
two  kinds  of  spores  the  Ma  rosp  res  being  femile  m  so  far  as  they  develoj-e 
a  small  prothaUi  im  which  produces  exclusively  archegon  1  or  somet  mes  only 
a  5  ngle  one  the  Mi  rospor  s  being  male  mismuch  as  they  develope  a  still  smaller 
prothallium  bearing  exclusively  antherid  a  The  female  prothallium  of  the  Rhizo 
carpese  is  a  small  aj  pondage  of  the  macrispore  formed  m  1  s  intenor  but  afterwards 
developed  externally  although  nourishel  by  il  in  SelaginelleK  and  Isofitea  the 
prothall  urn  is  developed  m  the  sporf  t  elf  filling  it  up  with  a  mass  of  tissue  the 
archegonia  becoming  exposed  onlj  by  the  splitting  0/  the  eel!  wall  of  the  spore 
The  male  prothallium  consists  m  these  groups  ol  plants  of  t  single  stenle  or 
veget^tne  cell  ind  of  a  larger  or  smaller  number  of  cells  in  wh(,h  antherozoids 
-ire  developed 

The  Archig  Ttn  of  Vascular  Cryptogams  like  those  of  the  Musnneie  are 
bodies  consisting  of  a  ventral  part  which  encloses  the  oosphere  and  of  a  neck 
usuallj  si  ort  and  comp  sed  of  four  longitudinal  rows  of  cells  The  two  groups 
differ  in  the  fact  that  in  Vascular  Cryptogams  the  ti'.sue  of  the  wall  f  the  ventral 
part  IS  formed  from  the  prothallium  itself  and  the  \entral  part  of  the  archegonmm 
IS  therefore  enclosed  m  the  tissue  of  the  sexual  genention  the  neck  onh  projecting 
bevond  it  The  archegonmm  onginates  from  a  superficial  cell  of  the  prothallium 
which  s  divided  by  a  tangential  wall  into  two  an  external  and  an  mttrnal  The 
former  forms  by  intersect  n^  longitudinal  an  1  subsequent  transverse  divisions  the 
four  rows  of  cells  of  the  rather  short  neck  the  litter  grows  outwards  between  the 
neck  cells  u  to  a  prijection  whch  becomes  separated  firming  tie  neck  cell  and 
anoth  r  segment  s  cut  oft  from  the  lar^e  infcnor  cell  {t!  e  central  cell  Janczewski) 
to  form  the  ventral  canal  cell  Thus  there  arises  from  the  original  internal  cell  an 
axial  low  of  three  cells  the  lowest  of  wl  n,h  is  the  lospher-.  The  twt  neck  cells 
become  convertel  mto  muclage  as  m  the  Muse  neae  The  mucilage  thus  produced 
in  the  neck  finallj  swells  up  considerably  forces  apart  the  four  ap  cal  cell  of  the 
neck  and  is  expelled  an  open  cana!  is  thus  formed  lead  ng  from  without  to  the 
oosphere  the  expelled  mucilage  appears  to  play  an  important  part  in  the  conduc 
ton  of  the  swarming  antherozoids  to  the  opening  of  the  neck  tertihsat  on  is 
alwajs  effected  by  means  of  water  which  determines  the  opening  of  the  antheridia 
and  archegonia  and  serves  as  a  veh  cle  for  the  antherozoid  The  advance  of  these 
latter  as  far  is  the  oosphere  and  even  the  r  entrance  into  and  coalebcence  with  its 
protoplasm  has  been  directly  observed  m  the  diff'erent  g  oups 

The  Antktro-,ntds^  are  like  those  of  the  Muscinea.  spirall}  coiled  threads  usually 
with  a  number  of  fine  cilia  on  the  antenor  coils  In  the  cases  hitherto  observed  they 
arise  from  the  pe  ipheral  part  of  the  protopla  m  of  their  small  mother  cells  a  central 
ves  cle  of  protoplasm  contain  ng  starch  grains  being  left  over  which  adhering  to  a 
posterior  coil  of  the  antherozoid  is  often  dragged  along  by  it  but  is  lefached  before 


'  [On  the  development  of  the  antherozoids  of  the  Vascular  Crj-pto^am  see  Itrasburger  Zell 
b  Idung  nnd  Zellthe  lung  3td  ed  1880  Thefo-mat  1  of  the  antherozo  d  s  n  all  cases  preceded 
by  the  di'^ppeatance  of  the  nucleus  cf  the  n  other-cell  I  suV'ila  ce  becon  nj^  d  ffu  cd  tl  ruuj^hoat 
the  1-  otoplasm  ] 
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its  entry  into  the  archegonium.  The  mother  ccUt,  of  the  antherozoids  arise  111  the 
antheridia,  which  in  Ferns  and  Equisetace'E  project  free  from  the  prothalhum  as 
roundish  masses  of  tissue,  but  in  the  OphiOf, losses  and  Ljcopodmm  are  imbedded 
in  the  prothallium.  Among  RbizocarpeK,  "Silvima  forms  a  ^ery  simple  antheridmm 
which  projects  from  the  microspore,  while  the  MirsilaceK  and  Sclagmellea;  pro 
duce  their  antherozoids  within  the  microspoie  itself  after  3  fen  celled  mass  of 
tissue  has  been  formed  in  it  which  must  be  considered  as  a  rudiment  \ry 
prothallium. 

The  Asexual  Generation  [Sporophore]  which  produces  spores  anses  from  the 
oospore  or  fertilised  oospliere  in  the  archegonium  In  Ferns  Equisetace'e  and 
Rhizocarpefe,  its  earliest  divisions,  the  rudiments  of  the  first  root  the  first  leaf  and 
the  apex  of  the  stem  can  lie  recognised,  while  at  the  same  time  a  lateral  oulgrovitii 
of  its  tissue,  called  the  Fool,  commences  at  the  bottom  of  the  centra!  part  of  the 
archegonium,  and  draws  from  the  prothallium  the  first  nourishment  for  the  young 
plant.  The  ventral  part  of  the  archegonium  at  first  grows  vigorouslj  (except  apjia 
,  rently  in  the  Selaginellere),  enveloping  the  embryo  until  this  latter  finally  protrudes 
free,  leaving  however,  for  some  time,  the  foot  st  11  attached  to  it  as  a  nutritive  organ 
This  process  offers  an  unquestionable  analogy  to  the  formation  of  the  calyptra  of 
the  Muscineae,  While,  however,  the  spore-producing;  generation  of  the  Muscine* 
remains  a  mere  appendage  of  the  sexual  plant,  appearing  in  a  certain  sense  as  its 
fruit,  the  corresponding  generation  of  Vascular  Cryptogams  developes,  on  the  con- 
trary, into  a  conspicuous,  highly  organised,  independent  plant,  which  frees  itself  at  a 
very  early  period  from  the  prothallium,  and  obtains  its  own  nourishment.  It  is  this 
asexual  generation  which  is  called,  in  ordinary  language,  simply  the  Fern,  Equisetum, 
&c. ;  it  always  consists  of  a  leafy  stem,  usually  producing  a  number  of  true  roots ; 
roots  may,  however,  occasionally  be  entirely  absent,  as  in  some  HymenophyllaceEe, 
and  in  PsiUtum  and  Salvim'a.  In  many  cases,  especially  in  Ferns,  Equisetacece,  and 
(especially  the  extinct)  Lycopodiaceas,  the  spore- producing  generation  attains  great 
dimensions  with  an  unlimited  term  of  life  ;  only  a  few  species  are  (like  Salvinid) 
annual,  or  very  small,  resembling  Mosses  in  habit,  as  Azolla  and  some  Selaginelleae. 

The  Leaves  are  either  simple,  unsegmented,  or  variously  branched  (FilicineEe). 
There  does  not,  however,  occur  so  great  a  variety  due  to  metamorphosis  in  the 
forms  assumed  by  the  leaves  in  the  same  plant  as  in  Phanerogams. 

The  Roots  usually  arise  in  acropetal  succession  on  the  stem  (or  on  the  leaf- 
stalk in  some  Ferns),  and  branch  monopodially  or  dichotomously ;  they  always 
remain  nearly  uniform  in  size,  the  first  root  never  attaining  the  dimensions  of  a 
tap-root,  as  in  many  Phanerogams.  The  lateral  roots  do  not  arise,  as  in  Phanero- 
gams, from  the  pericambium,  but  from  the  innermost  cortical  layer  of  the  main 
root. 

The  Differentiation  of  the  Systems  of  Tissue  attains  a  high  degree  of  perfection 
for  the  first  time  in  this  group  of  plants.  The  epidermis,  fundamental  tissue,  and 
fibro-vascular  bundles  are  always  clearly  distinct,  and  are  composed  of  cells  of 
various  forms.  The  fibro-vascular  bundles  are  closed;  the  phloSm  usually  sur- 
rounds the  xylem  of  each  separate  bundle  Uke  a  sheath. 

The  Branching  of  the  Stem  is  very  different  in  the  different  classes  of  Vascular 
Cryptogams;  it  is  essentially  monopodial,  but  it  is  often  apparently  dichotomous; 
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aMihrv  branching  m  the  scn^e  m  which  the  term  is  appUed  to  Phanerogams, 
probably  does  not  OLCor  here 

The  DeLekpmenl  of  the  Sporangia'  is  in  most  cases  evidently  a  function  of 
ordiniry  or  of  speciallj  modified  leases ,  it  is  only  when  they  arise  singly  upon  the 
upper  surface  of  leaves,  as  in  L^copodmm,  that  they  come  to  stand  m  the  axils  of  the 
leaves  m  Sdagintlla  thej  anse  from  the  stem,  and  m  Pulolum  and  Tmesipteris 
from  lateral  branches  In  the  earliest  stage  of  then  development  the\  are  in  the 
Fihcme*  outgrowths  of  single  epidermic  cells  in  the  other  \ascular  Cryptogams 
they  are  de>eloped  from  a  group  of  cells  [The  mother-cells  of  the  spores  are 
derived  from  one  or  more  cells  which  lie  at  first  immediately  beneath  the  epidermis 
of  the  sporangium  (h^podermil)  and  which  Goehel  terms  the  auhespotium.  The 
archesporium  becomes  invested  by  one  or  more  la}'ers  of  cells,  derived  either  from 
the  division  of  its  own  cells  or  of  the  cells  forming  part  of  the  sporangium,  to  which 
the  name  of  tapelum  is  given.  As  the  sporangium  ripens,  the  cells  of  the  tapetum 
usually  become  absorbed,  and  the  mother-cells  of  the  spores  become  isolated  from 
their  combination  into  a  tissue.  From  each  mother-cell  four  spores  are  developed  : 
this  takes  place  in  two  ways ;  either  the  cell  is  divided  into  two  by  a  cell-wall  after 
(he  nucleus  has  divided,  and  this  process  is  repeated  in  each  of  the  two  daughter- 
cells,  or  the  nucleus  divides  into  two  and  each  of  these  again  into  two  before  any 
cell-wall  is  formed.  The  latter  is  by  far  the  more  general  mode.  The  distinction 
between  macrospores  and  microspores  in  the  Rhizocarpese  and  Selaginelleje  is 
manifested  only  after  the  division  into  four  of  the  mother-cells  which  were  pre- 
viously alike.] 

It  is  clear  from  what  has  now  been  said  that  the  sporangium  of  Vascular 
Cryptogams  is  equivalent,  from  a  physiological  but  not  from  a  morphological  point 
of  view,  to  the  sporogonium  of  Mosses.  This  latter  forms  by  itself  the  whole  of 
the  asexual  generation  of  Mosses  ;  while  the  sporangium  of  Vascular  Cryptogams 


'  [On  the  Comparative  Development  of  the  Sporangia  see  Goel)el,  Bol.  Zeitg.  1880-81,  lie 
classifies  the  Vascular  Cryptogams  according  to  the  mode  of  development  of  their  sporangia,  as 
follo«^ : — 

Lsplosporimgiaia.    The  sporangium  is  developed  from  a  single  epidermal  cell.     The  arche- 
spoiium  is  a  single  cell,  and  the  tapetum  is  derived  from  it. 
Filicesj  Rhizo  carper. 

Eufporangiaia.  The  sporanginm  is  developed  from  several  cells,  which,  except  in  the  case  of 
Isoelis,  are  all  superficial. 

a.  Archesporium  uniceEular;  tapetum  derived  not  from  it,  but  from  the  tissue  of  the  sporangium. 
Ophioglosseae  ;  Marattiaceie ;  Equisetaceje. 

b.  Archesporium  unicellular;  tapetum  derived  from  it. 
Psilotum:   Tmiiipleris  iy). 

c.  Archesporium  unicellular ;  tapelum  derived  partly  from  it,  and  partly  fiom  the  tissue  of  the 
sporangium. 

Selagimlla. 

d.  Archesporium  multicellular  (a  row  of  cells) ;  tapetum  formed  not  from  it  but  from  the  tissue 
of  the  sporangium. 

Lycopodiutn. 

e.  Archesporium  multicellular  (a  layer  of  cells) ;  tapetum  derived  from  it. 

The  Phanerogams  also  belong  10  the  Eusporangiata,  see  i*n/ro.] 
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is  a  relatively  small  outgrowth  borne  on  either  the  leaf  or  the  stem  of  the  asexual 
generation  which  consists  of  stem,  leaf,  and  root. 

The  proof  that  what  is  termed  the  Moss-fruit,  i.e.  the  sporogonium,  is,  from  its 
position  in  the  alternation  of  generations,  the  equivalent  of  the  entire  leafy  and  rooting 
spore-producing  plant  of  Vascular  Cryptogams,  was  brought  forward  by  Hofmeister 
as  long  ago  as  1851  (Vergleichende  Untersuchungen,  p.  139  '),  In  connection  with  the 
relationships  pointed  out  by  him  between  the  SelaginellesE  and  Isoeteie  on  the  one  ha.nd 
and  the  Conifene  on  the  other,  this  discovery  is  one  of  the  most  fertile  in  results  that 
has  ever  been  made  in  the  domain  of  morphology  and  classification.  The  researches 
of  Pringsheim  and  Hanstein  on  the  development  of  Rhiiocarps,  carried  out  with  great 
acuteness  and  deep  penetration,  those  of  Nageli  and  Leitgeb  on  the  roots  of  Vascular 
Cryptogams,  and  of  Cramer  on  the  apical  growth  of  the  stem  of  Equisetaceie  and  Lyco- 
podiacese,  to  which  numerous  more  recent  observations  may  be  added,  have  not  only 
contributed  to  a  more  accurate  knowledge  of  this  group  of  plants,  but  have  especially 
cleared  up  the  fundamental  morphological  facts.  Since  the  appearance  of  the  first 
edition  of  this  book,  our  knowledge  of  the  alternation  of  generations  has  been  enriched 
by  Millardet's  discovery  of  the  male  prothallium  in  Isoeteje  and  Selaginelleie ;  and  the 
labours  of  Millardet,  Strasburger,  Kny,  and  especially  of  Janczewski,  have  resulted  in 
a  more  complete  acquaintance  with  the  deieljpment  of  the  setua!  organs  and  of  the 
process  of  fertilisation  itseil  in  its  details 

Taxonomy  Our  ideis  as  to  the  mutual  relationships  existing  between  the  various 
divisions  ol  Vascular  Cryptogams  are  at  present  \ery  finable,  thej  are,  in  fact,  in  a 
state  of  transition.  The  dnision  into  I'JOsporeK  and  Hettrosporeje  suggested  by  me 
in  the  first  edition  and  retained  in  the  third  edition  of  this  look  seemed  to  be  folly 
justified  as  long  as  it  could  be  assumed  that  m  the  Lycopodiere  two  forms  of  pro- 
thaUium  were  developed  as  m  the  belaginellese  and  Isoeteie.  This  assumption  has 
been  proved  untenable  b)  Fankhauser's  discovery  of  the  mon(ECious  prothallium  of 
Lycopodium  Still  a  separation  of  the  isosporous  Lycopodieie  on  this  account  from  the 
.  heterosporous  SelaginellCEc  and  Isoete^  would  be  unjustifiable.  Besides,  recent  researches 


th    Rh 


have  sh 
to  the  h  t       p 
cular  C  ypt  g  m 
artific   1       d  w 
into  m     osp 
plants     t        h     fi 
for  th  d 

suppo  t  d  by  th 
the  Rk  p 

Selagi    it  d  I 

the  spo      g      f 
from        gl         11 

(Caulo  )   p        g 
If,  d 

classifi    t        I  m 
suggest  d  by  L     t 


1  [O      1     C  rmi 

the  Fruc  f  th     C  nif  ri 
P-  434-] 

»  Lu  rsse  d      M    h 
Bd.  I.  p. 

'  Ru      w  ^  ^1     h    d    U  t 


11  £e 


th  t  th   d  tr 

1       t  It       pi 


los  1)      1  t  d  t 
t  be  g 


th 
th    d 


wh    h  b  f, 
t  th  t  th    d  if       t 
m  y  dff 


h    h  b  t 
th  th    I  y    p  d 
f  tw     fc    d 
th  t 


t  f 


of  \as- 

g  purely 

n  lar  spores 

p    of  these 

t    e  Ferns, 


t  k      plac 


!i  the 


b  t  t  (esp  Uy  I  r= 
1  d  t  ss  p  th  d  t  t 
t    fg      t   yst  m  t      mport 


th    first    dt  (  86S)  that 

h      as    th  developed 

d  R  ss      )  h  extended 

iT    I    p        ^  f    m  Fhyilo- 

a1  dg      I  g  p  my  f    m 

pt  th       las   fi     t 


1  pmen        d  Fni  Ufi 
rK    by  W  H  fm     t        1 


vGooqIc 


390  VASCULAR    CRYPTOGAMS. 

upon  which  too  much  importance  Is  laid,  and  therefore  run  counter  to  natural  affinities 
and  cause  forms  which  are  widely  different  to  be  placed  side  by  side. 

The  following  new  classification  lays  no  claim  to  be  regarded  -is  definitely  indicating 

fallt!        th        It        hp         stg  g\         ICjptg  btlbl  tht 

t  p      1    m         I      ly  th  )  p  ra  g  m    t      tl   th    p         t    t  t      f 

kldg  th  hddthtl  flit         hhybdb 

If       d     t         th       th  It     pp     rs         t        th  t   th     th         Clas        h         f    m  d 

th     Eq       t  th     F 1  d  th     D   h  t  m  p  e-.    t  th        d  t     t       d 

p  r^t     typ  G      t  d  fli     It  a      d  t     tl        )  t  m  t  b  d  f  th 
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Systemalic  review  of  Ike  Vascular  Cryplogams. 

CLASS    VII. 

Equisetines. 

The  spores  are  of  one  kind  and  give  rise  to  prothallia  which  vegel  t    '  d  pe  d     tly 
andwh    h  liydce  th   f        1   p    th  II     be    g  th    I    g      th         1    th     m  11 

The  s        dgrati  tsf         p       lyb        hdt  th       lldfidt 

nodes       d  b  ar    g      1  t      iy         11    1      tl     g     h     1      f  1  Th     b        h 

whorl         d  tt  ptidfmtl  d        fthtmA         tmj        se 

below        hb         htrafit  ra       pdl      Th       po      g  b  p 

metat       phos  d  p  It.  t     I  h    h  1  t  1    p  k       th  y     ng      t  m  It 

cellula    ptb  (  g  Jffitt  bp  hlTh 

mothe  -c  II       f  th      po  t     pp  d         d  f  11  1  1pm 

Both    t  d        ti        15         Igthbym  tlaj,plUwhhg  se 

to  three  rows  of  segments).      The  fibro  vascular  bundles  ot  the  stem  are  arranged  in 
a  circle ;  their  xylem  is  rudimentary,  resembling  that  of  the  bundles  of  Monocotyledons, 
The  axial  fibro- vascular  cylinder  of  the  root  has  no  pericambium. 
Family.        (i)  EquisetaceE. 


CLASS  Via 


FlI.ICINEiE. 


The  majority  of  these  plants  possess  spores  of  one  kind  only,  from  which  inde- 
pendent moncecious  prothallia  are  developed ;  but  the  Rhizocarpeje  have  macrospores 
and  microspores  forming  rudimentary  prothallia  which  never  become  free  from  the 
spore.  The  second  generation  is  a  stem  bearing  numerous  well-developed  leaves  which 
are  usually  much  branched.  The  stem  either  does  not  branch,  or  it  does  so  but  rarely, 
and  it  bears  numerous  roots.  The  sporangia  ai-e  borne  on  ordinary  leaves,  or  on  leaves 
which  have  been  specially  modified  r  they  are  usually  aggregated  into  small  groups  (Sori). 
The  sporangia  of  the  Ophioglossere  and  MarattiacesE  are  from  the  first  multicellular,  and 
those  of  the  Filices  are  developed  from  single  superficial  cells :  the  archesporium  is 
unicellular.  An  apical  cell  is  present  in  the  stem  and  in  the  root;  it  forms,  in  the 
stem,  two  or  three  rows  of  segments,  in  the  root  usually  three  rows.  The  fibro-vascular 
bundles  are  generally  very  well  developed,  and  the  central  xylem,  which  consists  for 
the  most  p.irt  of  scalariform  tracheides,  is  usually  surrounded  by  the  phloem. 

Order  I.  Stipulate.  The  spores,  so  far  as  is  at  present  known,  are  of  one  kind 
and  give  rise  to  independent  moncecious  prothallia.    The  second  generation  is  a  simple, 
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usually  unbranehed  erett  or  cblique  stem  ot  a  somewhat  tubercular  foim  beinng  Imes 
arranged  tlose  togethti  m  a  spiral  manner  The  leases  are  relatnely  krge  ire  usually 
much  branched  and  usually  bear  stipules  at  the  base  of  the  r  petioles  The  spoiangia 
are  borne  either  upon  the  under  surface  ol  ordinary  leaves  or  in  'ipicate  or  pai  iculite 
ft uctifications  nhith  ire  metamorphosed  leaf  segn  ents  They  are  derned  Irom  groups 
ot  etlls  »h  th  t  rn  prcjecticns  upon  the  surtate  ot  the  leiies  The  mother  cells  of 
the  spores  are  found  in  large  numbers  A  sint,Ic  aj  ical  cell  is  present  in  the  tem 
and  root 

Families  (i)  Ophioglosse^ 

(2)  Marattni-eie 
(})  OsmundacciE 
(4)  Schizieaceie 
Order  II     Fillces      The  spores  are  ot  one  kind  and  develope  independent  monce 
c  ous  prothaiha      The  second  generation  is  either  an  erect  unbrinched  stem   or  a  stem 
which  IS  more  or  le'^s  hor  zontal  and  bilaterally  sjmmetrica]  and  which  branches  occa 
sionally      The  leaves  do  not  possess  stipules   ire  circinate  in  their  ve  nat  on   and  bear 
upon  their  UmiiiiE    which  may  or  may  not  be  nore  or  less  specially  modified,  lery 
numerous  sporangia  usually  arranged  in  son  covered  by  mdusia     The  sporangia  iri';e 
fiom   distinct  epidermal  cells    and  usually  sixteen  spore  mother  cells   are   formed   in 
each       The  sporangia  are  opened  by    meins  of  (he   w  ciHed  ring   (annuli  s)       Both 
stem   and   root   possess   a   single   apicil   cell       The   ground  ti'Jste   tends   to    become 
cinverted  into  brown  sclerenchjma    which  especi  lly  supptrfc.  the  shoiths  of  the 
tibro  vaacular  bundles 

Families.         (i)  Gleicheniace^  (?),  (Osmundaceje,  Schizsaceie ?). 
{=)   Hymenophyllaces. 
(3)  Cyatheaceas. 
(ij  PolypodUcea;. 
Order  Til.  BMzocarpeffi.     The  sporangia  are  of  two  kinds,  those  of  the  one  kind 
containing  macrospores,  those  of  the  other  microspores.     Within   the  macrospore  a 
small  prothallium  is  formed  which  does  not  become  separated  from  the  spore ;  within 
the  microspore  the  mother-cells  of  the  antherozoids  are  formed  from   a  very  rudi- 
mentary prothallium.     The  second  generation  is  a  bilaterally  symmetrical,  horizontal, 
regularly  branched  stem,  which  bears  leaves  upon  its  dorsal  surface  in  two  or  more 
rows,  and  roots  upon  its  ventral  surface,     (Sal-vinia  is  rootless.)     The  sporangia  arise 
from  individual  superficial  cells  of  the  placentse  and  are  enclosed  in  sporocarps  which 
may  be  uni-  or  multllocular,  and  are  formed  by  metamorphosed  leaves  or  segments  of 
leaves.     The  placenta  of  each  loculus  of  the  sporocarp  bears  a  sorus  of  sporangia, 
and  there  are  sixteen  mother-cells  of  the  spores  in  each  sporangium.    The  microspores 
are  formed  in  great  numbers  in  each  mlcrosporangiura  (4  x  16),  but  only  one  macrospore 
in  the  macrosporangium  comes  to  maturity.     The  stem  grows  by  means  of  a  two-  or 
a  three-sided  apical  cell ;  the  root  has  always  a  three-sided  apical  cell. 
Families.         (i)  Salviniace^. 
(2)  MarsiliacciE. 


CLASS     IX. 

DlCHOTOME^. 

The  prothallia  are  developed  either  from  spores  of  one  kind  only  and  are  then 
independent  and  moncecious,  or  they  are  developed  from  spores  of  two  kinds  (macro- 
and  microspores),  and  then  remain  within  the  spore  until  the  period  of  feitilisation. 
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The  second  generation  is  a  simple  or  repeatedly  branched  stem,  usually  possessing  roots  . 
and  always  bearing  simple,  unsegmented,  comparatively  small,  but  very  numerous  leaves, 
which  are  traversed  by  only  a  single  fibro-vascular  bundle.  All  the  branchings  of  the 
stem  and  of  the  roots  present  the  appearance  of  having  originated  dichotomously. 
The  sporangia  are  borne  singly  upon  the  upper  surface  of  the  base  of  the  leaves,  or 
in  their  axils,  or  even  in  an  extra-axillary  position  upon  the  sfem.  They  originate  as 
masses  of  cells  derived  in  part  (Isoi'tfi)  from  internal  tissues,  covered  by  the  epidermis 
which  forms  their  walls.     The  archesporium  is  multicellular  in  some  cases,  unicellular 

Order  I.  Lyoopodittoeffl.     The  prothallia,  which  are  developed  from  spores  of  one 
kind  only,  are  capable  of  independent  growth  and  are  moncecious.     The  roots  branch 
dichotomously  in  alternate  intersecting  planes,  and  neither  stem  nor  root  possesses 
a  single  apical  cell.    The  leaves  have  no  ligula.     The  fibro-vascular  cylinder  of  the 
stem  consists  of  numerous  xylem- bundles,  each  of  which  is  surrounded  by  phloem. 
Families.         (i)  LycopodLese 
{3)  Psilotezc 
(3)  Phylloglosse^ 
Order  II,    liigulatie.     The  spores  are  ol   two  kmds      Each  microspore  forms  a 
rather  large  internal  female  prothallium,  the  arcliegonia  of  which  only  become  exposed 
when  the  wall  of  the  spore  is  ruptured.     Within  each  microspore  a  rudimentary  pro- 
thallium  completely  filling  it  is  formed,  certT  n  cells  of  which  give  rise  to  the  mother- 
cells  of  the  antherozoids.     The  second  generation  is  of  very  different  habit  in  the  two 
families.     The  leaves  are  always  provided   with  a  ligula  borne  above  their  base,  and 
below  this  lies  the  sporangium  which  contains  either  numerous  microspores  or  four  or 
more  macrospores. 

Families,        (i)  Seiaginelle^ 
{2)  IsoeteK. 


EQUISETINE^'. 

The  Sexual  Gmeralion  (Oophore).     The  spores  of  the  Equiselacese,  so  soon  as 
they  have  attained  the  rip        nd      n  {  h  n  their  power  of  germination  only 

1  G.  W.  BischofT,  Die  krjp    g  "i     t  h       Niimberg  i8i8).— W.  Hofnieister,  Veigl. 

Unlets.  (iSpi).— Ditto,  Uebe  d  k  m  g  Eq  "w  (Abh.  der  kiinigl.  Sachs.  Gesell.  d.  Wiss. 
i8j5.  vol.  IV.p.  i68>.— Ditto,  U  b     S  w    It      ng      r  Equiseten(Jahib.fiir  »iss.  Bot.  vol.  IIL 

p.  283),— [Germination,  Deve    pm  d  Fm  the  Higher  Cryptogamia  (Bay  Society), 

pp.  26r-3o6].— Thuret  (in  Ann.  des  Sci.  Nat.  1831;,  vol.  XVI.  p.  31).— Saiiio,  Ueber  EpidermU 
und  Spaltofhrnigen  des  Equis.  (Linnrea,  vol.  XXIX.  Heft  4).— C.  Cramer,  Lingenwachsthum  und 
Gewebebildung  bei  E.  arvenst  nnd  $ylvaticum  (Pflanzenphys  Unters.  von  Nageli  und  Cramer,  1855, 
vol.  III).— Duval-Jouve,  Hist  Nat,  des  EfuiseUim  (Paris  1864).— H,  Schacht,  Die  Spermalozoiden 
im  Pflanzenreich  (Braunschweig  1864).— Max  Reess,  Entwicltelung^esohichte  der  Stammspitze  von 
Equisetum  (Jahrb.  fiir  wiss.  Bot.  186;,  vol.  VI.  p.  209).— Milde,  Monographla  Eqnisetorum,  in  Nova 
Acta  Acad.  Leop.  Carolina,  186;,  vol.  XXXV,— Nageli  und  Leitgeb.  Enlslehung  und  Wacbslhum 
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for  a  few  days),  show,  when  s  wn  n  i«r  or  o  damp  s  1  the  p  rpa  atory 
phases  of  germination  after  a  few  hours  In  the  cour  e  of  some  da}  the  pro- 
thallium  becomes  developed  into  a  mult  c  Uular  plate  tl  e  furll  er  gro  tl  of  1  ch 
then  proceeds  very  slowly.  The  spore  wh  ch  conta  ns  a  leus  and  1  lo  oph  11- 
granules,  increases  in  size  as  soon  a  germ  nat  on  co  nmences  becomes  pear  si  aped, 
and  divides  into  two  cells,  one  of  vl  cl  s  sn  aller  v  th  scarcely  any  except  colourle  s 
contents,  and  soon  developes  into  a  long  1  jal  ne 
root-hair  (Fig.  274,  /,  //,  ///  ^)  wh  le  t!  e 
anterior  and  larger  celi  include  all  he  chloro 
phyll-granules  of  the  spore  wh  ch  mult  pi)  by 
division.  This  cell  produces  by  fur  he  div  s  ons 
the  primary  pVate  of  the  prolhalh  m  h  ch  n 
creases  by  apical  growth  and  soo  branches 
{III-VI).  The  process  of  mult  pi  cat  on  of  the 
cells  is  therefore  apparently  extremely  rregular 
even  the  very  first  divisions  va  j  somet  es 
the  first  wall  in  the  primary  ap  cal  cell  ihch 
contains  chlorophyll  is  but  little  ncl  ned  w  h 
respect  to  the  longitudinal  axis  of  the  )0ung  plant 
(in  E.  Tdmateia  it  sometimes  co  nc  des  v  h  t) 
in  other  cases,  on  the  contrary,  th  s  cell  developes 
into  a  longish  tube,  the  apical  part  of  vhch  is 
cut  off  by  a  transverse  septum  {occasonally  n 
E.  arvensi).  The  further  growth  &  brought  about 
by  one  or  more  apical  cells  d  v  d  ng  b  trins 
verse  septa,  and  longitudinal  walls  are  subse- 
quently formed  in  the  segments  in  an  order  very 
difficult  to  determine.  Ramification  takes  place 
by  the  bulging  out  of  lateral  cells,  which  then 
continue  their  growth  in  a  similar  manner.  The 
chlorophyll-granules  in  the  cells  also  increase  con- 
tinuously by  division.  The  young  prothallia  are, 
in  E,  Jdmateia,  usually  narrow  and  ligulate,  and 
consist  of  but  a  single  layer  of  cells.  The  older 
prothallia  are,  both  in  this  and  in  odier  species, 
branched  in  an  irregularly  lobed  manner ;  one  of 

the  lobes  takes,  sooner  or  later,  the  lead  in  growth,  becomes  thicker  and  fleshy, 
consisting  of  several  layers  of  cells,  and  puts  forth  root-hairs  from  its  under  side. 

The  prothallia  of  the  Equisetacete  are,  in  general,  ditecious.  The  male  pro- 
thallia remain  smaller,  attaining  a  length  of  a  few  millimetres,  and  produce  archegonia 
only  in  exceptional  cases  on  shoots  of  later  origin    (Hofmeister).     The    female 

der  Wurzeln  (Beitr.  zur  wissen.  Bot.  von  Nageli,  Heft  IV.  Miinchen  1867).— Pfitzer,  Ueber  die 
Schutischeide  Qahrb.  fiir  wissen.  Bot.  vol.  VI.  p.  297). — Russow,  Vergl.  Unters.  iiber  die  Leit- 
biindelkiypt.  Petersbui^  1872,  p.  41, — Janczewski,  iiber  die  Archegonien,  Bot.  Zeit.  1872.  p  420. 
Van  Tieghem.  on  the  roots,  in  Ann.  des  sci.  nat  .tth  series,  vol.  XIII.— [Sadebeck,  Ueb.  die  Enlwicke- 
luiig  der  rrothallien  der  Schacbtelhalme,  Bot.  Zeit.  1877.] 
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prothallja  are  larger  (as  much  as  ^  mch) ;  Hofmeister  compares  them  to  the  thallus 
of  Anihoceros  punclaltis,  Duval-Jouve  to  a  curled  endive-leaf,  Duval-Jouve  states 
that  the  antheridia  appear  about  five  weeks  after  germination,  the  archegonia  much 
later.  These  statements  refer  especially  to  E.  arvense,  limosum,  and  palusire ; 
according  to  the  same  writer,  the  prothallia  of  E.  Telmaieia  and  sylvatkum  are 
broader  and  less  branched;  those  of  E.  ramosissimum  and  varkgaium  slenderer 
and  more  elongated. 

The  Anikeridia'  arise  at  the  end  or  margin  of  the  larger  lobes  of  the  male 


prothallium.  The  apical  cells  of  the  enveloping  layer  of  the  antheridium  contain 
but  little  or  no  chlorophyll ;  they  separate  from  one  mother  on  the  addition  of 
water  (like  those  of  Hepalicje),  to  allow  the  escape  of  the  antherozoids  which  ire 
still  enclosed  in  vesicles  and  number  from  lOo  to  150  The  hipdermost  and 
thickest  of  the  two  or  three  coifs  of  the  antherozoid  which  is  larger  m  this  class 
than   in   all   other   Cryptogams,    bears   an    append i„e   f  n    the    inner    side    which 

'  [Sadebeck,  Ueb.  die  Antheridien-Entwickelung  (ler  Scfiach  elhnlmi.      S  tibcr    d   Cei.ll  i.h 
naturfoi.  Freunde  2U  Berlin,  1S75.] 
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Hofmeisler  terms  an    undulating   Float,    Schacht  a  thin-walled  vesicle    of  proto- 
plasm, and  which  contain  granules  of  starch  and  sap  (compare  with  Ferns  and 


The  Archegonia  are  developed  from  single  superficial  cells  of  the  anterior 
margin  of  the  thick  and  fleshy  lobes  of  the  female  prothallium.  As  the  tissue 
of  the  prothallium  beneath  them  continues  its  growth,  the  archegonia  come,  as 
in  Pellia,  to  stand  on  its  upper  surface.  The  mother-cell  of  the  archegonium, 
after  it  has  become  much  curved,  divides  by  a  wall  parallel  to  the  surface  of  the 
prothallium.  From  the  outer  of  the  two  daughter-cells  is  formed  the  neck,  con- 
sisting, at 'a  subsequent  period,  of  four  parallel  rows  each  of  three  cells.  Of  these, 
the  four  upper  cells  become  very  long ;  the  four  middle  ones  remain  shorter ;  the 
four  loner  ones  scarce!)  elongate  at  all  and  contribute  by  their  mult  plication 
like  the  cells  of  the  prothall  um  whicl  =urround  the  Lentri!  cell  to  the  formatnn 
ff  the  wall  of  the  central  part  of  the  ari,hegonium  which  conssts  of  one  or  tno 
lijers  Tie  other  daughter  cell  wh  ch  is  sunk  n  the  tissue  of  the  prothalhum 
elongates  whlit  the  wall  of  the  neck  is  being  formed  an!  projects  betwt.i.n 
the  four  rovs  of  cells  constituting  it  This  projection  is  then  cut  off  by  a  seplum 
from  the  lower  large  portion  of  the  cell  Of  the  two  cells  thus  forme  1  the 
former  is  the  single  canal-cell  of  the  nei-k  and  the  latter  is  the  centra]  cell  of 
the  archegonium  The  central  cell  is  d  vided  aga  n  into  two  the  upper  being 
the  ventral  canal  cell  the  lower  contracting  and  forming  the  oo'ijhere  In  these 
processes  the  archegon  um  of  Eqmsetum  resemble  that  of  Ferns  the  onh  d  f 
ference  being  that  in  the  former  the  canal  cell  does  not  occuj.)  the  whole  length 
of  the  neck  (Janczewski)  The  four  upper  Img  cells  of  the  neck  cur\e  radially 
outwirds  when  the  canal  of  the  neck  is  bcin^  formed  tike  a  four  armed  anchor 
Immediately  after  fert  Itsation  the  canal  cf  the  neck  closes  the  oosphere  and  wh  ch 
has  now  become  the  oospore  enlarges  and  the  celK  of  (he  nail  of  the  ventral 
part  of  the  archegonium  which  surrounds  it  begin  ripidly  to  multipl} 

Development  of  the  Asexual  Generation  (Sporophore)  of  Equtselum  The 
formation  of  the  embr>o  from  the  oospore  is  the  result  of  dmsions  the  first  of  which 
IS  inclined  to  the  im  of  the  archegonium  and  is  followed  according  to  Hof 
meister  in  each  of  the  tio  cells  by  a  dn  ^iion  wall  placed  perpendicularly  to  the 
first  The  embrvo  appear  to  be  composed  of  four  cells  arranged  like  the  quarters 
of  a  sphere  The  same  author  slates  that  tie  foot  irses  from  the  loner  quarter 
the  rudiment  of  the  fir'it  shoot  fom  one  cf  the  lateral  ones  turning  upwards 
immediatelv  afterwards  and  producing  as  the  rudiment  of  the  first  leaf  a  pro 
jectng  girdle  which  then  growi  out  mto  three  teeth  (Fg  77  B)  The  apical 
cell  of  the  first  root  arises  from  an  inner  c     o    h  e 


'  [On  the  Embryology  of  Equiselum  see  Sa  be  k    J       b       wiss.  Bot.  XI.  T878,  ana  also  in 

Schenk's  Handbueh,  III.    The  embryology  of  Eqi  osc        sembles  tliat  of  Ferns  (see  infra, 

p.  426).     The  oospore  divides  by  successive  bij  ti                   gh    segments :  of  the  four  octants 

forming  the  upper  (epibasaj)  half  of  the  embry  g         n        o   the   stem,  two   give   rise   to 

the  first  leaf  (cotyledon),  and  one  gives  rise  to    h  d              f  the  four  octants  forming  the 

lower  (hypobasal)  half  of  the  embryo,  two  give  r  h                    disappears,  and  tbe  remaining 

one,  which  is  diameltically  opposite  to  the  stem-  g                   the  root.} 
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The  iirst  leaf-bearing-  shoot  grows  upwards,  and  forms  from  ten  to  fifteen 
internodes  with  leaf-sheaths  ending  in  three  teeth.  It  soon  produces  at  its 
base  a  new  stronger  shoot  with  four  to  thed  '.heaths  {is  in  F  inenu  praUns 
and  varkgatum,  according  to  Hofmeister)  whch  n  turn  gve^  origm  to  new 
genentions  tf  shoots  de%elopng  con 
stantl)  thicker  stems  and  sheaths  with  a 
larger  number  of  teeth  S  metimes  the 
tluri  or  one  of  the  succeeding  shoots 
penetrates  downwards  mto  the  ground 
forming  the  firet  perennial  rhizomi.  which 
again  produces  from  year  to  year  new 
underground  rhizomes  and  ascending  leafy 
shoots 

In  order  to  facilitate  the  understanding 
of  tbe  Moil  of  Growth  of  the  Stem  and 
L  2  es  \X  \%  necessary  to  glance  in  the  first 
place  at  their  structure  in  the  mature  stite 
I  veri  axis  of  an  Ejwelum  consists  of  a 
series  of  joints  (internodes)  usualh  hollow 
tfu  «a  ind  closed  at  their  base  b>  a  thin  seplum 
'dl^SlpKiMd  Each  jnternode  passes  upwards  into  a 
"Mhi^^E  leaf  sheath  embracing  the  next  internode 
the  sheath  being  split  at  its  upper  margin 
into  three  four  or  usuallv  a  larger  number  of  teeth  Fr^m  each  tooth  of  the 
sheith  a  fibro  vascular  bundle  runs  verUcally  downwards  into  the  mternjde  is  far  is, 
the  next  node  parillel  with  the  other  bundles  of  the  sime  internode  at  the  lower 
end  each  bundle  splits  into  two  short  diverging  limbs  by  which  it  unites  with  the 
two  neio-hbounng  bundles  of  the  next  lower  internode  where  they  descend  into 
It  from  their  sheath  teeth  The  joints  of  the  '.tern  and  their  leaf  sheaths  therefore 
alternate  and  since  in  each  jo  nt  the  arrangement  of  bundles  leaf  teeth  projecting 
longitudinal  ndges  and  depressions  or  furrows  is  e\actl\  repeated  in  the  transverse 
section  the  different  parts  of  a  joint  alwajs  correspond  to  the  mter\als  between 
the  homologous  parts  of  the  next  ufper  -ind  ncit  lower  joint  If  the  internode 
has  projecting  longitudinal  ridges  on  its  surfate  one  of  thebe  alwa\ 
wards  from  the  apex  of  each  leaf  tooth  parallel  will  the  others 
base  of  the  internode  between  eich  \\\t  of  leaf  teeth  commences  a  firroa  or 
channel  wh  ch  also  continues  as  far  as  the  base  of  the  internode  Ihe  projecting 
?  on  the  same  ridn  as  ihe  fibro  \ascukr  bundle  each  of  whch  contains 
_,r  canal  the  depressions  or  furrows  he  on  the  same  radii  as  the  lacuna  of 
the  cortical  issue  {which  are  sometimes  wanting)  and  alternate  with  the  fibro 
\ascular  bundles  The  branches  and  roots  spnng  exclusiveh  from  within  the 
base  of  the  leaf  sheath  and  as  this  forms  a  whorl  the  branches  and  roots  are 
aho  verticillate  A  root  miy  arise  beneath  the  bud  of  eath  branch  both  break 
through  the  leaf  sheilh  at  ils  base  All  the  joints  of  the  i\i  agree  m  these  respects, 
however  thej  may  be  modified  as  ' 
leafy  branches  or  sporangiferous  a 


i  runs  down 
B   far  as   the 


ndges 


r„round  ihizomes    tubers    iscend  n^, 
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The  end  of  the  stem,  enveloped  by  a  large  number  of  younger  leaf-shealhs, 
terminates  in  a  large  apical  cell,  the  upper  wall  of  which  is  arched  in  a  spherical 
manner,  while  the  three  infero-lateral  walls  are  almost  plane.  The  apical  cell 
has  therefM-e  the  form  of  an  inverted  triangular  pyramid,  the  upturned  basal 
surface  of  which  is  a  nearly  equilateral  spherical  triangle.  The  segments  are  cut 
off  by  walls  which  are  parallel  to  the  oblique  sides  of  the  apical  ceil,  that  is,  to 
the  youngest  primary  walls  of  the  segment ;  the  segments,  disposed  in  a  spiral  ^ 
arrangement,  lie  in  three  vertical  rows.  Each  segment  has  the  form  of  a  triangular 
plate  with  triangular  upper  and  under  walls,  rectangular  lateral  walls  lying  right 
and  left,  and  an  outer  rectangular  wall  which  is  curved.  Each  segment  is  first 
divided — as  was  shown  by  Cramer  and  Reess  and  confirmed  by  myself — by  a  wall 
parallel  to  the  upper  and  under  surfaces  into  two   equal  plates  lying  one  above 


another,  and  consequently  each  h  If   h    h   gh 
half-segment  is  then  again  halved         h 
wall.     The  segment  now  consists    f  f  1 

and  reach  as  far  as  the  centre,  bu    1        h  i 

not  accurately  radial  but  interse  f    h 

anodal  wall),  (Fig.  279,  -E").     D  w  tat 

the  four  cells  of  each  segment  p      11  1         h 
tangential  divisions  also  soon  m  k      be       pp 
split  up  into  inner  and  outer  cell  wh    h  f     I 

The  former  produce   the  pith,      h    h  t 

the  base  of  each  internode  by  th        p  f 

leaves  and  the  entire  tissue  of  th    1    1! 


1    as     bj 


and    1 
by  wh 
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been  menLioned,  disposed  originally  in  a  spiral  with  ^  arrangement;  and  since 
each  segment  without  exception  (as  in  Mosses)  produces  a  leaf  or  what  corresponds 
to  a  part  of  a  leaf-sheath,  the  leaves  of  Equueium  must  also  be  arranged  in  a 
spiral.  This  does,  in  fact,  sometimes  occur  when  the  growth  is  abnormal;  but 
when  the  growth  is  normal,  a  small  displacement  takes  place  at  a  very  early 
period,  of  such  a  nature  that  the  three  segments  which  form  a  cycle  always 
come  to  be  arranged  into  a  disc  transverse  to  the  stem,  their  outer  surfaces  thus 


forming  an  annular  zone  or  girdle.  According  to  Reess,  to  whom  this  observation 
is  due,  the  three  segments  of  each  cycle  are  formed  in  rapid  succession,  while 
a  longer  time  elapses  between  the  formation  of  the  last  segment  of  the  preceding 
and  that  of  the  first  of  the  succeeding  cycle.  Thus  by  the  unequal  growth  of 
the  segments  in  longitudinal  direction  each  cycle  of  segments  or  turn  of  the 
spiral  produces  a  whorl,  which  therefore,  strictly  speaking,  is  a  pseudo-whorl, 
because  resulting  from   subsequent  displacement.     Each  whorl  of  segments  now 
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forms  a  kaf-sheath,  and  the  corresponding  internode  or  joint  of  the  stem.  The 
above-mentioned  divisions  take  place  in  the  three  segments  during  then-  arrange- 
ment into  a  transverse  disc,  each  segment  becoming  converted  into  a  mass  of  cells 
consisting  of  from  four  to  six  layers.  As  soon  as  tbe  transverse  zone  is  formed, 
the  formation  of  the  leaves  commences  by  the  growth  of  the  outer  cells  of  the 
segments.  They  form  an  annular  ridge;  one  of  the  upper  transverse  cell-layers  of 
tbe  whorl  of  segments  projects  out- 
wardly, forms  the  apex  (the  circular 
apical  line)  of  the  ridge  (Figs,  279,  280, 
l>s),  and  those  of  its  cells  which  lie 
most  externally  (the  apical  cells)  divide 
by  walls  inclined  alternately  towards 
and  from  the  asis.  The  circular  apical 
line  becomes  more  and  more  elevated, 
and  thus  the  antiular  ridge  becomes  a 
sheath  enveloping  the  end  of  the  stem. 
This  same  layer,  of  which  the  outer- 
most cells  form  the  apical  line  of  the 
annular  ridge,  produces  in  the  interior 
of  the  sheath  a  meristem  in  which  the 
flbro-vascular  bimdles  of  the  leaf-sheaths 
arise.  The  lower  transverse  cell-layers 
of  the  whorl  of  segments  grow  only 
slightly  outwards  and  upwards,  become 
divided  by  vertical  and  afterwards  rapidly  • 
by  transverse  walls,  to  produce  the 
tissue  of  the  internode,  which  passes 
gradually  into  that  of  the  leaf.  A  ver- 
tical layer  of  this  tissue  forming  a  hollow 
cylinder  (Fig.  280,  v  v)  is  distinguished 
by  numerous  vertical  divisions;  it  forms 
a  ring  of  meristem  (procambium,  thick- 
ening-ring in  Sanio's  sense),  in  which 
the  vertically  descending  fibro-vascular  fi 
bundles  of  the  internode  are  formed,  /tin. 
These  bundles  form  the  prolongations  •«  »•  pih,  ■» :- s- ihirtenmg  ring.  ^  i- ia,er  of  cdis  i™ "wIm  i?o' 
of  those  of  the  leaf-teeth,  which  they 

meet,  as  shown  in  Fig.  2Si,gg^,  at  an  obtuse  angle,  and  coalesce  to  form  curved 
'  common'  bundles.  The  layers  of  cells  which  lie  outside  the  ring  of  nierislem 
that  gives  rise  to  the  bundles  produce  the  cortex  of  the  internode,  in  which  air- 
conducting  canals  soon  arise.  Even  at  an  early  period  the  first  rudiments  of  the 
sheath-teeth  appear  as  protuberances  at  regularly  distributed  points,  each  of  them 
ending  in  one  or  two  apical  cells  (Fig.  283)'. 


■e  of  the  sheath-teeth,  & 
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The  Bran  hing  of  the  Equisetacese  depends  exclusiiel>  on  the  formation  of 
lateral  buds  Lich  of  these  is  formed  from  a  superficial  cell  lying  just  above  the 
joung'e  t  foliar  girdle  and  this  takes  place  it  points  alternating  with  the  sheath  teeth, 
long  before  the  differentiation  of  the  fibro-vascular  bundles  [It  was  thought 
that  these  buds  were  of  endmenous  ongin^  but  the  reseirches  of  Janczewski  and 
of  Famintzm  hive  shown  that  this  is  not  the  case']  Hofmeister  was  the  first  to 
show  that  each  bud  proceeds  from  a  "iingle  cell  of  the  tissue  and  although  I  have 
myself  never  seen  it  in  a  unicellular  condition  I  have  found  rudimentarj'  branches 
compobed  of  only  two  or  four  cells  and  these  shovved  thit  even  the  first  three 
divisions  of  the  mother  cell  of  the  branch  are  inclined  m  three  directions  in  such 


r  that  a  trilaterally  pyramidal  apical  cell  is  produced;  and  the  first  three 
divisions  thus  form  the  first  three  segments.  Lateral  buds  of  the  rhizome  of 
E.  Tdmateia  and  E.  arvense,  late  in  the  autumn  or  early  in  the  spring,  usually 
show  in  longitudinal  section  all  the  stages  of  development  of  the  buds.  After 
they  have  formed  several  foliar  girdles  and  their  apex  is  covered  by  a  firm  envelope 
of  leaf-sheaths,  they  break  through  the  base  of  the  parent  leaf-shealhs.  They 
may  also  remain  dormant  for  a  long  period,  as  is  shown  by  the  circumstance 
that  buds  break  out  when  the  underground  nodes  of  ascending  stems  are  exposed 


'  See  also  the  account 

'  [Janciewski,  RecK.  s 

bourg,  XX.  1876-77,— Far 


)f  the  JungenoEinnieEc,  p.  351). 

rledev,  des  bourgeons  dans  lesPr§les;  M^m.  Soc.  de  Sci.  Nat.de  Cher- 

intzin,  Bull,  de  I'Acad.  Imp,  d.  St.  Petersbourg,  XXn,  1S76,] 


vGooqIc 


EQVISETINEM. 


401 


to  the  light.  It  may  be  assumed  that  there  is  always  as  large  a  number  of  buds 
in  a  rudimentary  condition  as  there  are  sheath-teeth.  On  the  erect  leafy  stems 
of  E.  Telmaieia,  E.  arvenss,  and  other  species,  they  all  attain  complete  development,' 
and  produce  the  numerous  slender  gjeen  leafy  shoots  of  these  species ;  in  other 
species  the  development  of  the  branches  is  more  sparing;  some,  as  E.  htemale, 
usually  form  no  aerial  lateral  shoots  at  all  except  when  the  terminal  bud  of  the 
stem  is  injured,  and  then  the  node  next  below  produces  a  shoot.     Branches  do 


1  the  form  of  complete  whorls. 


not  usually  make  their  appearance  on  rhizi 
but  in  twos  or  threes,  but  on  the  other 
hand  they  are  more  vigorous;  they  be- 
come either  new  rhizomes  or  ascending 
stems.  Since,  in  the  cases  first  mentioned, 
the  buds  arise  like  the  leaves  in  strict 
acropetal  succession,  it  may  be  assumed 
that  where  the  production  of  shoots  is  only 
induced  at  a  later  period  by  accidental 
circumstances,  the  buds  have  up  to  that 
time  remained  dormant  in  the  interior. 

The  Roots  arise  in  whorls,  each  im- 
mediately below  a  bud ;  but  they  may  also 
often  be  suppressed,  and  may  be  deve- 
loped, according  to  Duval-Jouve,  even  on 
aerial  nodes,  by  humidity  and  darkness. 
Tl  d  1  pment  has  been  studied  by 
N  g  1  nd  L  geb  (/.  ^.) ;  in  its  earliest 
s  a  h    h    are    represented    diagram- 

ma       lly    n  Fg.  Z84,  it  resembles  es.sen 
I  y   h     of  F    ns.     The  corte\  is  differ 
d  n  o  an  inner  and  an  outer  lajer 
h     fo  m      fo     s  air-conducCmg  mtercel 
I  first  arranged,  like  the  cells 
L    adial  and  concentric  rows, 
I    combining  by  the  rupture 
n  o  a   large  air-cavity  sur- 
ntral  libro- vascular  cylinder, 
cular  cylinder  of  the  root 
n    in    transverse    section),     i^I^o thepfoithm'Smediiph^^^  '"^  "™^  "^  """ 
hree    primary    cells    which 
al        of    h  reach  the  centre  is  first  of  all  divided  by  a  tangential  wall,  so  that 

dm  of  the  vascular  bundle  now  consists  of  three  inner  and  six  outer  cells. 
The  six  outer  cells  produce  a  cambia!  tissue  in  which  the  formation  of  vessels 
begins,  commencing  from  two  or  three  points  of  the  circumference  and  advancing 
towards  the  interior.  Last  of  all  one  of  the  three  inner  ceils  forms  a  broad  central 
vessel ;  and  phloSm  is  produced  in  the  circumference  of  the  vascular  cylinder,  In 
the  other  vascular  Cryptogams  the  innermost  layer  of  the  cortical  tissue  forms 
the  bundle-sheath  {Pkromscheide,  Schuizschside),  the  radial  walls  of  the  cells 
Dd 
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having  ihe  characteristic  folding,  but  in  the  Equisetace*  it  is  the  last  layer  but 
one  of  ihe  cortical  tissue  which  presents  this  appearance,  whilst  the  innermost 
layer  which  directly  abuts  upon  the  axial  cylinder  seems  to  supply  the  place  of 
the  pericambium  which  does  not  exist  in  the  roots  of  these  plants.  This  innermost 
layer  differs  from  the  pericambium  of  the  roots  of  other  Vascular  Cryptogams  in 
that  the  lateral  roots  take  origin  from  it,  so  that  here  also,  as  in  all  other  Vascular 
Cryptogams,  the  lateral  roots  arise  from  the  innermost  layer  of  the  cortical  tissue. 
As  a  pericambium  is  wanting  here,  the  commencing  roots  arise  in  immediate 
proximity  to  the  external  vessels  of  the  axial  cylinder.  The  cells,  each  one  of 
which  gives  rise  to  a  lateral  root,  are  formed  in  strictly  acropetal  succession  in 
the  innermost  cortical  layer  on  the  outer  side  of  the  primary  xylem-vessels '. 

The  Sporangia  of  Equiselaceie  are  outgrowths  of  peculiarly  metamorphosed 
leaves  which  are  generally  formed  in  numerous  whorls  at  the  summit  of  ordinary 


shoots  or  of  those  specially  destined  for  this  purpose.  Above  the  last  sterile  leaf- 
sheath  of  the  fertile  axis  an  imperfectly  developed  leaf-sheath  is  lirst  of  all  produced 
(Fig.  285,  a),  a  structure  corresponding  in  some  degree  to  the  bracts  of  Phanerogams. 
The  development  of  this  structure  is  sometimes  more,  sometimes  less  leaf-like  ;  foliar 
girdles  are  formed  above  it  in  acropetal  succession  beneath  the  growing  end  of 
the  shoot,  projecting  however  but  slightly,  as  in  ihe  ordinary  formation  of  leaves 
of  Equiselum.  A  large  number  of  protuberances  project  from  each  of  these  girdles, 
corresponding  to  the  teeth  of  the  ordinary  leaf-sheaths ;  and  thus  several  whorls  of 
hemispherical  projections  are  formed  lying  closely  one  over  another,  which,  in- 
creasing more  rapidly  in  size  at  their  outer  part,  press  against  one  another,  and 
thus  become  hexagonal,  the  successive  whorls  alternating ;    while  the  basal  (inner) 


'  [See  Van  Tieghem,  La  Raciiic,  Paris 
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portion  of  each  protuberance  remains  slender,  and  forms  Lhe  pedicel  of  the  hex- 
agonal peltate  scale.     The  outer  surface  of  these  scales  is  tangential  to   the  axis 
If.!^         11  "i"        dfghax      arise  the  sporangia,  five  or  ten  in 

n      b  11  h         ly       g        f  d    etopment  each  single  sporangium 

1        h     pp  fa        II    1       mini     wart;    [an  axial  row  of  the  cells 
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Ej  r        !   y  h        m  d      h         pj        nee  as  naked  pnmordial  cells  by 

h    d  f  f    h       n     h  1       1     vs  the  pei-uliaritv  of  a  successive 

f    ma     n       d  E    h    p       f    m    fa    t  of  all  an  outer  non  cuticularised 

p  bl      f    w  11  h    h     pi     ng      b    q  entlv  mto  t«o  spiral  binds,  forms 

1      o-    11  d  nd       d    h    i  n  afterwards  making  their  appear 

h  Al  h       1         fi        I      ly  pon  another  like  successive  U)ers 

f  gl  b         h        h       p  pi       1  in  water,  the  outer  cne    e\en  at 

this  period,  swells  up  strongly  and  becomes  detached  from  the  others  {Fig.  286, 


'  [On  the  development  of  the  spores 


asbiirger,  Zellbildung  und  Zelltheilung.  jtdcd..  p.  155.] 
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B)  The  three  coits  mi>  be  easilj  distinguisbed  even  in  the  quite  fresh  spore 
when  phced  m  distilled  «iter  (A)  (m  the  cisc  of  E  liniosum),  the  outer  one 
(i)  being  colourless  the  becond  (2)  hght  blue,  and  the  tlnrd  {3)  yellowish  As 
the  development  advances  the  outer  coat  is  separated  like  a  loose  ime&traent  from 
the  bod)  of  the  spore  {C,  d  .)  and  at  the  «ame  time  its  division  into  elaters  is 
first  indieited  The  optical  longitudinal  section  shons  that  the  spinl  thickenmg 
band-i  of  this  coat  are  separated  onlv  bj  verj  narrow  spaces  of  thin  membrane  {D, 
£),  these  at  length  entirelj  disappear  and  when  the  surrounding  air  is  dry,  the 
thicker  pirts  separate  from  one  another  as  'ipiral  band--  forming  when  unrolled 
a  four-armei  cros'j  they  are  united  bj  their  centre  and  attached  there  to  tha 
second  coit  It  is  probably  this  spot  which  mv.  be  recognised  even  in  the 
unripe  spore  in  the  form  of  in  umbilical  thickemnc;  («  m  A  and  B)  In  the 
fully  developed  elaleri  an  external  very  thin  cuticularised  lajer  may  be  distm 
guished  Thej  are  extremely  hvirroscopic ,  when  the  air  is  dimp  they  are  rolled 
round  the  sptre  but  when  dri   are  again  uniolled      When  this  alternation  takes 


place  rapidly  (as  when  lightly  breathed  on  tmder  the  microscope),  the  spores  are  set 
in  active  motion  by  the  bendings  of  the  elaters.  If  spores,  the  outer  coat  of  which 
has  not  yet  become  split  up  into  elaters,  but  which  already  show  the  corresponding 
differentiations  {D,  £),  are  allowed  to  lie  for  some  time  in  glycerine,  the  spore 
contracts  considerably,  surrounded  by  its  inner  coat,  while  the  second  cuticu- 
larised coat  r^ses  itself  from  the  former  in  folds.  The  inner  coat  is  differentiated  into 
a  granular  cuticularised  exospore,  and  an  endospore  of  cellulose. 

Very  little  need  be  said  about  the  Clauijicathn  of  Equisetaces,  as  all  exi.sting  forms 
are  so  nearly  related  to  one  another  that  they  may  be  included  in  a  single  genus,  Equi- 
selum.  Even  the  Equisetacese  of  earlier  geolopeal  periods,  the  Calamites,  show,  in  the 
little  that  is  still  discernible  of  their  organisation,  the  closest  agreement  with  existing 

The  Habit  of  the  Equisetacei  is,  like  their  morphological  structure,  of  a  very 
characteristic  kind.  In  all  the  plant  is  perennial  hf  means  of  creeping  underground 
rhizomes,  from  which  ascending  aerial  shoots  rise  annually,  mostly  lasting  only  for  one 
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period  of  vegetation,  iess  often  for  several  years  The  bpor^ng  terous  spkes  appear 
either  at  the  summit  of  these  axes,  which  are  at  the  same  time  the  organs  of  assimi 
lation,  or  on  special  fertile  shoots  which,  when  dest  tute  of  chlorophyll  and  unbranched 
die  after  the  dissemination  of  the  spores  {E  arvenie  and  Telmate  a)  or  throw  off 
the  terminal  spike  and  act  as  vegetative  shoots  (E  yliaticu  n  and  pratose)  The 
fertile  axes  are  developed  from  the  undergro  nd  ternodes  of  tl  e  erect  vegetative 
axes;  they  remain  during  the  summer,  in  «h  ch  the  htter  are  nfolded  n  the  bud 
condition  beneath  the  ground,  but  during  this  perol  ether  develope  the  r  sporang 
ferous  spikes  so  far  that  in  the  next  spring  noth  ng  is  necessary  e^tcept  elongat  on  dnd 
the  dissemination  of  the  spores  {E  arvense  praUnse  Telmateia,  &c.),  or  the  spikes  attain 
their  full  development  only  in  the  spr  ng  after  the  elongation  of  the  axes  which  bear 
them  (E.  Ibnaium).  The  habit  of  the  aer  al  shoots  is  determined  especially  by  the 
number  and  length  of  the  verticillate  usually  very  slender  lateral  branches;  in  some, 
as  E.  hiemale,  traehyodoa,  ramosii  n  n  and  larfgatutit,  they  are  generally  entirely 
wanting ;  in  others,  as  E,  paliutre  and  /  mo  they  are  few ;  in  others  again,  as  E.  /ir- 
•vense,  leimateut,  and  lylvatician,  the)  are  de  eloped  in  large  numbers.  The  height 
of  the  leafy  stem  is  in  our  native  species  mostly  from  1  to  3  feet ;  in  B.  lelmatiia, 
where  the  ascending  axis  of  the  sterile  shoots  is  colourless  and  destitute  of  chloro- 
phyll, it  attains  a  height  of  4  or  5  feet  and  a  thickness  of  about  \  inch ;  while  the  green 
slender  leafy  branches  are  even  in  this  case  scarcely  \  line  thiclt.  The  Ullest  stems 
are  produced  by  E.  gigaiiteum  in  South  America,  as  much  as  a6  feet  high,  but  only  about 
the  thickness  of  the  thumb,  and  are  kept  in  an  upright  position  by  neighbouring  plants. 
The  CaJainiles  were  as  lofty,  and  as  much  as  i  foot  thick.  The  rhizomes  mostly  creep 
at  a  depth  of  from  2  to  4  feet  beneath  the  ground,  and  extend  over  areas  10  to  50  feet 
in  diameter;  but  are  also  found  at  a  much  greater  depth.  They  prefer  damp,  gravelly, 
or  loamy  soil,  their  thickness  varying  from  i  to  2  lines  to  as  much  as  J  inch  or  more. 
The  surface  of  the  internodes  of  the  rhizome  is,  in  some  species,  as  E.  lelmaieia  and 
lyl-vaticunt,  covered  with  a  felt  of  brown  root-hairs,  which  also  clothe  the  leaf-sheaths  of 
the  underground  part  of  ascending  stems,  a  peculiarity, which  reminds  one  of  Ferns. 
In  some  species,  as  E.  limcuuia  and  palmtre,  the  surface  is  smooth  and  shining,  while  in 
others  it  is  d  II     Th     •  Ife         d  f  f  th      '    al   t  lly  b  t  I'ttl    d 

Ipd        th         dgrdt  sotmthhm  ttdTh  tl 

Ifth  t  dismtmeswtg  thh  esbtthi  letth 
fib        asc  I      b      II      (  I      nal  )      d  th  se     f  th         rt      I  p  h)        (HI 

I)  lw>P         tth  hhthtss  q  dhh  tti 

th  II  y       mpa  t  so  1  rr    d  by  thes  1    f    m  th  f        t     th 

d    gr       d      g  A  t!      cas       t  th      p  kcs,  th     f    m  t  f  th     bra     h        f 

th     1     fy    t         h        1      dy  tak       pi  t     ly  t  1      t  t         g      t       t     t        th 

p       digy  th        dg        dbdsotht        th  gth       tod        tth 

sc     d    g  h  ly  t         t     d      d  th      I     d      lat  ral  bra     i       t         f  Id  y  b 

seen  with  espeaal  ease  m  E.  Tdmatfia.  All  the  more  important  cell -formations  and  the 
processes  of  morphoiogical  differentiation  thus  take  place  nnderground;  the  aerial  un- 
folding has  for  its  main  purpose  only  the  dispersion  of  the  spores  and  assimilation  by  the 
leafy  shoots,  by  the  exposure  of  the  cortes,  which  contains  chlorophyll,  to  light.  The 
rapid  growth  of  the  upright  stems  in  the  spring  is  especially  brought  about  by  the  simple 
elongation  of  the  intemodal  cells  already  formed,  although  permanent  intercalary  growth 
of  the  internodes  sometimes  also  takes  place,  and  especially  at  their  base  within  the 
sheaths.  The  tissues  often  remain  there  for  a  long  time  in  the  young  state,  and  in  E. 
hiemale  the  shorter  internodes  grow  out  of  their  leaf-sheaths  after  passing  through  the 
winter,  and  they  are  then  lighter  in  colour;  the  shorter  they  were  before  the  winter, 
the  more  they  elongate  afterwards. 

Special  Organs  for  Vegetat'rve  Propagathn,  like  those  of  Mosses,'  are  not  found  in  the 
EquisetacesE  any  more  than  in  Ferns;  but  every  part  of  the  rhizome,  and  the  under- 
ground nodes  of  ascending  stems,  are  adapted  for  the  production  of  new  stems.     In 
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some  specie?  some  of  the  underground  shoots  swell  up  into  ovoid  (E.  /irveaie)  or  pear- 
shaped  (E.  Telmateia)  tubers  about  the  size  of  a  hazel-nut ;  Duval-jouve  states  that 
these  occur  also  in  E.paluitre,  syl-vaticum,  and  littorale,  but  in  other  species  {E,  praletue, 
Hmojian,  ramosisjimum,  varUgatum,  and  biemale)  they  have  not  yet  been  observed.  The 
tubers  are  produced  by  the  rapid  increase  in  thickness  of  an  internode  at  the  end  of 
which  is  situated  the  terminal  bud ;  this  may  repeatedly  form  tuberous  internodes  so  that 
the  tubers  become  moniliform,  or  they  may  develope  simply  as  a  rhizome,  or  sometimes 
a  central  internode  of  a  rhizome  is  developed  in  a  tuberous  manner.  The  parenchyma 
of  these  tubers  is  filled  with  starch  and  other  food-materials;  they  may  apparently  long 
remain  dormant  and  form  new  stems  under  fayourable  circumstances. 

Among  the  Forms  ofliisue  of  the  Equisetaceae '  the  epidermal  system  and  the  funda- 
mental tissue  are  in  particular  developed  in  a  great  variety  of  ways.  The  fibro- vascular 
bundles,  which  in  Ferns  are  so  thick  and  so  highly  organised,  especially  in  their  xylem- 
portion,  appear  to  be  less  developed  in  the  EquisetaceEC ;  they  are  slender,  the  lignification 
of  the  xylem-portion  very  slight  (as  in  many  water  and  marsh  plants) ;  the  firmness  of 
their  structure  is  chiefly  due  to  the  epidermal  system  with  Its  highly  developed  epidermis, 
and  to  the  hypodermal  fibres.  What  follows  has  special  reference  to  the  internodes; 
the  leaf-sheaths  are  usually  simil    ly        st  t  ted   n  th       1  d        t    1  p  rts;  at  the 

teeth  the  tissue  is  simpler  and  som  wh  t  d  fF       t 

The  Epidermal  Celh   are  m    tly     1     g  t  d         th     d       t  f  th  ,  aud  are 

arranged  in  longitudinal  rows  sep      t  d  by    ra        rs  1  ghtl>      bl  q        vails ;    the 

boundary-walls   of  the   adjoining       11  ft  d  1  t    g       Th       p  d      lis  of  the 

underground  internodes  is  almost    Iwydttttt        t         d  tt  cells  with 

either  thick  or  thin  walls,  usually  browuj  which,  m  some  species,  as  E.  Telmateia  and 
afvease,  develope  into  delicate  root-hairs.  The  epidermis  of  the- deciduous  sporangi- 
ferous  stems  of  the  species  just  named  is  similar  to  that  of  the  rhizome  and  without 
stomata;  and  the  same  is  the  case  with  the  upright  colourless  sterile  stem  of  E.  Tel- 
mateia. On  all  the  aerial  internodes  which  contain  chlorophyll,  on  the  leaf-sheaths  and 
on  the  outer  surface  of  the  peltate  scales,  the  epidermis  possesses  numerous  stomata 
which  always  lie  in  the  channels,  never  on  the  ridges,  and  are  arranged  in  longitudinal 
rows  either  single  or  lying  close  to  one  another.  On  the  ridges  the  epidermal  cells  are 
long,  in  the  channels  between  Ihe  stomata  shorter.  All  the  cells,  even  those  of  the 
stomata,  have  their  outer  walls  strongly  silicified,  and  exhibit  very  often  on  their  outer 
surface  protuberances  of  various  forms,  which  are  also  and  indeed  peculiarly  strongly 
silicified.  These  protuberances  resemble  iine  granules,  bosses,  rosettes,  rings,  transverse 
bands,  teeth,  and  spines ;  on  the  guard-cells  they  usually  occur  in  the  form  of  ridges, 
running  at  right  angles  to  the  orifice.  The  guard-cells  are  generally  partially  covered 
by  the  neighbouring  epidermal  cells.  The  mature  stoma  appears  to  be  formed  of  two 
pairs  of  guard-cells  lying  one  over  another ;  Strasburger  asserts  that  these  four  cells 
arise  from  one  epidermal  cell,  and  lie  at  first  side  by  side  at  the  same  level.  Only 
at  a  later  period  the  two  inner  ones  (the  true  guard-cells)  become  pressed  inwards  and 
overreached  by  the  two  outer  ones  which  grow  more  ripidlj  Bundles  or  layers  of  firm 
thick-walled  cells  (Hypodermal  Tissue)  are  of  common  occurrence  beneath  the  epi- 
dermis of  rhizomes,  of  upright  stems,  and  ot  their  leafy  shoots  (with  the  exception 
of  the  deciduous  sporangiferous  stems)  In  the  rhizomes  thev  form  a  continuous 
stratum  of  brown-wailed  sclerench\ma  consisting  of  several  lajers;  in  the  aerial  inter- 
nodes they  are  colourless  and  are  developed  with  especial  prommence  in  the  projecting 
ridges. 

The  Fundamental  Tissue  of  the  internodts  consists  in  the  miin  of  a  colourless  thin- 
walled  parenchyma  occurring  only  in  the  rhizomes  the  deciduous  sporangiferous  stems, 
and  the  colourless  sterile  axes  of  £  Telmateia      The  green  colouring  of  the  other  shoots 

'  [For  ftiither  details  on  ihls  subject,  see  De  Barj,  Verglcichende  Anatomic  tier  Vegetations, 
organe  der  Phanetogamen  und  Fame,  iS^J.] 
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is  caused  by  layers  consisting  of  from  i  to  j  strata  of  parenchj  t         g    hi      pb  11 

(the  cells  lying  transversely).     This  green  tissue  lies  especially  b         th  th    f        w 
responding  to  the  stomata,  and  appears  in  a  transverse  sectio    a>     bb       h  ped       ss 
concave  outwardly ;   in  the  slender  leafy  branches,  where  th       dg  t  m  se 

the  transverse  section  to  have  a  stellate  outline  {e.g.  E.  ar-v       )  th     t  ta       g 

chlorophyll  is  in  excess.     The  vallecular  canals,  which  corre  po  d  t     th    f        w 
in  the  fundamental  tissue  by  separation  and  partially  by  rnpt  f  th       11     tl    )  m  y 

be  absent  from  the  slender  leafy  branches. 

The  Fibro-vajcular  Bundles  are  arranged,  in  a  transverse        t  1  th        t  m    I 

as  in  Dicotyledons,  in  a  circle,  each  corresponding  to  a  ridg       f    h         rf         b  t 
the  cortical  canals  but  somewhat  nearer  the  centre.     In  the  t  th      p         g  f 

stems,  where  the  diaphragms  are  wanting,  they  run  in  the  s  m  d  b     d       t 

singly  into  the  pedicels  of  the  peltate  scales  (as  into  the  sheath  t    th)      Th    b     dl        i 
a  shoot  are  all  parallel  to  one  another;    each  bundle  is  the  It     f  th  lesc 

of  two  portions;  one  of  these  belongs  to  the  leaf-sheath  an  I  d      I  |  th         d 

line  of  one  of  its  teeth  from  below  upwards ;  the  other  portioi  dip  tl  t  m  d 
itself  from  above  downwards  At  the  angle  where  the  two  p  t  m  t  th  f  m 
t  ftssbg  bthdth  d  pptdt  tllw 

d     f       h  b     dl         t      by  t       I  t  ral  th  tl      t  t    It       t 

b     dl«.    fth  tlw  t         d    (Fg     78)     th    Eq       t      £6  h        th      f  ly 

m  b     dl  I      t  rs  t  th         b 

tyl  d         esp       Ily    I  G  ass        th     first  t  d         1 

b  !     g    g  t     th  d     t  g  th      w  th  th    th 

tly  d    t    y  d       d  I  (  IJ      m 
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[Professor  W.  C.  Williamson  is  led  by  a  study  of  the      t  m  1  t  f  C  lamites  and 

Calamodendra '   to  the  conclusion  that  in  England  at  least  w     h         b  t  gr     P    f  these  fossil 

plants.      When  young  their  vascular    zone,  separating  amdllryf  !p  renchyma, 

was  scarcely  more  than  a  thin  ring  of  longitudina!  canals  1  f  h  h  h  d  f  w  ssels  at  its 
outer  bolder.    In  this  slate  the  structure  of  the  plant  pres    ted        I  mbl  t    that  of  a. 

recent  Equiseium.  But  as  the  plant  grew  in  size,  new  vessels  were  added  to  the  Citenor  of  the  pre- 
esisting  bundles,  so  that  each  of  the  latter  became  the  starting-point  of  a  woody  wedge  which  con- 
tinned  to  grow  peripherally  imtit  it  assumed  large  dimensions.  In  some  specimens  these  wedges 
measure  fully  two  inches  between  the  canal  marking  their  medullary  angle  and  their  peripheral  or 
cortical  base.  Each  wedge  is  compo5ed  of  vertical  radiating  lamina:  of  barred  or  reticulated  vessels 
separated  by  cellular  rays.  The  medullary  portion  became  iistular,  as  in  the  recent  Eqiiisetaces, 
at  an  eariy  age,  and  when  the  lislular  cavities  became  filled  with  sand  or  mud,  the  very  thill  layer 
of  medullary  cells  which  remained  did  not  prevent  the  sand  from  moulding  itself  against  the  inner 
angles  of  the  vertical  woody  wedges,  which  thus  produced  the  longitudinal  grooves  so  characteristic 
of  the  casts  commonly  seen  in  collections.  In  such  specimens  most  of  the  vegetable  elements  dis- 
appeared during  fossilisation,  and  what  remained,  in  the  shape  of  a  thin  film  of  coal,  moulded  itself 
upon  the  medullary  cast,  and  gave  to  the  specimens  the  appearance  of  having  had  corresponding 

'  [On  Fossil  Bquisetaoete,  see  Williamson,  Mem.  Lit.  Phil,  Soc.  Manch.  3rd  ser.  vol.  IV. 
pp.  IJ5-183;  Ditto,  Trans.  Roy.  Soc,  vol.  CLXI.  pp.  477-510:  also  vol.  CLXJX,  Part  2,  1878.— 
Coemans,  Joum.  Bot.  1869,  pp.  337-340, — Dawson,  Ann.  Nat.  Hist,  4th  ser.  vol.  IV.  pp.  272-273.^ 
Giand'Eury,  Ann.  Nat.  Hist.  4th  ser.  vol.  IV.  pp.  124  liS  ;  Compt.  Rend.  vol.  LXVIII.— M'Nab, 
Journ.ofBol.  1873,  pp.  72-80.] 
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pecimen  of  which  the  inlernal 

mbers— sustains  this  latter  eon- 

e  indicating  a  smooth  surfiice, 

e  ng  alike  absent. 

Uular  tissue,  and  we  now  have 

it  which  ultimately  attained  to 

nil       th    k    s, 

h    IV  ody     edg  t     il  J        t  cally  th       j,h        h      t         d       ilhout    nter  uplion   but  at  the 

h     edg     pi  t     t    t       hi  h  h  If       les  ll     h    Lontiguout  h^If  of  the  wedge 

t  t      t  t     f    m  f  th    w  dg        f  Ih  L     t        d       At  each  node  m  )oung  stems 

11     11  1&-         1      b    dl      p      ed      t     rd.  th      gh  the  vascular  2one  to  supply  some 
i      g  p    b  My        I   ill  t    1  and  b        h         B  t  most  of  the  Htter  became 

'    V  and        jmmelncally  disj.o'ied     Stems  and 
aa  y  e.  (^         s    treea      Besides    these   diver 
h     od     thcrt.  passed  oul»ards   through 
pen  11  joung  shoots    and  near  the 

Lced    glj    egul        erticil  of  primary  canals    with 
ca   ty  thr    gh  the  woody  zone  to  the  bark, 
h    f  th    1   ge  cellular  nys  which  separated 
im      f      1     d  casts  the-e  canals  are  indicated 
g   mj     ss  which  some  writers  haie  eiro 

I       b     dl      g      g  to  leives  or  branches      But 
Ih  J  t  in  d        J  It  h  t  Of  11       1       es    of  Ca/amilc   we  haie  but 

I  1 1      k         Icdg        !th     gh  ha         d     t  fi  d   th  m  w  th  th  se   ot  AslfropiylMes  and  Sfheno- 

Phyll 

Professor  Will   m        ha,      ly    bt        1  pi      f      fn  I  which  he  can  with  confidence 

idendfywith  Caian  /     ifi  f   m    fCl       t    n^i    bl      \\  11  amson,  in  Mem.  Lit.  Phil,  Soc. 

Manch.  3rd  ser.  IV  p     48)      It  t    b  1      th      tn   1         f  th    axis  of  whidi  corresponds  most 

closely  with   that      f       y       gClmt  ht       At         h        dit  has  a  curiously  perforated 

transverse  disk  frii      d       th        m  j      ph  nl  b      t        F     m  the  upper  surface  of  each  disk 

there  projects  vert  lly  p  1  n  g  f  I  d  p  E  ph  -  around  each  of  which  were 
clustered  three  or  f  p  ing  f  11  f  p  es  Thes  p  j,  are  so  compactly  compressed 
thit  a  transverse  section  of  this  fiuit  presents  the  ippearance  of  a  compact  mass  of  spores  amongst 
whhth        tl  fh     praoi  tr        hlwthdffilt       Whithh      fldlfid      y 

t         t  m       wl    h  th        t  r  ce    f  th    b    k  was  (1  ted  th  t    f  th       t  mod       tth     f     t  w 

d     btedly  so     Th    fltgs     ftl     frutbkd    nllk    thse  seen        th         b  iil 

g  th        mm  n       ts  p    d   n         be        d  po   t       w  th  th  se  ca  sed  by  th  dy 

w  dges     nee  t         asc  la    b    dies         loc  t  d  h  p   ject   g     dg      f  th  f  th    f  rn 

t      t  t    d    f  th   1  tt 

M     C    nith        b  1  th    fni  t    fig      d  by  M     B   n  y   P    fesso    S  h     pe     an  I  h  m    If 

d       tl  1        m  i  C  I    mdcndro         mmi         C  I    no.      hy     B  d    Folkn      m 

B  y  (J  m  f  B  t  867  pp  34^  3  6)  t  b  1  g  t  C  I  m  les  and  h  furth  ga  d  th 
p  h    mgbe     f        hed  »  th   I  t  rs        il     t     h  se    fTj      i  P    f  ss     Vi  II    m 

bl    t    agr  h      h       f  thete  col  Th        m  pern  Ihhcabtn 

1  mak      t     bs  I  t  ly  ce  t  m  th  t  Ih        ppose  lit  m     ly  f   gm    t      f  ih    t  m 

m  th    -c  11       f  th      po  d   t      h      mp  es         th      these  f  w  k     wt   t    be  h  p 

h         I  se      Hi    t  Ih  th    Ly    pod       -e  than      th  Ih    Eq    set    ex    th  y      t      ly    re      t  th 

strobili  of  Caiamiles.i 
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CLASS  vm. 

F  I  L  I  C  I  N  E  ^. 

The  plants  included  in  the  group  of  the  Filicine^e  are  distinguished  from  the 
Equisetaceie  and  from  the  Dichotome^e  by  the  various  and  complete  development 
which  their  leaves  attain.  In  proportion  to  the  stem,  the  leaves  are  always  of  con- 
siderable size,  and  in  their  anatomical  structure,  as  well  as  in  their  external  form, 
they  manifest  a  higher  differentiation  than  do  those  of  the  two  groups  above 
mentioned.  In  these  two  groups  the  whoie  external  form  of  the  plant  depends  upon 
the  formation  and  branching  of  the  stem,  and  the  most  important  physiological 
functions  are  performed  by  this  organ ;  in  the  Filicineae  the  stem  is  essentially  an 
organ  for  bearing  leaves  and  roots ;  its  growth  is  slow,  frequently  its  development  is 
so  imperfect  that  no  internodes  are  formed,  whereas  the  leaves  are  endowed  with  an 
active  apical  growth  which  continues  for  a  considerable  time  and  in  some  cases  is 
unlimited.  Further,  the  stem,  in  the  FilicineEe,  has  but  little  tendency  to  branch  ;  in 
whole  families  it  remains  simple,  and  not  unfrequently  the  formation  of  buds  is 
provided  for  by  the  leaves  in  which  a  strong  tendency  to  branch  is  manifested,  and 
which  present,  in  consequence,  the  most  varied  forms  of  pinnate  and  palmate 
segmentation  and  of  dichotomous  branching.  In  the  Equisetacefe  and  Dichotomeie 
it  generally  happens  that  the  stem  takes  part  in  the  formation  of  the  fructification ; 
in  the  Equisetacex  it  is  always  and  in  the  Dichotomeje  it  is  usually  an  apical 
spike  which  is  terminal  upon  the  branch  bearing  it.  In  the  Filicinese  this  is  never 
the  case ;  the  function  of  reproduction  is  discharged  solely  by  the  leaves,  the  stem 
-taking  no  part  whatever  in  it.  The  leaves  bear  very  numerous  sporangia  (the 
number  varying  with  the  size  of  the  leaf),  whereas  the  peltate  scales  of  the  Equise- 
taccEe  bear  but  a  few,  and  the  fertile  leaves  of  the  Dichotomefe  only  one.  The  mode 
of  development  of  the  sporangia  upon  the  leaves  of  the  Filicineje  is  not  uniform  ; 
in  the  Stipulalse  each  sporangium  arises  from  a  group  of  epidermal  cells,  in  the 
Filices  and  Rhizocarpefe  from  a  single  epidermal  cell '. 

It  appears,  moreover,  that  the  Rhizocarpese,  which  were  formerly  separated 
from  the  Ferns  on  account  of  the  mode  in  which  their  fructification  is  developed, 
present  {more  especially  the  Salviniacese)  a  sufficient  number  of  resemblances  to  the 
true  Ferns  to  justify  us  in  regarding  them  as  a  branch  of  the  ancestral  tree  from 
which  the  Hymenophyllaceae  and  PolypodiaceEe  have  sprung. 

It  is  not  easy  to  give  a  brief  account  of  the  relationships  existing  between  the 
groups  contained  within  this  class,  for  a  whole  series  of  Ferns,  the  Osmundacese, 
SchizEeaceEe,  and  Gleicheniace^  have  been  as  yet  but  imperfectly  investigated  from  a 
morphological  stand-point.  Our  present  knowledge  {1874)  of  these  plants  is  very 
superficial,  it  suffices  merely  for  the  diagnoses  of  systematists.  For  those  who 
can   obtain  the   necessary  material  and  who  possess    the  requisite   morphological 

'   [See  Goebel,  lac.  dl.-\ 
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education  a  field  for  work  is  here  open.  We  must  content  ourselves  now  with  briefly 
stating  all  tliat  is  actually  known,  and  with  merely  mentioning  the  less  known  forms 
wheo  occasion  demands. 


Order  I.     Stipulate. 

Under  this  name,  which  is  based  upon  the  peculiar  format    n    f      pul  m  n 

to  the  members  of  the  two    groups,  I  include  the  Ophiogl        -e   a    I  ih     M 
tiacese,  for  the  relationship  existing  between  them  is  manifes    d  1    n  p    t  nt 

particulars.     In  both  groups  the  prothallia  are  monceciou         d       p  bl       f      d 
pendent  growth  ;  but  there  is  a  tendency  to  dicecism  in  the  RI  se      Th  t  th 

prothallia  of  the  Ophioglossefe  are  subterranean,  whereas  th  f  th    M  se 

are  not  so,  is  a  difference  of  physiological  and  nolof  morpho!  g     1  mp  The 

stem  of  the  second  generation  in  both  families  is  charact        d  by    ts        j     1  ght 
growth  m  length  the  usual  abbence  of  mterno  les  and  of  in\  b    n  h  h       11      f 

\Vt  surface  being  occupied  bj  the  insertions  of  the  leaves  and  b}  th    d      1  pm       of 
roots  acropetallv  immediately  behind  its  apex      The  ab  en  rud  m  n     j  1 

lopment  of  bundle  sheaths  ind  of  brown  schlerench}ma   n    h    g  It  f  th 

stem  and  of  the  leaves  distmgu  shes  these  phnts  from  the  t       F  Tl     Oj  b 

giossese  dneige  most  uidel}  from  the  Ferns  in  thit  t!  eir  sp        g  mb  dd   1   n 

the  tissue  of  the  le-if     The  "Marattiaccfe  pre  ent  an  intermediati,  condition  in  that 
their  sporangii  are  quite  eternal  to  the  leaf  and  are  attached  bv  a  narro  ^  base 

Although  it  is  not  improbable  it  is  st  11  in  open  lueslion  whether  or  not  the 
Oamundacefe  ire  nearlj  related  to  these  two  families  Their  petioles  bear  at  their 
bases  lateral  membranous  wing  Ikt  appendages  wh  ch  mav  furly  be  termed  stipules, 
but  which  are  i,ertainly  very  different  frcm  fhc  e  of  the  Marattiaceje  and  Ophio- 
glossese  Further  the  tern  of  the  Osmundice^e  wh  ch  is  ihickly  covered  w  th  roots 
IS  not  erect  like  that  of  the  other  two  groups  ind  it  is  uncertain  \  hether  the 
numerous  lateral  branches  anse  f  om  it  or  from  the  pet  les  of  the  lea\es  The 
fruct  fitat  on  seems  to  mdic-ite  i  rehtion^>h  p  for  it  recalls  the  paniculate  ftuctifi 
cation  of  the  Botrychise  but  the  fertile  segments  of  the  lea\es  havi.  no  mesophjll 
In  th  s  respect  the  'ichiz'^aceje  resemble  the  Osmundace^  but  m  other  features, 
more  especiaJl)  in  the  wint  of  st  pules  thej  differ  fiom  the  Stipuhtse 

Although  the  connection  of  the  Ophioglosse'e  w  th  the  Marittiicece  is  tokraLly 
evident  it  may  be  ad\  sable  to  give  a  separate  account  of  each  familj 

Familv  I  Ophiogloseeae  The  Sexual  G  nert/ion  (Oophore)  The  pro- 
thallium  IS  tt  present  known  only  in  Ophwlosium  pelunculosum  and  Bottyckium 
Lunatia  In  both  cises  it  is  developed  underground  It  is  dest  tute  of  chloro 
phjil  and  forms  a  parenchymatous  mass  of  tissue  whch  according  to  Mettenius 
has  at   first    in   the    species  first  named,   the   form    of  a   s  nail   round   tuber    out 

'  Meltenns  FiUi.es  horti  botani  i  Lipsiensi';  Lepzg  1836  p  119 —Hofme  iter  Abhandlungen 
dec  konigl  Sad  s  t  esellii-b  der  Wissens  iS<;7  p  6^7  — [On  Ihe  Germinat  on  Devclopn  ent  and 
Fmctltication  of  the  Hubert,  vptoga  US  Ra  faoci862jp30  ji  ]— Russo  Vei^lt  ch  Inters 
St  Petersburg   i&   z    pj    11     ff      [Hole    L    b    tau     n     L  kel     j,  de    \  eget  t    n&j  ^a  ■-  d" 

Oih    glQ^en   Lot   7e   g    iS  s] 
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of  which  is  subsequently  developed  a  cylindrical  venniform  shoot,  which  grows 
erect  underground,  is  rarely  and  shghtly  branched,  and  elongates  by  means  of 
a  single  apical  cell.  When  the  apex  appears  above  ground  and  becomes  green, 
it  forms  lobes  and  ceases  to  grow.  The  tissue  of  this  prothallium  is  differen- 
tiated into  an  axial  bundle  of  elongated,  and  a  cortex  of  shorter  parenchymatous 
-cells,  and  the  surface  is  clothed  with  root-hairs.  With  a  transverse  diameter 
of  J  to  I J  lines,  it  attains  a  length  of  from  2  lines  to  2  inches.  The  pro- 
thallium  of  Botrychium  Lunaria  is,  according  to  Hofmeisler,  an  ovoid  mass  of 
firm  cellular  tissue,  the  greatest  diameter  of  which  does  not  exceed  \  line,  and 
is  often  much  less  (Fig.  287,  A\  It  is  light  brown  externally,  yellowish  white 
internally,  and  provided  On  all  sides  with  sparse  moderately  long  root- hairs. 
These  prothallia  are  moncecious ;  each  one  produces  a  number  of  antheridia  and 
archegonia,  which  are  distributed  with  tolerable  uniformity  over  the  whole  of  its 
upper  surface,  with  the  exception,  in  O.  pedunculosum,  of  the  small  primary  tuber ; 
in  Boirychium  it  is  the  upper  side  which  chiefly  bears  antheridia. 

The  Antheridia  are  cavities  in  the  tissue  of  the  prothallium  covered  externally 
by  a  few  layers  of  cells,  and  in  Ophioghssum  only  slightly  projecting  beyond  the 


■iurface  In  this  genus  the  mother  cells  of  the  antherozoids  or  ginate  by  repeated 
diMsions  from  one  or  two  celK  of  the  mner  tissue  (covered  eiternallj  bv  one  or 
two  lasers  of  cells)  thej  form  a  mass  of  tissue  of  roundish  form  and  as  in 
B  rryihium  gne  n^e  to  the  anthcrozoids  which  ire  similar  m  form  to  those  of  the 
Poijpodnceffi  but  larger  thej  escape  through  a  narrow  opening  m  the  coier  of  the 
antheridium 

The  Archtgoma  are  apparentl}  developed  in  a  similar  manner  to  those  of  other 
\ascular  Criptogim-;  Mettenms  saw  in  Ophioglossum  instances  in  which  they 
consisted  of  two  cells  a  superficial  cell  and  one  l}mg  below  it  this  latter  he 
considered  became  the  central  cell  the  former  producing,  ihe  neck  of  the  arche 
gonium  by  duiding  mto  four  tells  arranged  crosswise  which  then  produce  by 
further  divisions  four  vertical  rows  each  cons  stmg  of  two  or  more  cells  and  thus 
form  the  neck  The  wall  of  the  \entral  part  which  surrounds  the  centnl  cell 
IS  formed  by  divisions  of  the  cells  of  the  prothallium  which  surround  it  the 
ventral  part  is  therefore  completely  imbedded  and  only  the  neck  which  is  usually 
S'ery  short,  projects  above  the  surface      Mettenms  asserts  that  in  Opktoglossum  a 
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prolongation  of  the  oosphere  {probably  a  canai-cell,  as  in  Ferns  and  Rhizocarps), 
penetrates  into  the  lower  part  of  the  neck. 

The  Asexual  Generation  (Sporophore).  The  first  divisions  of  the  oospore  are  not 
known  ;  but  the  rnode  of  formalion  of  the  embryo  differs,  as  may  be  concluded  from 
more  advanced  stages,  from  that  of  Ferns.  Mettenius  states  that  in  Ophioghssum 
pedunculosum  the  end  of  the  embryo  which  faces  the  apex  of  the  prothallium 
developes  into  the  first  leaf,  while  the  opposite  end  produces  the  first  root.  Unlike 
what  occurs  in  Ferns,  the  concave  upper  side  of  the  first  leaf  faces  the  neck  of 


the  archegoniuni ;  the  rudiment  of  the  stem  (which  Mettenius  terms  the  'primary 
rudiment  of  the  embryo')  lies  nevertheless  on  the  side  of  the  embryo  which  faces  the 
base  of  the  archegonium.  Hofmeister,  on  the  other  hand,  makes  the  following  state- 
ment with  regard  to  BoUychium  : — 'The  position  of  the  embryo  with  respect  to  the 
prothallium  differs  widely  from  that  which  occurs  in  the  PolypodiaccEe  and  Rhizo- 
carpese ;  Boirychium  approaches  in  this  respect  those  Vascular  Cryptogams  the 
prothallium  of  which,  like  that  of  Ophioglossacese,  is  destitute  of  chlorophjU  {Jsoeies, 
Selagimlld).     The  punclum  vegeialionis  of  the  embryo  lies  near  the  apical  point  of 
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;  the  first  roots  arise  beneath  it,  near  the  base  of 


s  plant  have  not  jet  been  ascertained  with 

,r  Cr)ptogams      In  Ophioghssum.  vulgalum  and 

\  the  earth  and  growing  very 

mparatively  thick  roots  rareiy 

j  then  monopodial  or  dicho- 


the  central  cell  of  the  archegc 
tiie  archegonium'  (I.  c.  p.  308). 

The  processe!=  of  growth  of  the  n 
as  much  certainty  as  in  other  Vasculir 
Boirychium  Lunitii  the  erect  stem  buried  deep  i 
slowly  in  length  branches  but  rarely  Even  the  < 
branch,  and  it  is  not  known  whether  the  branchmg  i: 
tomous,  [According  to  Holle  the  roots  have  a 
trilaterally  pyramidal  apical  cell  They  do  not 
branch  in  0},ht)ghsium.  and  in  Bntrychmm  iheir 
branches  are  proTiiblj  produced  laterally  and  not 
by  dichotomy  ]  The  flattened  apes  of  the  stem 
surrounded  by  the  insertions  of  the  lei\es  is  buned 
deeply  in  the  leaf  sheiths  and  shows,  in  Ophi  qlos 
sum  vulgatum  accordmg  to  Hofmeister  a  three- 
sided  pyramidal  apical  cell  as  seen  from  above 
The  leaves  have  a  sheathing  base  and  each  is 
completely  enclosed  m  the  nest  older  one  as  shown 
in  Fig.  289  in  the  case  of  Sotr\chtum  Lunar la  In 
Ophioghssum  the  relative  positions  of  the  parts  at 
the  end  of  the  stem  are  still  more  complicated  from 
the  fact  that  the  rudimentary  leases  while  com 
pletely  enclosed  one  within  another,  produce  stipular 
structures  which  grow  together  so  ompletely  hat 
each  leaf  appears  as  if  enclosed  n  a  k  nd  of 
chamber  formed  by  the  cohes  on  f  ll  e  st  j  ular 
parts  of  leaves  of  different  ages  ecall  ng  a  s  n  lar 
arrangement  in  Maratlia.  These  cohes  o  s  how 
ever  leave  an  opening  at  the  apex  of  each  chamber, 
the  apex  of  the  stem  is  therefore  exposed  to  the 
air  through  a  narrow  canal  (Hofmeister). 

As  soon  as  the  plant  has  attained  a  certain 
age,  each  leaf  bears  a  fructification,  which  forms  a 
branch  springing  from  the  axial  side  of  the  leaf. 
In  the  genus  Ophioghssuvi  both  the  outer  sterile 
and  the  fertile  branch  of  the  leaf  are  unbranched 
or  only  lobed;  in  the  Brasilian  0.  palmalum  the 
lamina  is  dichotomously  lobed,  and  its  margin  bears 
on  each  side,  as  it  joins  the  petiole,  numerous  fertile  li,"ySu°4"ra'^h^°™^itha^"p™np°"»ii'i 
lobes  or  spikes  of  sporangia.  In  the  genus  Boiry-  ""p™^""* 'x 'i™""* 
chium  both  are  branched   and   in    parallel  planes 

(Fig.  288,  A  and  B).  The  earlier  hypothesis  of  a  cohesion  of  the  two  leaf-stalks  of 
a  fertile  and  of  a  sterile  leaf  is  at  once  negatived  by  the  history  of  development 
(Fig.  289) ;  the  history  of  development  rather  indicates,  as  Hofmeister  first  showed, 
that  the  fructification  originates  on  the  inner  side  of  the  leaf.  In-  the  mature  state 
the  fertile  leaf  branch  either  separates  from  the  sterile  (green)  one  at  th&base  or  at 
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the  middle  of  the  lamiiii  (0  p  ndulur)  or  the  Hio  branches  of  the  leaf  ippeir  as  if 
separated  deep  down  to  their  ong  n  {0  Ber^ianum)  or  finallj  the  fertile  branch 
springs  from  the  middle  of  the  leaf  stalk  (Bolochmm  rulafohum  and  diss,,  turn) 

The  Spjrangia  of  the  OphioslossaceK  are  so  essentially  d  fferent  from  those  of 
Ferns  and  Rhizocarps  that  these  plants  cannot  for  this  reason  be  arranged  in 
either  of  these  classes  The}  irise  frim  several  epidermal  cells  The  wall  of  the 
sporangium  consists  of  several  lasers  of  cdjs  ts  outer  I  mit  being  fonned  hv  the 
epidermis  of  the  leaf  itself  The  mother  cell's  of  ihe  spores  in  Boinchium  Lunaria 
and  probibl)  -ilso  in  Ophio^lossum  are  derived  according 
to  Goebel  (loc  cii)  from  a  single  centrtl  cell  (archesponum) 
which  IS  invested  bj  peculiar  cells  (forming  the  tapetum) 
developed  by  the  div  sion  of  the  surrounding  ceils  of  the 
sporangium  A  longitudinal  section  through  the  unripe 
so  cilled  SI  ike  if  0  uhalum  (Fig  290)  shows  that  tte 
ouier  la^er  ol  the  wall  f  the  sporangium  is  1  continuous 
prilongition  of  the  epidermis  pro\ided  wilh  storoata  an! 
c  \ering  the  whole  of  the  fertile  branch  of  the  leaf  At 
the  places  where  the  lateral  transverse  hne  of  dehiscence 
lb  equently  appears  in  each  sporangium  these  epidermal 
cells  are  elongatei  radiall)  and  the  whole  laver  e\hibits 
an  ndentation  at  first  circelj  [.erceptible  The  spherical 
cavHiea  which  contain  the  masses  of  spores  are  imbedded 
m  the  tissue  of  the  or^an  ind  are  therefore  entirelv  sur 
riundcd  bj  its  parenLhjma  there  bemg  several  la>ers  of 
it  on  the  outer  side  where  the  trans\er  e  fis  ure  subsequently 
ansts  The  middle  part  of  the  mesoph\ll  is  penetrated  by 
fibro  vascular  bundles  which  anastomose  with  one  another 
into  long  meshes  and  send  out  a  bundle  transveisely  between 
each  pair  i,f  sporangial  caMties.  The  course  of  development 
is  the  same  in  Bolrychiuni,  if  the  separate  sporangiferous 
branches  of  the  panicle  are  compared  with  the  spike  of 
Opkioglosmm.  The  sporangia  are  similarly  placed  on  them 
S  in  two  rows  and  alternate ;  only  they  project  further  because 

iiii^BhX'^w°pim''^™itt^  ^^  tissue  between  each  pair  of  sporangia  is  but  slightly 
S  St'^;™  ^J'^^t^i  developed.  Four  spores  are  formed  from  each  mother-cell. 
b^^u^^^i^  J^hc  fiw  "^^^  mother-cell,  after  an  indication  of  a  division  into  two, 
vascutai-bundiHixabouuo).  dlvidcs  into  fouf  segments,  each   surrounded  by  a  delicate 

cell-wall.  The  protoplasm  of  each  of  these  special  mother- 
cells  becomes  invested  by  a  new  wall,  the  true  wall  of  the  spore,  and  the  primary 
walls  become  absorbed,  so  that  the  spores  become  free.  In  specimens  of  both 
genera  preserved  in  spirit,  the  young  spores,  stilt  connected  together  in  fours,  are 
found  imbedded  in  a  colourless,  granular,  coagulated  mass  of  jelly,  which  in  the 
living  plant  clearly  corresponds  to  the  fluid  in  which  the  spores  of  other  Vascular 
Cryptogams  float  before  they  are  ripe.  The  spores  are  letrahedral ;  in  Bolry- 
chium  they  are  provided,  even  in  a  very  early  state,  with  knob-like  projections  on 
the  cuticukrised  exospore. 


yGoogle 


FILICINE.'E.  415 

Among  the  Forms  of  Thsue  of  the  Ophioglossaeex,  the  prevailing  one  is  parenchy- 
matous fundamental  tissue;  there  is  no  sclerenchyma.  It  consists,  especially  in  the  leaf- 
stalk, of  long,  almost  cylindrical,  thin-walleil  succulent  cells  with  straight  septa  and  large 
intercellular  spaces;  in  the  lamina  the  latter  are,  in  0.  -vulgalum,  very  large,  and  the  tissue 
spongy.  In  0.  vu/galum  and  B.  Lunaria,  the  epidermal  tissue  nowhere  possesses  special 
hypodermal  layers;  a  well  developed  epidermis  with  numerous  stomata  on  the  upper  and 
under  side  of  the  leaves  immediately  covers  the  outer  layers  of  the  fundamental  tissue : 
at  the  periphery  of  the  stem  layers  of  cork  are  formed.  The  fibro-vascular  bundles  of  0. 
'vulgatura  form,  according  to  Hofmeister,  a  hollow  cylindrical  network  in  the  stem,  on 
which  the  leaves  are  arranged  spirally,  with  a  5  phyllotaxis ;  each  of  the  meshes  of  this 
network  corresponds  to  a  leaf,  and  gives  off  toil  the  foliar  bundles  from  its  superior  angle: 
the  lower  end  of  each  foliar  bundle  terminates  in  a  root.  The  leaf-stalk  is  penetrated  by 
from  5  to  8  slender  fibro-vascular  bundles,  which,  in  transverse  section,  are  arranged  in  a 
circle,  and  between  which  the  fundamental  tissue  forms  wide  lacunae.  Each  of  these 
bundles  has  on  its  axial  side  a  strong  fascicle  of  narrow  retlculately  thickened  vessels,  a 
broad  fascicle  of  soft  bast  (phlogm)  lying  on  their  peripheral  side.  In  the  sterile  lamina 
the  slender  bundles  branch  copiously  and  anastomose  into  a  network ;  they  run  into  the 
mesophyll  which  contains  chlorophyll,  without  forming  projecting  veins.  The  slender 
stem  of  B.  Lunaria  has  the  same  structure  as  that  of  Opbioghssum ;  its  vascular  bundles 
appear  to  be  only  the  lower  ends  of  the  foliar  bundles  (Fig.  289),  which  are  arranged  in  a 
circle  in  the  stem  and  form  a  hollow  fibro-vascular  cylinder  consisting  of  numerous 
sylem-bundles  surrounded  by  a  common  investment  of  phlogni.  In  each  leaf-stalk, 
which  has  a  conical  cavity  below  obliterated  above,  arise  two  broad  ligulate  bundles, 
which  split  above,  below  where  the  leaf  divides  into  the  fertile  and  sterile  laminse,  into 
four  narrower  bundles.  Each  of  these  latter  consists  of  a  broad  axial  fascicle  of  tra- 
eheides  thickened  in  3  scalariform  or  reticulated  manner,  which  is  enveloped  by  a  thick 
layer  of  phloem.  This  layer  shows  au  inner  stratum  of  narrow  cambifonn  cells,  while 
the  outside  is  formed  of  soft  thick-walled  bast-like  prosenchyma  (as  in  Pteris  and  other 
Ferns).  In  the  lobes  of  the  sterile  lamina  the  bundles  repeatedly  split  dichotomously,  and 
run  through  the  mesophyll  without  forming  projecting  veins. 

The  ground-tissue  either  fornis  no  sheath  round  the  fibro-vascular  bundles  of  the 
leaves  [Ofbioghssum]  or  it  forms  a  sheath  consisting  of  coUenchyma  {Bolrychium) ;  the 
usual  bundie-sheath  of  cells  with  sinuous  walls  appears  to  be  wanting.  According  to 
Russow,  the  fibro-vascular  cylinder  formed  in  the  stem  of  Boirycbium  by  the  lower 
portions  of  the  foliar  bundles  is  surrounded  by  a  sheath  of  this  kind  (Plerome-sheath), 
He  also  believes  that  the  fibro-vascular  bundles  in  the  stem  of  Botrych'tum  undergo  a 
slight  subsequent  growth  in  thickness.  In  the  petiole  of  Ophioglossum  I  find,  as  Russow 
describes,  that  the  thin  fibro-vascular  bundles  have  collateral  phloem  and  xyletn  and  that 
the  central  xylem  of  Botrycbivm  is  surrounded  on  all  sides  by  phlogra. 

[According  to  Russow,  a  formation  of  cork  takes  place  at  the  surface  of  the  rhizome 
of  OphioglosscEe ;  in  this,  so  far  as  is  known  at  present,  they  are  unique  among  Vascular 
Cryptogams.] 

Habit  and  Mode  of  Life.  The  number  of  leaves  which  appear  each  year  is  small,  and 
constant  in  the  species;  thus  0,  ■vulgatum  and  B.  Lunaria  unfold  only  a  single  leaf 
annually,  B.  ruMfolium  two,  a  sterile  and  a  fertile  one ;  O.  pedunculoium  from  2  to  4 
(Mettenius).  The  extremely  stow  development  of  the  leaves  is  remarkable;  in  B. 
Lunaria  each  leaf  requires  four  years,  of  which  the  three  first  are  passed  underground; 
in  the  second  year  the  two  branches  (the  sterile  and  fertile  laminiE)  are  formed,  and 
further  developed  in  the  third ;  in  the  fourth  year  they  for  the  first  time  rise  above 
ground  (Fig.  389),  the  process  reminding  one  of  the  slow  formation  of  the  leaves  of 
Pteris  aquiVma;  the  same  occurs  in  0.  iiulgatum.  In  both  genera  the  formation  of  the 
sporangia  begins  a  full  year  before  they  ripen. 

Vegetative  Reproduction  takes  place  in  Ophioglossum  by  means  of  adventitious  buds  from 
the  roots,     0.  pedunculosum  is  so  far  monocarpous  that,  aftei'  the  production  of  fertile 
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leaves,  it  as  a  rule  dies  down,  but  maintains  a  perennial  existence  by  means  of  the  root- 
buds  (Hofmeister).  Most  species  are  only,  reckoning  from  the  base  of  the  stem  to  the 
apex  of  the  leaf,  s  or  6  inches  high ;  a  few  attain  the  height  of  a  foot ;  B.  lanuginaium  of 
the  East  Indies  is  stated  by  Milde  to  be  3  feet  high ;  the  leaf  is  three  or  four  times 
pinnate,  and  the  stem  contains  from  iq  to  17  fibro-vascular  bundles. 

Family  2  MarattiaceBe  i  Wts  Sexual  Generation  (Oo^hoi^)  [The  spores 
which  are  of  1 10  forms  renif  rn  and  nearlj  sphtrical  germinate  much  111  the  same 
way  a.t  those  of  tie  Poljpo  hace^;  In  Angiopl ns  the  first  root  ha  r  is  developed 
at  an  earlj  period  but  in  Matatiia  it  does  not  make  its  appearance  until  some 
time  ifter  the  commencement  of  germ  n at  on  uhen  the  prothilhum  s  already 
multicellilir  The  prolhallium  Ike  that  of  the  irue  Ferns  is  someihat  cordue 
and  forms  a  flattened  e^pansioi  upoi  the  suiface  of  the  soil  but  it  is  more  flesly 
and  it  IS  dark  ^rcen  n  colour  bomet  mes  it  grows  by  means  of  an  apical  cell 
but  tlis  is  not  aU»)s  formed  The  anther  dia  are  daeloied  on  either  the  under 
or  d  e  upper  surface  of  the  \  rothall  um  from  single  superliLial  cells  The  irche 
gonia  are  devebped  in  the  same  manner  is  tho  e  of  the  Pohpodiace*  ind  more 
especiallj  on  the  lower  surface  The  antheiidia  are  not  develop  d  until  some 
months  after  germmation  begins  and  the  archcgonia  still  later  ] 

2  Ihe  Asexual  G  nerilion  (Sporophore)  when  mature  resemlles  a  Tern  n 
habit  The  mode  of  its  development  is  still  unknown  It  consists  of  a  u  ually 
erect,  short  thick  tubercukr  stem  which  bears  large  closely  packei  spirally  ar 
ranged  leaves  with  long  petioles  the  lamma  hen  g  usuallj  pnnatifid  but  sometimes 
pilmatifid  The  resemblance  to  the  true  Ferns  is  rendered  mre  strikmg  by 
the  cirunate  vernal  on  of  the  leave  and  bj  their  gra  iual  ui  roll  ng  from  below 
upwards 

The  "Sim  of  Maraltm  iiu.iopler  s  in1  Dan  a  recalls  on  ihe  whole  the  moie 
of  growth  of  the  stem  of  the  Ophioglosseae  It  grows  erect  but  dots  not  attain 
anv  consderable  he  ght  It  is  a  tubercular  mass  partially  imbeided  in  the  earth 
and  it  IS  so  completely  covered  will  leaves  that  no  porti  n  of  its  surface  is  freelv 
exposed  In  some  species  it  is  small  but  m  the  large  Mar-ittieae  and  n  Anginp 
lens  electa  it  may  be  from  one  to  two  feet  high  and  broad  in  propoition  The 
^tm.ci  Kauljusm  issamicti  a  subterrmean  creeping  b lateral  rhizome  according 
to  de  "Vr  ese  which  hears  leaves  upon  its  upper  and  roots  upon  its  un  ler  surface 
It  appears  that  the  stem  of  the  Marattiace'e  (eifcept  according  to  HoUe  m  the 
case  of  Lanxa  trifohita)  never  brai  ches  The  lower  older  jortion  of  the  stem 
IS  covered  b}  the  basal  parts  of  the  older  petioles  bear  nj,  the  stipules  from  which 
the  upper  parts  rf  the  petioles  which  at  th  s  point  ve  provided  w  th  a  lari^e  articulir 
swelling  have  become  detiche  1  leavng  ■*  smootl  cicatrix  encircltd  by  the  stipule 
(Fig  391  ri)  At  the  upper  part  of  tie  stem  the  still  Iving  leaves  form  a  large 
rosette  in  the  centre  of  which  lies  a  bud  consisting  of  numerous  >ouni,  leives  of 

'  De  \  nese  et  Hirt  n^  Mo  og  des  Maratt  Lc  de  et  Du  seldorf  i8i;3  — L  n  M  Ih  Ig 
BUS  dem  Gesammtg  b  et  der  Bot    Bd  1    Heft    3    iS  id   Bot  Ze  t   iS7a    p    768         1    «  3    p 

625.— RussovF.  Vergl.  Uiiters.  187J,  p.  105-     ^"le  infoimalion  dcnved  from  dr  wi  gs       d  1    t 
commuuicated  by  Prof  Tschistiakoff  has  b«n  embodied  in  ihe  text.     [Holle,  Die  \  eg  t  t  i, 

der  Marattkceen,  Bot.  Zril.  1876.     Jonkman,  Entwickclurg  des  P.othalliums  der  M       It  B  t 

Zeil.  1878.] 
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different  ages  (i,  nS).  The  young  leaves  have  a  circinate  vernation,  and  are  com- 
pletely invested  by  the  stipules  until  the  time  when  the  petiole  begins  to  elongate 
and  the  lamina  to  unroll  itself.  Each  pair  of  stipules  belonging  to  a  petiole  forms, 
as  IS  hown  in  Fig  jr  A  and  £,  an  anterior  and  a  posterior  chamber,  which  are 
separited  bj  a  long  tudinal  wall  (commissure).  In  the  posterior  chamber  lies  the 
rolled  up  leaf  to  which  the  stipules  actually  belong,  the  two  posterior  wings  of  the 
Stipules  extending  round  it.  The  chamber  formed  by  the  anterior  wings  of  the 
stipules  encloses  the  group  of  young  leaves.  This  is  the  arrangement  in  Angiopleris, 
and  it  appears  from  herbarium  specimens  to  obtain  also   in   Danma,    and   from 


drawings  in  Maratiia.  Harfing's  representation  of  the  stipules  is  quite  erroneous. 
These  peculiar  stipules  remain  fresh  and  succulent  not  only  during  the  life  of  the 
leaves  but  also  after  they  have  fallen,  and  adventitious  buds  may  originate  from 
them. 

The  roots  arise,  as  is  shown  in  Fig.  291,  A,  in  the  tissue  of  the  stem 
immediately  below  the  growing- point.  One  arises  apparently  at  the  base  of  each 
young  leaf.  They  grow  obliquely  through  the  succulent  parenchyma  of  the  stem, 
and  of  the  older  basal  portions  of  the  leaves,  and  finally  reach  the  surface  at  a 
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lower  level  between  them   or  th        1      h 
numerous  as  those  of  most  true  T  d    h 

colour,  their  more  delicate  struct  d    h 

they  share  with  those  of  Ophiog        te        ! 
apparently  in  a  monopodial  man 

The  leaves  which  in  the  sm  11       p 
feet,  in  the  largest  {Angtopleris)  of  f    m  fi 
channelled  on  its  inner  surface,     h    h  b  h 

pinnate  or  bi-pinnate,  or  palmate  A     If 

to  the  basal  portion  by  means  of  1  11    g 

are  connected  with  it,  the  leaflets  wi  h    h  h  h 

the  case  in  the  Leguminosfe. 

The  Marattiacete  differ  from   the   glabrous   Ophiogli 
hirsute,  but  not  nearly  so  much  so  as  the  true  Ferns. 
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if  the  history  of  its  development  alone  decided  the  question,  and  then  it  would 
offer  no  analogy  to  the  same  structure  in  Angiopteris.  But  analogy  clearly  indicates 
that  m  Maratlia  we  have  not  to  do  with  a  muldcellular  sporangium  but  with  a 
sorus,  the  individual  sporangia  of  which  have  become  united.  Like  those  of 
Angiopieru,  each  of  these  sporangia  opens  by  a  longitudinal  slit  upon  its  inner 
surface.  It  is  of  but  little  importance  for  this  interpretation  that  the  apparently 
multicellular  sporangium,  which  we  regard  as  a  coalesced  sorus,  is  borne  in 
Eupodium  (Mar.  Kaulfussii)  on  a  stalk  of  considerable  height,  for  the  sorus  in 
many  of  the  true  Ferns  {Cyathea,  Thyrsopieris)  is  also  stalked.  It  can  scarcely 
be  doubted  therefore  that  the  multicellular  fructification  of  Maratlia  is  a  coalesced 
Borus,  and  the  same  holds  good  also  for  Kaulfussta  and  Danaa.  In  Kaulfussia 
the  sporangia  of  a  sorus  (from  eight  to  twentj  n  number)  are  arranged  in  a  circle 
ai  d  ire  united  to  form  a  manj  chambered  r  ng  Each  opens  on  its  inner  side 
by  a  longitudinal  slit  Th  s  arrangement  is  even  more  strik  ng  in  Danei  wiere 
the  un  ted  sporangia  form  two  Song  rows  co\enng  the  \ein  bearing  them  throUol  out 
Its  whole  length  and  where  each  chamber  (sporangium)  opens  at  its  apex  The 
sorus  IS  usuall)  surrounded  bj  flittened  lobel  hairs  form  ng  1  kind  of  mU  un 
which  in  Dinaa  appears  like  a  k  nd  of  cup  m  ul  icl  the  s  ru  lies  Luer  en  s 
argument  that  these  outgrowths  of  the  epidermis  are  not  to  be  ref,arded  is  in 
mdusium  because  thej  occur  elsewhere  upon  the  leaves  md  ire  thcrefoie  merely 
hairs  n  not  vaj  d  for  the  ndus  um  of  the  true  Fens  is  a  hair  1  ke  outgrowth  and 
must  be  regarded  as  a  trichome  A  in  the  Fern  so  in  the  Marattiaceae  the 
indusium   Iocs  not  occur  m  all  'ipecie 

The  development  of  the  son  has  been  stulied  bj  Luerssen  and  by  Goehel 
in  Manilla  and  bj  these  observers  and  bj  Tsch  stiakoff  in  Angtophtn  In  both 
cases  the  placenta  arises  as  a  cushionlke  protuberance  from  the  fertile  ^en  of 
the  epdermis  md  the  subjacent  tissue  In  Arn^i  plens  mo  separate  rows  cf 
pap  Has  make  their  appearance  upon  the  receptacle  each  of  which  cm  ists  from 
the  first  of  a  group  ot  cells  deri\ed  fron  a  group  of  the  superficial  cell  of  the 
placenta  Each  pip  Ua  becomes  one  of  the  f  ce  porangia  of  the  sorus  In 
verj  young  sporan^  a  Tsch  stiakoff  w  is  able  t  detect  an  internal  cell  (irchc 
Sfonum)  surroun  led  bj  two  or  three  lajcrs  of  cells  which  gave  rise  by  repeated 
division  to  a  group  of  spore  mother  celts  In  Manilla  t^o  parallel  swellings 
appear  on  the  ]  Jacenta  which  soon  become  separated  by  a  deep  and  narrow  fold 
In  each  of  these  swell  ngs  a  row  of  cell  groups  the  mother  cells  of  the  pores 
are  differentiated  wlich  have  been  firmed  b*  the  d  Msion  of  the  archesponum 
Each  of  th  se  groups  correspon  h  to  a  sporangium  the  wills  of  adjacent  sporangia 
coalesc  ng  from  the  first  Tl  e  inner  surfaces  of  the  two  parallel  swellings  approach 
each  o  her  more  and  more  close!)  as  levelopment  proceeds  but  they  separate 
widel)  when  the  spores  are  npe  so  that  the  multUocular  fruct  fication  splits  longi 
tudinaO)  inti  tw  j  hahes  and  the  loculi  of  each  half  open  bj  vertical  shts  upon 
their  inner  surface 

The  ievelopment  of  the  spores  four  from  each  mother  cell  differs  but  h  tie 
from  that  of  the  Ophioglossese  and  the  Ferns  It  is  mportant  to  note  that  in 
the  Marattiacese  the  wall  of  the  mature  sponnn  um  consi  is  cf  several  lajers  of 
cells    whereas  in  the  Ferns  it  consists  onl>  of  one 
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Hhtology.      As  a   peculiarity^  of  the  epd     nit  the  very   large,   widely-open 

stomata  of  the  leaves  of  Kaulfuuia  may  be  m  t  d  Th  y  are  developed  in  the  usual 
way,  but  they  soon  become  remarkable  o  t     f    h     eKtraordinary  size  of  the 

aperture  and  of  the  arrangement  of  the  gi     d      II  a     arrow  ring,  sun-ounded  by 

two  or  three  rings  of  epidermal  cells  (Luers'icn) 

In  the  intercellular  spaces  of  the  parenchyn  t  gr  u  d  tissue  of  the  leaves  Luerssen 
found  tg  ths  from  the  walls  of  the  surrounding  cells.  Where  the  spaces  were  small 
th  tg       ths  assumed  the  form   of  bosses  or  pegs,  but   where   the   spaces  were 

1  g  th  we  long  thin  filaments.  They  are  quite  solid  and  consist  of  cuticularised 
II  m  n  b  .  The  large  intercellular  spaces  are  quite  filled  with  a  felt-wort  of  these 
fil  m  ts  L  erssen  found  this  to  be  the  case  in  Kaulfuuia,  Danaa,  Angiopteris, 
M 

I  th  g  und-tissue  of  the,  leaves  bands  and  bundles  of  sclerenchyma  are  diffei-en- 
t  t  d  b  t  t  notsohardorsodarkly-colouredasthat  of  Ferns.  In  the  articular  swellings 
II  hym  developed.  Elongated  cells  containing  tannin  are  to  be  found  in  all  parts 
of  th  g  d-tissue,  and  gum-ducts  are  scattered  throughout  the  thin-wailed  paren- 
chyma.    Reference  has  been  made  on  page  64  to  the  Sphacrocrystals. 

In  the  stem  of  Angiopteris,  which  I  have  Investigated,  there  is  no  sclerenchyma.  It 
consists  for  the  most  part  of  large  thin-walled  parenchymatous  cells,  amongst  which  are 
scattered  very  numerous  cells  containing  tannin,  as  well  as  gum-ducts.  The  contents  of 
the  latter  cover  a  piece  of  the  stecn  when  placed  in  water  with  a  thick  layer  of 
gelatinous  mucilage. 

The  fibro-vascular  bundles  of  the  leaves  and  of  the  stem  resemble  those  of  the  Ferns. 
The  central  xylem  consisting  of  wide  scaiariform  tracheides  is  surrounded  by  a  layer  of 
phloem.  In  the  leaf  the  bundles  (of  Angiopterii)  are  usually  flattened,  in  the  stem  they 
have  a  circular  outline.  The  usual  bundle-sheath,  consisting  of  a  single  layer  of  cells  with 
a  peculiar  folding  on  their  adjacent  walls,  which  is  especially  constant  in  the  Ferns,  is , 
absent  in  Maratlia  and  Angiopteris  from  the  fibro-vascular  bundles  both  of  the  leaf  and  of 
the  stem,  but  it  is  present  in  Dan^ea.  !n  the  root  it  is  present,  and  consists  of  large  cells. 
Harting  has  described  the  r'oots  which  traverse  the  parenchyma  of  the  stem  (Fig.  291 
A,  nu)  as  fibro-vascular  bundles,  and  has  figured  them  on  Plate  VII.  figs.  3  and  4  of  his 
Monograph  of  the  Marattiaceai.  He  did  not  investigate  the  structure  of  the  real  fibro- 
vascular  bundles  at  all.  It  is  necessary  to  draw  attention  to  this  mistake  because  Russow, 
relying  upon  Harting,  describes  the  fibro-vascular  bundles  of  the  stem  as  possessing  an 
external  sheath  [Schutzicbeiik),  and  states  that  this  structure  occurs  only  in  the  roots 
which  traverse  the  stem.  It  is  difficult  to  imagine  how  Russow  could  have  overlooked  this 
obvious  mistake  of  Harting's;  ■  Jt  is  by  no  means  easy  (in  Angiopteris)  to  obtain  a 
transverse  section  of  one  of  the  fibro-vascular  bundles  of  the  stem,  for  they  are  very 
irregularly  curved  and  are  everywhere  covered  with  roots  which  traverse  the  network 
formed  by  the  bundles.  As  I  had  only  one  stem  at  my  disposal  I  was  unable  to  satisfy 
myself  as  to  the  true  form  of  the  fibro-vascular  system,  but  it  appears  that  Harting's 
figure  is  not  very  true  to  nature.  The  numerous  bundles  which  bend  outwards  into  each 
leaf  are  formed  by  the  division  in  the  lower  part  of  the  petiole  of  the  few  bundles  whicM 
spring  from  the  fibro-vascular  network  of  the  stem  (Fig.  apr  A). 

According  to  Holle,  the  stem  of  Maraitia  grows  by  means  of  a  four-sided  apical  cell. 
In  the  stouter  i-oots,  according  to  Harting  and  Russow,  the  place  of  the  apical  cell  is 
taken  by  a  layer  of  very  large  cells.  In  the  slender  roots  of  Maratlia  and  Angiopteris 
Holle  has  found  a  four-sided  apicul  cell. 
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The  Sexual  Generalion  (Oophore)  or  Prothallium  of  Ferns  is  a  thalloicJ  body 
containing  chlorophyll  and  obtaining  its  nourishment  independently;  its  development 
presents  striking  resemblances  to  that  of  the  simpler  Hepaticse,  and  to  a  certain 
extent  even  to  the  formation  of  the  protonema  of  some  Mosses.  It  produces  simple 
tubular  unarticulated  root-hairs,  and  finally  antheridia  and  archegonia.  Its  develop- 
ment and  the  duration  of  its  life  may  embrace  a  considerable  space  of  time,  espe- 
cially when  the  archegonia  are  not  fertilised. 

When  the  spores  germinate,  which  usually  does  not  take  place  till  a  con- 
siderable time  after  dissemination  (but  in  Osmunda  after  only  a  few  days),  the  cuti- 
cularised  esospore,  generally  provided  with  ridges,  bosses,  spines,  or  granulations, 
splits  along  its  edges ;  the  endospore,  which  now  protrudes  and  is  not  unfrequenlly 
already  divided  by  septa,  produces  the  prothallium,  either  immediately,  as  in 
Osmunda,  or  after  the  preliminary  formation  of  a  filamentous  protonema,  which 
presents  in  HymenophyllaccK  certain  resemblances  to  that  of  the  AndreKace^  and 
of  Tetraphis  among  Mosses.  The  development  of  the  prothallium  has  been  piore 
exactly  investigated  only  in  the  Hymenophyllaceie,  the  Polypodiacese,  and  also  in 
Osmunda  and  Aneimia} ;  and  the  considerable  differences  which  have  thus  been 
established  necessitate  separate  descriptions. 

In  the  HymenophyllaceK  the  contents  of  the  spore  are  divided,  even  before 
germination,  into  three  cells  meeting  in  the  centre ;  in  some  species  of  Tn'ckomanes 
small  cells  are  cut  off  at  three  points  of  the  circumference,  while  a  large  central 

'  H.  von  Mohl,  Ueber  den  Bau  des  Stimmes  der  Baranfame  (Verm.  Schriften,  p.  io8). — Hof- 
meister,  Ueber  Entwickelung  und  Ban  der  Vegetationsorgane  der  Fame  (Abhandlungen  der  konigL. 
Sachs.  Gesells.  der  Wissen.  185?,  vol.  V).— Ditto,  Ueher  die  Verzweigung  der  Fame  (Jahrb.  fur 
wissen.  Bot.  vol.  III.  p.  278). — Mettenius,  Filices  Hott.  BoU  Lipsiensis  (Leipzig  1856), — Ditto,  Ueber 
die  Hymenophyllaceeii  (Abhandlungen  der  konigl.  Sachs.  Ges.  der  Wissen.  1864,  vol.  VIIj.— Wigand, 
Botanische  Untersuchungen  (Braunschweig  1854)  —[On  the  Germination,  Development,  and  Fruc- 
tification of  the  Higher  Cryptogamia  &c  Ray  Society,  lb62,  pp.  1 28-166.]— DijjpSl;  Ueber  deo 
Ban  der  Fibrovasalstrange,  in  the  Benchte  deutscher  Naturforseher  u.  Aerzle  ui  Giessen,  1865, 
p.  14J. — Reess,  Entwickelung  des  Polypodiaceensporangiums  (Jahrb.  fur  wissen,  Bot.  1866,  vol.  V. 
p  K)  —L  J  Sumunki,  Zur  Entwickelungsge'M:hn.hte  der  Famkrauter,  1S48.— Slrashurger. 
Befrucht  g  d  Famkrauter  Jahrb.  fur  wissen  Bot  1869,  vol.  VII.  p.  390).  — Kny,  Ueber 
E  t  k  1  g  d  s  PtothaUiuiQs  und  der  Geschlechtsoigane,  in  the  Sitzungsberichte  der  Gesellschaft 
t  uf  h  d  Freunde  m  Berlin,  Jan.  ai  and  Nov.  i;,  1868.— Kny,  Ueber  Bau  und  Entwickelung 
d       F  th     diums  (Monatsberichte  der  dais.    Akad.  der  Wissen.     Berlin,  May   1869), — Kny, 

Be  £  ag  ur  E  twickelungsgeschichte  der  Famkrauter  (Jahrb.  fur  wissen.  Bot.  vol.  VII.  p.  1).— 
Russow  V  gl  Unters.'Petersbuig  18J2.— Janczewsfci,  Ueber  die  Archegonien.  Bot.  Zeit.  1872,  p. 
418.— [On  the  development  of  the  prothallium,  see  also  Bauke,  Keimungsgeschicheder  Schizjeaceen, 
JaJirb.  f.  wiss.  Bot.  XI ;  Burck,  Develop,  du  prothalle  des  Andmla,  Arch.  Neerlandaises,  X ;  Bauke, 
Entwick.  d.  Prothalliums  bei  den  Cyatheaceen,  Jahrb.  f.  wiss,  Bot.  X  ;  Goebel,  Entwick.  d.  Prothal- 
liums  von  Gymnogramme  lepiopkylla,  Bot.  Zeit.  1877;  Janczewski  et  Rostafinski,  Le  prothalle  de 
VHymenophytlum  Tiaibridgaise,  Mem,  soc.  nat.  d.  sci.  nntur.  de  Cherbourg,  XIX  ;  Prantl,  Die 
Hymenophyllaceen,  1875.] 

'  Although  the  Osraundacete,  Schizjcace^,  and  Glcicheniaceie  probably  constitute  a  group  apart 
from  the  Poly  pod  iacere  and  Hymenophyllaceie,  I  introduce  here  what  little  is  known  concerning  them, 
for  our  knowledge  is  not  sufficient  to  permit  of  any  but  an  imperfect  account  of  them  being  given. 
Where  it  is  not  expressly  stated  to  be  otherwise,  the  descriptions  given  above  refer  to  the  Polypodiace^ 
and  Cyatheacea:.  ^ 
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Ci.ll  lema  ne  undiMd^d  The  cells  de\dope  into  germinating  filamtnU  burUmj,  the 
e\  sj-ore  m  three  directions  these  fijaraents  then,  grow  at  their  ipe\  and  become 
segmented  by  "iepta  only  one  of  them  hovteier  generallj  ■^tfam'i  a  more  decided 
development  the  other';  ^ioon  a'isuming  the  form  of  hairs  In  H\mtn phyllum  Tun 
bndgtns  this  one  frequentlj  developes  at  once  into  a  cellular  [.late  but  in  other 
species  It  form';  a  much  branched  confena  like  protonemi  on  which  flat  prothalha 
2  to  6  hnes  in  length  ■ind  J  to  i|  in  breadth  -ire  formed  as  lateril  shoots  Each  cell 
of  the  filament  may  ^ne  rise  to  a  branch  which  ii  a^nen  off  behind  the  antenor 
septum  and  is  at  once  separated  bj  another  septum  Some  of  these  branches 
continue  to  grow  indefimtelj  like  the  mother  shoot  others  end  in  becoming  hairs 
T  Urger  number  are  tran'iformed  mi 3  fiat  proihillii,  but  most  develope  info 
root  hairs  Heie  and  there  the  rudiment  of  a  filamentous  branch  becomes  con- 
verted mto  ^n  anlheridium  or  e\en  into  m  archeg  mum  At  the  afe^  of  the 
flat  protballia  spherical  cells  arise  in  Truhommes  iii  isum  on  marginal  iiask  shapel 
celk  these  must  piobablj  be  cons  dcred  as  organs  of  propagation  but  tl  e  mir 
giml  cells  of  the  flat  prothalha  may  develope  into  r  jot  hairs  and  new  protonemal 
filaments  and  also  into  new  flat  shoots  The  root  hiir-i  are  mostlj  short  viith 
bro«  n  w  ills  and  pro  luce  at  their  end  lobed  attaching  disc«  or  branching  tubes 

In  he  PohpodiaccEe  and  Schizxacca;  the  endosp  re  developes  into  a  'ihort 
arncuhted  filamentous  protonema  at  the  end  of  which  even  at  an  earlj  stage  a 
more  or  less  considerable  increase  m  \  readth  takes  place  a  plate  of  tissue  is  thus 
formed  consisting  at  first  of  onlv  one  hjer  which  soon  assumes  a  broidh  cordate 
or  even  remform  shape  and  has  its  growing  apex  situated  m  an  antenor  depression 
Its  apical  cell  forms  two  rows  of  segments  right  and  left  bj  walls  which  are  per 
pendieuhr  to  the  surface  and  from  their  further  divisions  the  flat  tissue  is  produced 
The  power  of  rejuvenescence  of  the  apical  cell  is  however,  limited  it  ends  m 
the  formation  of  a  sef tum  by  which  a  new  afical  cell  is  f  rmed  which  then  divides 
b}  longitudinal  walls  and  thus  forms  a  row  of  ap  cal  cells  Ijmg  side  by  side 
which  occupies  the  bottom  of  the  depression  ot  the  pro  thallium  disc  in  the  same 
manner  as  in  the  thiUus  of  Ft/in  The  root  hairs  are  all  lateral  structures, 
sprinf,ing  in  lai^e  numbers  from  the  underside  of  the  posterior  part  of  the  pro 
tbalhum,  among  them  we  the  anthend  a  which  in  this  case  are  onlj  rarely 
marginal  The  arcbegonia  are  also  produced  oi  the  under  side  but  on  a  cushion 
behnd  the  anterior  depression  formed  of  severd  laver  m  Ctaio/tns  several 
cushions  are  formed  bearing  archegonia 

Osmunh  (examined  minutelj  bj  Kn)  and  comfared  w  tb  the  preceding  I  i  ) 
IS  distnguished  in  the  first  place  from  the  Pohpodiacese  and  Schiz'^acese  b)  the 
absence  of  the  profonematous  filament  The  endospore  undergoes  divisions  at  the 
veiy  commencement  of  germmalion  which  form  a  plate  of  tissue  of  which  a  pos 
tenor  cell  is  converted  as  in  Equ  setaeese  into  the  first  root  hair  The  succeeding 
root  hairs  arise  from  marg  nal  cells  and  on  the  under-sile  uf  superficial  cells  of  the 
prothallium  the  apical  giowth  of  which  follows  a  siro  lai  course  to  that  of  Pol)po 
diace-e  The  mid  rib  consisting  of  several  layers  is  characteristic  of  Oimunda 
penetrating  the  ribbanlike  prothallium  from  the  posterior  end  to  the  apex  and 
producing  a  large  number  if  trchegonii  on  both  s  dts  The  anthe  dia  spring  partlj 
from  the  margin  partly  from  tie  lower  surface  with  tie  e-ctjpiion  of  the  mid  rib 
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Like  many  thalloid  Hepatic^,  the  prothallia  of  Ferns  also  produce  adventitious 
shoots  from  single  marginal  ceUs^ ;  this  happens  with  especial  profusion  in  Osmunda, 
where  the  adventitious  shoots  become  detached,  and  play  the  part  of  vegetative 
organs  of  reproduction. 

The  prothallia  show  a  tendency  to  be  dicecious,  which  is  manifested  in  the 
fact  that  all  the  spores  from  a  sporangium  sometimes  produce  prothallia  bearing 
antheridia  only  (as  in  Osmunda  regalis);  while  in  other  cases  the  archegonia 
appear  later  and  in  smaller  numbers,  and  are  fertilised  by  the  antheridia  of  younger 
prothallia. 

The  Antheridia  are,  speaking  morphologically,  trichomes;  they  ate  produced  in 
the  same  manner  as  the  root-hairs,  as  outgrowths  of  the  marginal  or  superficial  cells 
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antherozoids,  which,  however,  are  not  numeious.  The  dehiSLcnce  of  the  ripe  anthe- 
ridium  is  the  consequence  of  a  rapid  absorption  of  water  in  the  parietal  cells,  which 
swell  up  violently  and  compress  the  contents  of  the  central  cell  till  the  antheridium  is 
ruptured  at  the  apex.  The  antherozoid-cells  thus  escape,  and  out  of  each  of  them 
is  set  free  an  antherozoid  coiled  spirally  three  or  four  times.  The  finer  anterior  end 
of  each  antherozoid  is  provided  with  a  number  of  cilia ;  the  thicker  posterior  end 
oftfen  drags  with  it  a  vesicle  furnished  with  colourless  granules,  which  subsequently 
falls  off  and  remains  at  rest,  while  the  filament  alone  continues  in  motion.  Stras- 
burger  states  that  this  vesicle  is  formed  from  a  central  part  of  the  contents  of  the 
mother-cell,  the  parietal  protoplasm  of  which  forms  the  filament  and  its  cilia.  The 
vesicle  is  hence  properly  not  a  part  of  the  antherozoid;  it  is  only  attached  to  it, 
and  swells  up  strongly  in  water  by  endosmose,  as  Is  shown  iti  Fig.  293. 

The  Archegmium  arises  from  a  single  superficial  ceil  of  the  prothallium,  which 
is  at  first  only  slightly  arched  and  is  divided  by  two  walls  parallel  to.  the  upper 


'  [On  the  formation  of  gemma;  by  Pern-prothallia,  see  Cramer,  Ueb.geschlechtsloseVermehrang 
dea  Fam-proth allium,  Basel  1881.] 

'  These  divisions  take  place  in  a  very  rcniartable  manner.  In  the  hemispherical  mother-cell  of 
the  antheridium  of  Aneimia  hirta  an  arched  wall  arises,  by  which  it  is  divided  into  an  inner  heini- 
Bpherical  cell,  and  an  outer  one  which  covers  the  former  like  a  bell ;  the  latter  is  then  split  up  by  a 
transverse  annular  wall  into  an  upper  lid-like  and  a  lower  hollow  cylindrical  cell.  The  same  thing 
occurs  in  Cerotopeiris ;  in  other  cases,  as  in  Asplenium  alatum,  a.  funnel-shaped  wall  is  formed  in 
the  hemispherical  mother-cell  of  the  antheridium,  the  wide  end  of  the  tunnel  being  directed  towards 
the  Dpper  surface  of  the  mother-cell,  and  the  upper  part  of  the  mother-cell  is  cut  off  by  a  transverse 
septum  as  a  coveiing  cell;  two,  or  even  three,  funnel-shaped  walls  may  be  formed  in  succession,  so 
that  the  parietal  layer  of  the  antheridium  consists  of  two  or  three  superposed  cells  forming  its 
circumference  and  a  covering  cell  (as  in  Fig.  29a).  The  mode  of  formation  of  the  antheridinm-wall 
is  qnite  different  in  Osjimnda,  where  it  consists  below  of  two  or  three  cells,  upon  which  rest  several 
of  the  upper  cells  which  result  frqjn  the  division  of  the  covering  cell  (Kn>,  I.  c.). — [See  also  Stras- 
liurger,  Theiluiigsvotgange  in  den  Anllieridien  det  Fame  ;  Zellbildung  und  Zelltheiluiig,  3rd  edition,] 
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surface.  The  lowest  of  the  three  cells  thus  formed,  which  Janczewski  calls  the 
basal  cell  (Fig.  294,  below  e),  subsequently  divides  in  the  same  manner  as  the  cells 
of  the  surrounding  tissue,  and  thus  contributes  to  the  formation  of  the  ventral  wall 
of  the  archegoniura  which  is  completely  eiiibedded  in  the  tissue  of  the  prothallium. 
The  most  external  of  the  three  primary  cells  gives  nse  to  the  wall  of  the  neck  of  the 
archegonium  (Fig.  294,  A,  hh),  by  dividing  crosswise  mto  four  cells  from  which  the 


four  rows  of  cells  of  which  the  neck  of  the  archegonium  consists  are  produced  by 
oblique  divisions.  The  anterior  wall  of  the  neck  (that  is,  the  wall  which  is  directed 
towards  the  apex  of  the  prothallium)  grows  more  rapidly  than  the  opposite  wall  and 


becomes  convex.      Accordingly,  the  number  of  cells  in  the  anterior  row  is  larger 
than  that  of  the  posterior  row,  in  the  former  it  is  usually  six,  in  the  latter,  four. 

From  the  middle  one  of  the  three  primary  cells  the  central  cell  and  the  canal- 
cell  of  the  neck  are  derived,  that  is,  the  axial  row  of  cells  of  the  archegonium. 
Whilst  the  wall  of  the  neck  is  being  formed,  this  middle  cell  becomes  pointed  above 
and  penetrates  between  the  cells  of  the  neck  (Fig.  2^4,  A);  the  pointed  portion  is 
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then  cut  off  by  a  transverse  septum  and  forms  the  single  canal-cell  of  the  neck, 
which  elongates  with  the  growth  of  the  neck  and  fills  its  cavity.  According  to 
Strasburger  a  tendency  to  division,  which  however  does  not  actually  take  place,  is 
indicated  (Eig,  294,  S)  by  the  appearance  in  the  neck-cell  of  several  nuclei,  a  view 
which  is  opposed  by  Janczewski.  According  to  the  latter  observer  the  large  central- 
cell  divides  into  an  upper  small  cell,  the  ventral  canal-cell  (Fig.  395,  B,  s),  and  into  a 
lower  much  larger  cell,  the  oosphere,  which  subsequently  rounds  itself  off.  The 
walls  of  the  canal-cells  swell  up,  become  mucilaginous,  and  finally  the  watery  muci- 
lage together  with  the  protoplasm  of  the  canal-cells  is  forced  out  of  the  opened  neck. 
The  anlherozoids  are  retained  by  this  mucilage  and  collect  in  large  numbers  before 
the  archegonium  ;  a  number  force  themselves  into  the  canal  of  the  neck,  often  finally 
stopping  it  up;  a  few  reach  the  oosphere,  force  themselves  into  and  d 


The  entrance  fakes  place  at  a  lighter  spot  of  the  oosphere  facing  the  neck,  which  is 
termed  the  Receptive  Spot '  (compare  the  oogonia  of  AlgE).  After  fertilisation  the 
neck  closes. 

The  Asexual  Generation  (Sporophore)  or  Fern  (as  it  is  popularly  termed)  is 
developed  from  the  oospore  or  fertilised  oosphere  of  the  archegonium  ^.  At  first  the 
surrounding  tissue  of  the  prothallium  keeps  pace  with  the  increase  of  the  embryo,  so 


y  be  observed  especially  clearly  in  Cera- 
as  the  oosphere  had  previously  been  seen 


'  Strasburger  states  that  the  act  of  feriilisalio 
topleri!^;  the  forcible  egtcance  of  Ihe  anlherozoids  a 
by  Hofmeister. 

»  [From  the  researches  of  Failow  (Quart.  Joui.  Micr.  Sci.  1R74)  and  of  De  Bary  (Bot.  Zeit.  1878) 
the  sporophore  is  frequently  developed  from  the  oophore  in  some  Ferns  {Pleris  crstica,  Asfiidivm 
falcaium)  without  ihe  intervention  of  sexual  organs.  The  young  Fern  is  produced  as  a  bud  from 
certain  cells  of  the  prothallium.      De  Bary  terms  this  mode  of  development  Apogamy.] 
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thit  this  latter  rem-uns  for  some  time  enclosed  in  a  protuberance  ';pringin^  trom 
the  un  ler  surface  until  the  first  leif  and  root  break  throuffh  TV  e  first  proce'ises 
of  dmsion  of  the  oosjore  are  as  Hofmei'-ter  has  shown  in  the  case  oi  Pkris  ajuibna 
and  A'^pidium  Fihx  mas  not  entire!}  al  Xe  m  different  Ferns'  It  is  certain  how 
ever  that  the  first  dmsion  wall  (called  the  batal  i  ill)  of  the  oospore  is  transverse 
to  the  longtudinal  axi".  of  (he  prothnlhum  and  nclinei  to  it  obliquelj  as  shown 
in  Fig  295  E  Its  indination  is  the  sime  as  that  of  the  neck  of  the  archegonium 
It  IS  also  certain  that  each  of  the  two  daughter  cells  is  at  once  dmded  again  h\  a 
will  in  the  plane  of  the  prothallium  (called  the  iransierse  ualt)  so  that  the  embr}0 
now  consists  of  four  cells  phced  as  quadrants  of  a  sphere  and  thee  are  further 
divided  bj  a  wall  parallel  to  the  long  axis  of  the  prothallium  (called  the  median  ualf) 
In  Fig  2<j6  these  first  trans\erse  divisions  are  indicated  by  thicker  lines  the  embryo 
being  seen  in  longitudinal  section  The  explanation  of  the  figure  po  nts  out  the 
interpretation  which  Hofmeister  gives  to  the  fir  t  four  cells  oi Plens  aqmlim  wh  ch 
the  reader  nia>  compare  w  ih  the  corresponding  de\elopment  of  SaLinia  and 
Matsiha  but  it  must  not  be  forgotten  th'it  the  erabrio  of  the  Fern  lies  so  to 
speak    on  its  hack      Although  it  is  impossible  in   this  flace  to  go   into  a  more 


minute  description,  it  is  still  necessary  at  least  to  point  out  that  a  close  resem- 
blance exists  between  the  embr}'o  of  Ferns  and  that  of  Rhizocarps. 

[The  embryo  now  consists  of  eight  cells.  Of  the  four  octants  which  lie  in  front 
of  the  basal  wall  (the  epibasal  half  of  the  embryo)  the  two  upper  (('.  e.  those  nearest 
the  neck  of  the  archegonium)  give  rise  the  one  to  the  growing  point  of  the  stem,  the 
other  to  ttichomes,  from  the  two  lower  octants  the  first  leaf  (cotyledon)  is  developed. 
Of  the  four  octants  which  lie  behind  the  basal  wall  (forming  the  kypobasal  half  of  the 
embryo),  the  npper  two  form  the  foot ;  and  of  the  lower  two,  the  one  which  is  diame- 
trically opposite  to  that  which  forms  the  stem  gives  rise  to  the  root,  and  the  other  is 
graduallj  suppressed  ] 

'  [On  the  embrjologj  of  Ferns,  see  Kny,  Keimung  und  Entwiokel.  von  Ceratopierh,  Hot.  Zeit. 
1874,  and  Die  Ent»ii.ifcluiig  der  Parkeriaceen,  Nov.  Act.  Acad.  Leop.-Carol.  1875. — Vouk,  Die 
Entwick.  des  Embryo  bti  Aspknium  Siepherdi,  Silzber.  d.  Wien  Alad.  1877.— Leitgeb,  ibid.  1878, 
Zur  Embryologie  der  Fame  — Kienilz-GerlofF,  Entwickelung  des  Embryo  bei  Pteris  serriilala,  Bot, 
Zeitg.  1878,— A  good  summary  is  given  by  Sadebeck  in  Schenk's  Haiidbuch,  vol.  L  Compare  also 
the  acconnts  given  of  the  embryology  of  Equiseaim,  Mimilio,  Snlvimn,  and  Selaginella,  as  also  of 
MuscincK;  fuither,  Goebcl,  zur  Embryologie  der  Archegoniaten,  Arb.  d.  bot.  Inst,  in  WUrzburg, 
II.  3.  188=0 
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The  f  ol  IS  an  organ  bv  which  the  embrv)  afiaches  itself  to  fhe  tissiae  of  the 
prothaUmm  in  order  to  draw  noun  hment  from  t  while  the  first  roots  and  leaves  are 
being  formed  The  first  parts  of  the  stem  and  the  roots  and  leaves  »bch  are  now 
developed  in  succession  frtm  the  embr(o  are  \erv  smill  and  remain  so  those 
which  are  formed  later  are  gradualh  larger  The  leaves  become  con  tantly  more 
complex  in  form  and  the  struLtuie  of  the  stem  more  intncafe  as  the  new  portions 
formed  bj  Us  growth  m  length  ncrease  n  diimeter  The  first  paits  of  the  stem 
hke  the  first  leif  siilks  contain  each  tnly  one  av  al  fibro  vascular  bundle  the  later 
ones  a  larger  number  when  both  stem  and  leaf  stalk  have  atta  ned  a  considerable 
thickness  In  this  manner  the  Fern  contmues  to  gam  strength  not  by  subsequent 
mcrease  of  size  of  the  embr}onic  structures  but  by  each  success^e  part  attaining 
a  more  considerable  'size  and  development  than  the  precedii  g  ones  until  at  length 
a  kind  of  stationary  condition  is  amved  at  in  which  the  newlv  formed  organs  are 
nearly  iimilar  lo  the  preceding  ones  The  following  observations  refer  etpeciall)  lo 
this  mature  condition  of  Ferns. 


The  mature  Fern  is,  in  some  Hymenophylhcete,  a  small  delicate  plant  not 
much  exceeding  in  dimensions  the  larger  Muscineje  in  other  sectons  the  fully 
grown  plants  attain  the  size  of  considerable  shrubs  some  species  natives  of  the 
Tropics  and  of  the  Southern  Hemisphere,  assume  even  a  palm  hke  habit  and  are 
called  Tree-ferns.  The  stem  creeps  on  or  beneath  the  ground  (as  in  Polypofium 
and  Pieris  aquilind),  or  climbs  up  rocks  and  stems  m  some  it  ascends  obliquely 
{f.g.  Aspidium  Filix-mas);  in  Tree-ferns  it  rises  up  vertically  in  the  form  of  a 
column.  The  roots  are  usually  very  numerous  in  Tree  ferns  the  stem  is  often 
entirely  covered  by  a  dense  mantle  of  them.  The\  arise  on  the  stem  in  aero 
petal  succession;  sometimes  close  to  the  growing  apex  of  the  stem  (as  in  PUris 
aquilind).  When  the  intemodes  remain  very  short  and  the  stem  is  entirelj  covered 
with  the  bases  of  ihe  leaves,  the  roots  arise,  as  in  Aspilium  Fihx  mas  from  the  leaf- 
stalks. In  many  Hymenophyllaceae  which  have  no  true  roots  branches  of  the  stem 
assume  a  root-like  structure.  In  creeping  and  climbing  species  the  leaves  are  sepi 
raied  by  distinct  intemodes  which  are  sometimes  very  lonj,     in  thick,  ascending 
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and  vertical  sterna  the  mternode';  ire  u'-uallj  undeieloped  in  I  the  \eive  sn  (.rovded 
that  no  free  portion  of  the  stem  remains  uncovered  or  onl(  \  very  inconsiderable 
one^.  The  leaves  of  Ferns  are  usuall)  characterised  by  a  circinite  vernatiLn  and 
they  only  unroll  in  the  kit  stige  of  their  grcwth  the  mid  rb  and  the  literal  \ens 
are  curved  from  behind  forwards  The  forms  of  the  ]ea\es  are  among  the  most 
perfect  in  the  whole  \egetible  kingdom  they  mnife'it  an  enormous  vanet)  in 
their  outline,  the  lamina  bemg  usually  deeply  lobed  brii  ched  or  pinnate  In  com- 
parison with  the  stem  and  the  slender  roots  the}  are  mostl)  \eT}  hrge  and  some 
times  attain  extraordinarj  dimensions  even  a  length  of  from  6  to  lo  feet  (as  m 
Pkris  aquilina  and  Cibolium)  They  ire  aiwus  stalked  and  continue  their  growth 
at  the  apex  for  a  long  time  the  leif  stalks  and  the  lower  parts  of  the  limina  are 
often  completely  unfolded  while  the  apex  is  still  growing  (as  in  Nepkrohpis).  This 
apical  growth  is  not  unfrequenlly  interrupted  periodically  {vide  in/rd) ;  in  Lygodium 


the  leaf-stalk  or  the  rachis  resembles  a  twining  stem  with  long- continued  growth,  the 
pinn^  presenting  the  appearance  of  leaves.  The  amount  of  metamorphosis  of  the 
leaves  is,  notwithstanding,  very  inconsiderable ;  on  the  same  plant  the  same  forms 
of  leaves,  mostly  foliage-leaves,  are  constantly  repeated;  scale-like  leaves  occur  on 
underground  stolons  (e.g.  in  Sirulhiopteru  germamea),  and  in  many  cases  the  fertile 
leaves  (those  which  bear  sporangia)  assume  special  forms.  Such  differences  as 
occur  in  most  Phanerogams  are  not  found  in  the  development  of  the  leaves  of  one 
plant;  Platycerium  akicome  must,  however,  be  mentioned,  as  having  the  foliage- 
leaves  alternately  developed  as  broad  plates  closely  applied  to  the  supporting  surface 
and  as  long  dichotomously  branched  ribbon-shaped  erect  leaves. 

Among    the   various  forms  of  Irichomes  of  Ferns   those    termed   Ramenta   are 

■  From  the  change  of  form  and  of  size  presented  by  the  older  cicatrices  Brongniart  concluded 
that  the  stems  of  the  Tree-ferns  continue  to  grow  in  leiiglh  {and  i.i  thickness?)  for  some  time  after 
the  leaves  have  fallen  olT. 
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especially  striking,  from  their  great  numbers  and  from  being  frequently  flat  and  leaf- 
like ;  ihe  younger  leaves  are  generally  entirely  covered  and  concealed  by  them. 

After  diese  preliminarj  particulars  we  may  now  turn  to  a  consideration  of  the 
mode  of  growth  of  the  separate  organs 

The  growing  end  of  Ike  slim  sometimes  far  outruns  the  point  of  attachment  of 
the  youngest  leaves  ind  then  appears  naked  as  m  Pnlypodium  vulgare  P  spotodo 
carpum,  and  other  creeping  Ferns  as  well  as  m  PUrts  aqvtbm  where  according  to 
Hofmeister,  it  frequently  atta  ns  in  old  plants  a  length  of  se\erU  inches  without 
bearing  leaves.  Mettenms  states  that  in  manj  Hjmenophylhi,eK  leafless  prolon 
gations  of  the  axis  of  ih  a  knl  have  been  taken  for  root  In  other  cases  on  the 
contrary,  especially  in  Ferns  with  an  erect  growth  the  increase  m  length  of  the 
stem  is  much  slo  ler  its  apex  remaining  enclosed  in  1  leaf  bud  The  stem  generally 
ends  in  a  Sat  apex  sometimes  as  m  /'/«(t  it  is  even  imbedded  m  a  funnel  shiped 
elevation  of  the  oiler  tissues  (Fig  301  E)  The  apex  of  the  stem  is  alwa>s  cccupied 
by  a  clearly  distinguishable  apical  cell,  which  is  either  divided  by  walls  alternately 
inclined,  and  then  resembles,  when  viewed  from  above,  the  transverse  section  of 
a  biconvex  lens ;  or  it  is  a  three-sided 
pyramid,  with  a  convex  anterior  surface 
and  three  oblique  lateral  surfaces,  which 
intersect  behind.  The  outlines  of  tlie 
segmen  s  which  are  m  Che  first  ca  e  in 
two  m  the  stconl  case  m  three  r  v 
or  arranged  ^  th  more  corapl  cited 
d  vergences  soon  disappear  m  con'.e 
quence  of  numerous  cell  iiv  sions  and 
of  the  1  splacement  aused  bj  the 
growth  of  the  misses  of  tissue  and 
leaf  salks  suiromdmg  the  ape^  The 
apical  ceC  for  instance  of  Pt  ns  iju  V19  "t,      °  «  b    p  ,g  T  ( he""u°|i 

Ima,    IS    wedge    hapei     the    segmen  s       ushon     iss"  apjirouu 

on  the  horizontal  stem  forming  a  right 

and  a  left  row  the  ed^es  of  the  apcal  cell  face  upwards  and  downwards 
(Fig  300)  The  same  is  also  the  case  according  to  Hofmeister  in  Niphobolus 
ihtrunsis  and  rupestris  Polypodmm  am  mm  and  pirutuiatum  and  Plzfycerium 
alci  orne  In  Poly  podium  zulgire  he  states  that  it  is  sometimes  wedge  shaped 
sometimes  pjramidal  with  three  faces  the  last  name  1  form  occurs  also  in  Asptdium 
Fthx  mas  &c  As  a  rule  it  ma}  for  tl  e  present  be  is  umed  that  creeping  stems 
i\]th  a  bilateral  development  have  a  wedge  shaped  ap  cal  cell  upright  or  ascendmg 
stems  with  rad  atmg  rosettes  of  leaves  one  th  t  is  a  tl  ree  sided  pyramid 

The  further  relat  onships  of  the  segn  ents  of  the  apical  cell  of  the  stem  to  the 
origin  of  the  leaves  md  to  the  buling  up  of  the  ti  sue  rf  the  stem  itself  are 
stdl  but  Itde  kn  wn  m  detail  It  cannot  be  doubted  that  each  leai  results  from 
a  single  segment  onlv  an  1  that  this  segment  cell  is  demoted  from  an  early  penod 
to  the  formation  of  the  leif  but  it  appears  doubtful  whether  the  segments  alvajs 
form  leaves  and  if  not  hat  number  of  ster  Ic  segn  en ts  1  ter\enes  bctieei  those 
from  which  a  leaf  s  de  clop   1 
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Tht  ihjllotavis  (  f  Ferns  sometimes  corresponds  to  the  rectilineir  irringenient 
ot  the  segments  of  the  apical  cell  Thus  the  distichous  arran  ement  of  ihe  leases 
of  P/ens  aqmhna  Aipkoliolus  rupeslris  and  of  some  species  of  Pohpoimm  corre- 
sponds to  the  biseriate  segmentition  of  the  ayical  cell  of  the  stem  But  where  the 
ph)llot-ixis  IS  complicated  and  spiral  and  the  apinl  cell  a  three  sided  pyramid  as 
occurs  in  Asfid/um  Fihx.  mas  the  same  processes  ma>  take  phce  as  in  those  Mosses 
which  ha\e  their  ka\es  arranged  m  manj  rows  with  a  trilateral  apical  cell  such 
as  P  hlri  hum  ' 

The  Ttrminal  Branching  of  the  stem  is  considered  b>  Hofmeiiter  to  be 
dichotomous  in  all  Ferns '  The  branches  arise  very  near  the  end  of  the  stem  and 
are  at  least  at  hrst  eqmialent  to  the  pnmarj  stem  so  that  the  brtnching  is  a 
bifurcation  Thit  the  branches  are  independent  of  the  leases  is  inferred  bj  this 
writer  from  the  fact  that  the  ends  of  the  stem  of  Pteti''  aquihna  which  are  leafless, 
and  often  beveral  inches  long  regularly  bilurcale  Theie  branches  are  in  this 
and  in  manj  other  cases  not  ax  lUrv  ■ind  where  in  other  Ferns  they  appear 
ax  Uary  we  must  assume  with  Hofmeister  that  the  bifurcahon  hts  taken  place 
immcdiatelj  in  front  of  a  youngest  leif  and  that  the  limb  of  the  fork  winch  stands 
before  the  leif  de\elopes  to  ■\  smiller  while  the  other  {the  prolongation  of  the  primary 
stem)  does  so  to  a  greater  extent  The  branchinE;  at  the  end  of  the  stem  does  not 
neces&aiil)  tike  place  in  the  same  plane  as  the  insertion  of  the  leaf  iramediatelj  pre 
ceding ;  when  it  does,  the  branch  stands  laterally  on  the  stem  beside  the  leaf.  To  this 
class  belongs,  according  to  Mettenius's  description,  the  extra- axillary  branching  of  those 
HymenophyllaccEe  which  have  their  leaves  in  two  rows.  That  which  distinguishes 
Ferns  from  Phanerogams  with  axillary  branching,  especially  Angiosperms,  is  the 
rarity  of  tertninal  branching.  While  in  the  latter  every  leaf-axil,  at  least  in  the 
vegetative  region,  bears  a  bud,  even  the  apparently  axillary  branches  of  creeping 
Ferns  with  long  internodes  occur  mostly  only  at  great  distances,  being  wanting  in 
a  number  of  intermediate  leaves.  In  those  Ferns  where  (he  growth  of  the  stem  is 
slow  and  the  apical  region  of  considerable  size,  especially  in  erect  species  like  Aspi- 
dium  Filix-mas  and  the  Tree-ferns,  terminal  branching  of  the  stem  is  reduced  to 
a  minimum,  or  is  entirely  absent,  or  occurs  only  in  abnormal  cases. 

The  formation  of  new  shoots  from  the  bases  of  leaf-stalks  must  be  distinguished 
from  the  normal  terminal  branching  of  the  stem.  These  have  nothing  to  do 
genetically  with  the  stem,  any  more  than  the  formation  of  adventitious  shoots  from 
the  lamina  of  the  leaves  (vide  infra). 

The  Development  of  the  Lrnf^  is  exclusively  basifugal  and  apical,  the  further 

growth  being  also  basifugal.     The  leaf-stalk  is  first  formed;    at  its  apex  the  lamina 

gins  subsequently  to  show  itself-    its  lowest  parts  are  formed  first,  its  higher  parts 

The  extaordnary  slo  vness  of  this  growth  is  very  re- 

Bot.  Zdig.  1S70,  p.  441. 

en,  Abhdl.  d,  kgl,  sachs.  Ges.  d.  Wiss. 
V.  1861,  this  is  not  the  case  Me  t  n  us  ew  has  been  recently  confirmed  by  Praiitl,  who  has 
found  Chat  the  branching  in  minj  Fern  uch  as  Cy  tap  n  monlana,  PkegopierU  vulgarh,  Dryopieris 
calcarea,  is  effected  by  lateral  tuds  (F  0  a,  I'^Ts)  Cera  opieris  appears  lo  be  the  only  Fern  which 
does  not  produce  them  (Kny,  /or.  cii.y] 

>  [See  Sadebeck,  Ueb,  d.  Entaiel!.  d.  Faniblaites;  Verhandl.  d.  bot.  Ver.  d.  prov.  Braiideii- 
burg,  1874.] 
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markable,  finding  its  parallel  only  among  the  OphioglossaceK.  In  old  plants  of 
J'/en's  aguilina  the  formation  of  the  leaf  commences  fully  two  years  before  its  un- 
folding;—at  the  commencement  of  the  second  year  only  the  leaf-stalk  is  as  yet 
in  existence,  about  one  inch  high.  Up  to  this  period  its  growth  has  been  effected 
by  a  single  apical  cell  which  is  divided  by  oblique  walls  in  alternating  directions ; 
it  is  now  carried  on  by  a  number  of  marginal  cells  which  divide.  The  pinnae  are 
derived  from  the  segments  of  the  single  apical  cell ;  the  veins  are  formed  by  the 
repeated  divisions  of  the  marginal  cells  (Sadebeck).  In  the  summer  of  the  second 
year  the  lamina  arises  for  the  first  time  at  the  apex  of  this  rod-like  body,  and  may  be 
found  hidden  in  the  form  of  a  minute  disc  beneath  the  long  hairs.  It  immediately 
bends  downwards  at  its  apex,  and  hangs  down  like  an  apron  from  the  apex  of 
the  stalk  (Fig.  301,  B,  C,  D).  Its  growth  now  proceeds  underground,  so  that  it 
does  not  begin  to  unfold  till  the  third  spring,  when  it  is  raised  above  ground 
by  the  elongation  of  the  leaf-stalk.    The  whole  of  the  leaves  of  a  rosette  of  Aspidium 


Filix-mas  have  been  in  course  of  formation  two  jears  before  their  unfolding; 
the  leaf-stalk  is  in  this  case  also  formed  m  the  first  year,  and  the  first  formation 
of  the  lamina  takes  place  on  the  oldest  leases  of  the  )Oung  rosette. 

The  basifugal  apical  growth  of  the  lammi  of  Fern-leaves  is  however  most 
conspicuous  when  it  continually  advances  fcr  a  con'-iderable  time  without  attaining 
a  definite  conclusion  while  the  lower  parti  of  the  lamina  have  long  been  fully 
developed,  as  in  Nephrohpis.  The  periodical  mterruption  of  the  apical  growth 
of  the  lamina  already  mentioned  occurs  in  miny  sj  eciea  of  Gldchmia  and  MerUnsia, 
where  the  development  of  the  leives  remains  station-iry  above  the  first  pair  of 
pinnse,  and  when  the  pinnation  is  compound  this  is  often  repeated  in  the  several 
orders  of  branching,  so  that  the  apex,  forming  apparently  a  bud  in  the  fork,  either 
remains  altogether  undeveloped,  or  is  developed  in  a  succeeding  period  of  vegetation, 
and  then  only  incompletely.     This  intermittent  development  of  the   leaves   may 
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apparentl)  extend  o\er  min>  jears  (see  Braun  'Rejuventsetnce  p  i'3).  Ac- 
cording to  Mettemus  the  lamina  of  some  H)  menophvUacese  is  capable  of  unlimiied 
development  and  is  annuallj  renewed  In  Ly^odwm  the  primarj  branches  of  the 
lamina  remain  ^Ko  in  a  bud  like  condition  at  the  end  after  the  formation  of  each 
pair  of  pinn'e  of  the  second  order  while  the  richis  of  the  leaf  grows  without 
limit  and  resembles  a  twining  ■,tem 


The  branching  of  the  lamina  of  Fem-leaves  is  not  unfrequently  forked  in  the 
mature  state,  as  in  Plalycerium,  Schizaa,  &c. ;  but  Hofmeister  refers  also  the  pinnate 
forms  to  dichotomous  branching  at  the  commencement,  which  becomes  sympodial 
with  further  development,  a  right  and  left  limb  of  the  bifurcation  being  alternately 
weaker  in  its  growth,  and  forming  the  lateral  pinnse ;  while  the  branches,  the  growth 
of  which  is  favoured,  form  the  rachis  of  the  leaf  or  of  the  branch  of  a  leaf  ^. 


o  that  Hofrneister  applies  the  term  'dichotomy'  in  a  mnch  wider 
a  large  number  of  species  are  greatly  to  be  desired. 
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The  Formation  of  Advenlitiom  Buds''  which  do  not  result  from  the  terminal 
branching  of  the  stem,  is,  in  Ferns,  connected  with  the  leaves.  These  buds  make 
their  appearance  on  the  leaf-stalk  or  on  the  lamina  itself.  The  shoots  of  Pteris 
aquilina  which  spring  from  the  leaf-stalk  (Fig.  301)  stand  at  the  hack  of  the 
individual  ieaf-stalks  near  the  base;  in  Aspidium  FHix-mas  (Fig.  302)  they  arise 
at  a  moderate  height  above  the  insertion,  usually  on  one  of  the  lateral  edges  of  the 
leaf-stalk.  In  both  cases  Hofmeister  states  that  they  are  formed  on  the  young 
leaf-stalk  even  before  the  first  appearance  of  its  lamina,  and  before  the  differentiation 
of  its  tissue.  A  single  superficial  cell  of  the  leaf-stalk  is  the  mother-cell  of  the  new 
shoot;  and  as  the  surrounding  tissue  of  the  leaf-stalk  grows  like  a  wall  around  them, 
they  may,  as  in  Pteris,  be  placed  in  a  deep  depression,  where  they  sometimes  remain 
dormant  for  a  long  period.  Even  when  the  leaf  has  long  died  away,  the  leaf-stalk 
still  remains  succulent  up  to  the  bud,  and  filled  with  food- materials ;  and  in 
Aspidium  Filix-mas  vigorous  stems  are  not  unfrequently  found  with  a  number  of 
leaves  at  theii  posterior  end  still  attached  to  the  leaf-stalk  of  an  older  stem.  In 
some  cases,  as  in  Slruthiopteris  germanica,  the  buds  produced  on  the  leaf-stalks 
develope  into  long  underground  stolons  furnished  with  scale-leaves,  which  become 
erect  at  the  end  and  unfold  a  crown  of  foliage -leaves  above  ground.  In  Nephro- 
lepis  undulata  they'  swell  at  the  end  into  tubers.  Adventitious  buds  spring  from  the 
lamina,  especially  in  many  species  of  Aspimtam  ;  in. A.  furca/um,  e.g.,  often  in  large 
numbers  from  the  middle  of  the  upper  surface  of  the  pinnae;  in  A.  decussatum  from 
thebaseofthepinnte  (oraxiliary  on  the  mid-rib?).  Ceralopleris  thalictroides  not  unfre- 
quently produces  buds  in  the  axils  of  all  the  divisions  of  the  leaves,  which,  especially 
when  the  detached  leaf  is  laid  upon  damp  ground,  develope  rapidly,  and  grow  into 
vigorous  plants.  According  to  Hofmeister,  these  buds  also  spring  from  superficial 
cells  of  the  leaf.  The  long  pendulous  leaves  of  some  Ferns  touch  the  ground  with 
fheir  apices,  root,  and  sometimes  also  put  out  new  shoots  from  these  points  i^.g. 
Chry sodium  flagelliferiim,  Woodwardia  radicans,  &c.)- 

The  Roots.  During  its  growth  the  stem  is  usually  constantly  forming  new  roots 
in  acropetal  succession,  which,  in  the  creeping  species,  become  at  once  fixed  Co  the 
Substratum.  [As  a  rule  they  are  ^eVeloped  quite  endogenously,  but  in  Ceralopleris 
thalictroides,  according  to  Kny,  they  arise  from  cells  immediately  beneath  the 
epidermis.  According  to  Conwentz,  a  distinct  relation  can  usually  be  observed 
between  the  number  of  the  roots  and  jhat  of  the  leaves.]  In  Pleris  aquilina  the 
new  roots  appear  close  behind  the  apes,  and,  both  in  this  species  and  in  Aspidium 
Filix-mas,  they  also  proceed  from  the  adventitious  buds  of  the  leaf-stalk  while 
still  very  young.  It  has  already  been  mentioned  that,  in  the  last-named  species, 
when  the  mature  stem  is  completely  covered  by  leaf-stalks,  all  the  roots  spring 
from  them  and  not  from  the  stem.  In  Tree-ferns  especially  the  lower  part  of 
the  erect  stem  is  entirely  covered  by  slender  roots,  which  grow  downwards,  forming 
an  envelope  several  inches  thick  before  they  penetrate  the  soil,  and  thus  give   a 

both  in  reference  to  the  formation  of  leaves  and  to  the  terminal  branching  of  the  stem.  [According 
to  Sadeheck,  the  pinnie  are  developed  as  lateral  outgrowths,  but  the  branching  of  the  veins  is  the 
result  of  the  dichotomy  of  the  marginal  cells  ;  see  svfra7\ 

'  [On  the  development  of  thiae  adventitious  bulls,  see  Hciniicher,  Sitzber.  d.  Wien.  Akad.  i8;8 
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broad  ba  e  to  ti  e  «em  althouql  it  is  there  reiilv  tnuLh  nore  slender  but  m  the 
up|.er  part  there  are  also  a  j,reat  manj  ro5ts  In  stu'iII  phnt^  thei  are  verj  slender 
01  large  phnts  thej  attain  a  diameter  f  trom  i  to  ^  mm  they  are  cjlindrical 
general!}  covered  with  a  number  of  root  hiirs  whch  form  i  kind  of  felt  and  are 
of  a  brown  or  black  coloir  The  hibtorj  of  the  growth  of  Fern  roots  his  been 
studied  bj  Nageh  and  Lcit^eb  The  apical  cell  is  \  three  sided  pjramil  with 
a  come\  equilateral  bnse  The  se^jments  or  U\ers  of  the  r-^ot  cap  detathei  Lj 
convex  sej  ta  parallel  to  the  base  first  divde  into  four  ceUs  placed  crosswise 
and  the  walls  which  effect  ihs  dn  ion  alternate  in  successne  laieis  b)  about 
45°  each  of  the  fmr  ceil*  of  a  lajer  then  splits  up  mto  tw  i  external  and  one 
internal  {central  ont)  fo  that  tie  kjcr  is  now  formed  of  four  internal  celK 
amn|,ed  in  i  cross  and  of  eight  external  cells  Further  dmsions  mav  then 
follow  the  central  cells  of  the  la)er  grow  more  qmcUi  in  an  ■txial  direction 
and  maj  become  div  ded  by  trans\erse  septi  bj  which  the  layer  is  made  to 
cons  St  of  t«o  or  more  stnta  in  the  m  ddle  The  formation  ol  a  lajer  of  the 
root  cap  ]s  generally  followed  b)  that  of  three  root  segments  before  a  fur  her 
ne  V  lajer  is  forme  1  these  segments  corresponding  to  the  faces  of  the  three 
si  led  apical  cell  he  m  three  s  raight  lon^itudnal  rows  Each  of  these  tn 
angular  tabular  segments  includes  a  third  of  the  circumference  of  the  root  and 
is  first  dmded  b^  a  rid  al  longitud  nal  wall  into  two  unequal  portions  The  tnns 
■verse  section  of  the  root  now  shows  &i\  cells  three  of  wh  ch  meet  in  the  centre 
while  the  other  tl  ree  do  not  reach  qu  te  so  f  r  Each  of  thes  s  \  cells  is  then 
divided  b)  a  tangential  wall  (pirallel  to  the  surface)  into  in  inner  and  an  outer 
cell  the  mner  ones  form  the  hbro  vascular  bundle  while  the  six  outer  cells  form 
the  rudiment  of  the  cortev  If  the  root  becomes  thi  k  the  si\  cort  cal  cells 
divide  by  radial  walls  if  it  remans  slender  this  di\  sion  does  not  tike  place 
The  s  X  or  twehe  cortical  cells  are  now  divided  bj  a  tangential  longitudmal  wall 
and  the  fibro  i-iscular  htndle  is  enclosed  bj  two  kjers  of  cells  the  outer  of 
which  forms  the  epidernii  the  inner  the  fundamental  tissue  of  the  cortex  (see 
Book  I  p    1+4) 

The  roots  of  Fern  like  tho  c  of  Equiaetace'e  branch  monopodiallj  and 
the  lateral  roots  arise  on  the  uter  side  of  de  primordial  fibre  \aseufar  bundles 
m  acropetal  succession  usually  m  two  rows  but  occasionallv  m  three  or  four 
The  cells  from  which  the  lateral  roots  spring  belong  to  the  most  nternal  lajer 
of  the  cortieal  p-irenchymi  (bundle  sheath)  and  are  opposite  to  the  xjlem  bundles 
they  are  separated  from  tfe  fibro  vascular  bun  lies  ot  the  parent  roof  bj  the 
pericambium  The  rud  ment  of  the  roots  make  their  appearance  near  to  the 
growmgpont  before  the  vessels  are  formed  Adventitifus  lateral  roots  arising 
behind  those  which  alreadj  exist  do  not  occur  The  three  sided  pjramidal  apical 
cell  is  formei  in  the  mother  cell  of  a  liteial  root  b}  three  oblique  septi  and  then 
the  first  root  cap  is  produced  from  it  If  two  prin  ordial  ijbro  vascular  bundles 
are  developed  in  the  lateral  root    they  lie  nght  and  left  with  reference  to    the 

Silzun^ber    der  Irayr     MisA    der  W  ss    Dec    i?     l86s        Compare  with  what  full    1  the 

d  agram  of  a  loot   g  ven  unJer  the  Equ    e  jce-e    wh  th  set  et.  in    the    ma       alio    for  Fer  i  d 

Rhzocarps  also  p  144  [See  al  0  Conwenti  Bet  z  Kent  dee  Stamm  hel  ts  e  hem  her 
Fame   B  t   Ze  I   iS      ] 
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parent  root.    The  cortex  of  the  parent  root  is  simply  broken  through,  no  root-sheath 
being  formed. 

The  Trichomes  of  Ferns  assume  a  great  variety  of  forms.  True  root-hairs, 
simple  unarticulated  tubes,  arise,  not  only  on  the  roots  themselves,  but  also  on 
underground  stems  and  on  the  bases  of  leaf-stalks  (as  in 
Pieris  aquilitia  and  HymenophyllaceEe).  On  aerial  creeping 
stems  and  on  the  leaf-stalks  the  numerous  usually  brownish 
or  dark-brown  flat  multicellular  hairs,  the  Paha  or  Ramenta, 
occur,  soon  becoming  dry,  often  entirely  enclosing  the  buds, 
and  attaining  a  length  of  from  i  to  6  cm.  {as  in  Poly- 
podium,  Cibotium.,  &c.).  Long  strong  bristles  are  sometimes 
found  on  the  lamina  (in  Acrosiichtim  criniium),  and  very  often 
fine,  delicate,  articulated  hairs.  They  are  formed  from  single 
superficial  cells  at  the  growing-point. 

The  Sporangia  of  Ferns  are  small  rounded  capsules,  which 
are  borne  on  long  stalks  in  the  Potypodiacese  and  CyatheaceK,         fi<^  j^j -umitr-iidi^ 
but  which  are  sessile  in  other  Ferns.     The  wall  of  the  sporan-       ^^fi^,;,^   A,/ti™-.i, 
gium,  when  mature,  consists  of  but  a  single  layer  of  cells.     A       (xjj. 
ring  of  cells  belonging  to  the  wall  of  the  capsule  and  running 
across  it  transversely  or  obliquely  or  lengthwise  is  generally  developed  in  a  peculiar 
manner,  and  ts  then  termed  the  Anmdus.     By  its  contraction  when  dried  up  the 
capsule   bursts  at  right  angles  to  the  plane   of  the  annulus.     Sometimes,  instead 
of  the  annulus,  a  terminal  or  lateral  group  of  the  cells  of  the  wall  of  the  capsule 
is  developed  in  a  similar  manner. 

The  sporangia  are  generally  combined  into  groups,  each  group  being  termed  a 
Sorus;  the  sonis  contains  either  a  small  definite  number  or  a  large  indefinite 
number  of  sporangia,  and  among  them  also  very  commonly  some  slender  articu- 
lated hairs,  the  Paraphyses.  The  whole  sorus  is  very  generally  covered  by  an 
excrescence  of  the  epidermis,  the  true  Indusium' :  in  other  cases  the  indusium 
consists  of  an  outgrowth  of  the  tissue  of  the  leaf  itself,  and  is  then  composed  of 
several  layers,  and  even  has  stomata ;  or  the  covering  of  the  sorus  is  simply  the 
result  of  the  margin  of  the  leaf  being  recurved  or  rolled  over  it:  in  these  cases  the 
indusium  is  said  to  be/alse.  In  Lygodium  each  separate  sporangium  is  covered  by  a 
pocket-shaped  growth  of  the  tissue  of  the  leaf  like  a  bract.  Sori  are  no't  usually 
formed  upon  all  the  leaves  of  the  mature  plant;  sometimes  groups  of  fertile  and 
sterile  leaves  alternate  in  regular  succession,  as  in  Strulhiopieris  germanka.  In  some 
cases  the  sori  are  uniformly  distributed  over  the  whole  of  the  lamina,  in  others  they 
are  connected  with  definite  portions  of  it.  The  fertile  leaves  may  be  in  other 
respects  like  the  sterile  ones,  or  they  may  be  strikingly  different  from  them ;  and 
this  difference  is  not  unfrequently  dccasioned  by  the  partial  or  entire  failure  of  deve- 
lopment of  the  mesophyll  between  and  near  the  fertile  veins ;  the  fertile  leaf,  or  the 
fertile  part  of  the  leaf,  then  appears  like  a  spike  or  panicle  furnished  with  sporangia 
if,  g.  Osmunda,  Aneimia).   The  sporangia  generally  arise  from  the  epidermis  "of  the 

'  [On  the  development  of  the  indxisiom.  see  Ptaiill,  Die  Hjmenophyllaeeen,  1875,  ajvd  die 
SchizEeaceen,  1881 ;  Burck,  Over  de  OQlwikkelingsgescWdenis  van  het  indusium  der  Varens, 
Haarlem  [874.] 
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veins  of  ihe  leaf,  and  especially  on  the  under  side  of  the  lamina  ;  but  in  the  Acro- 
stichaccK  they  spring  both  from  the  veins  and  from  the  mesophyll ;  in  Olfersia  they 
cover  both  surfaces  of  the  leaf  at  the  sides  of  the  mid-rib,  or  in  Acroslichum  only  the 
under-  side.  When,  as  is  usually  the  case,  the  veins  are  the  only  parts  that  bear  the 
sporangia,  the  fertile  veins  may  be  like  the  sterile  ones,  or  they  may  undergo  a  variety 
of  changes  at  the  spots  where  they  bear  the  sori ;  they  may  be  swollen  into  a  cushion 
(forming  a  placenta),  or  they  may  project  beyond  the  margin  of  the  leaf,  as  in  the 
liymenophyllaceEe.  The  sorus  may  be  seated  on  the  end  of  a  vein,  which  then 
frequently  puts  out  two  branches  in  the  angle  of  which  is  placed  the  sorus,  or  it  may 
be  formed  upon  the  vein  and  behind  its  end ;  or  the  sorus  may  run  for  a  consider- 
able distance  by  the  side  of  the  vein.  Sometimes  the  fertile  veins  run  close  to  the 
margin  of  the  leaf,  in  other  cases  close  to  the  mid-rib  of  the  lamina. 

The  Development  of  the  Sporangium'^  is  accurately  known  only  in  the  Po!y- 
podiacese  ;  it  arises  there  from  a  papillose  outgrowih  of  one  of  ihe  epidermal  cells 


from  which  the  sorus  originates.  Reess  has  shown  that  before  the  formation  of 
the  sporangium  the  epidermal  cell  concerned  has  been  already  divided  cross-wise ; 
the  papilla  is  cut  off  by  a  septnm,  another  septum  arising,  after  further  elongation, 
in  the  mother-cell  of  the  sporangium  thus  formed  ;  the  lower  cell  forms  the  pedicel, 
the  upper  cell  the  capsule  of  the  sporangium.     The  pedicel  is  usually  transformed, 


'  When  the  first  sporangia  are  ripening,  all  stages  of  development  of  the  younger  ones  may 
be  found  in  Ihe  same  sorus  side  by  side.  [The  following  are  the  more  impjttanl  works  on  the 
subject ;  Reess,  Zur  Entwickelung^eschichte  des  Eolypodiaceen-Sporangiums.  Jahrb.  f.  wiss.  Bot. 
V,  and  Bot.  Zeit.  i86?.— Tachistiakoff,  Die  Sporangien  und  Sporen  der  Polypodiaceeu,  Nuov.  Giom. 
bot.  Ital.  VI.— RuEsow,  Vergl.  Unters.  Petersburg  1872.— Fischer  von  Waldheira,  Ueb.  die  Ent- 
wickeiung  der  Famsporen,  Jahrb.  f.  wiss.  Bot.  IV. — Kny,  Ueb.  Ceratopleris  thaiUlroides,  Bot.  Zeit. 
1874.— Prantl,  Die  Hymenophyllaceen,  1875,  and  Die  Schizseaceen,  i83r.] 
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by  intercalary  iransverse  divisions  and  longitudinal  walls,  into  three  rows  of  cells ; 
the  nearly  hemispherical  mother-cell  of  the  capsule  is  next  transformed,  by  four 
successive  oblique  divisions,  into  fom-  plano-convex  parietal  cells  and  a  tetrahedral 
inner  cell  {archesporium)  ;  in  the  former  further  divisions  foUovi'  perpendicular  to' 
the  surface,  while  the  inner  cell  again  forms 
four  tabular  segments  which  are  parallel  to 
the  outer  parietal  cells  and  which  constitute 
the  tapetum.  These  inner  parietal  cells  also 
divide  perpendicularly  to  the  surface  of  the 
capsule,  and  may  form  two  la3'ers.  The  cells 
of  the  outer  parietal  layer  from'  which  the 
annulus  is.  to  be  formed  are  further  divided 
by  parallel  walls  perpendicular  to  the  surface 
of  the  sporangium  and  to  the  median  line  of 
the  annulus,  until  the  prescribed  number  of 
cells  of  the  annulus  is  reached ;  these  cells 
then  project  above  tiie  surface  of  the  capsule. 
While  the  tetrahedral  central  cell  is  now  pro- 
ducing the  mother-cells  of  the  spores  by  suc- 
cessive bipartitions,  the  cells  of  the  tapetum 
are  absorbed,  and  the  cavity  of  the  sporan- 
gium is  considerably  enlarged  by  this  means 
and  by  the  superficial  growth  of  the  outer 
parietal  layer ;  so  that  the  mass  of  mother- 
cells  (according  to  Russow  there  are  usually 
sixteen)  floats  entirely  free  in  the  fluid  that 
fills  the  sporangium  (Fig.  304). 

But  little  is  known  concerning  the  de- 
velopment of  the  sporangia  in  other  families 
of  Ferns,     According  to  Russow  and  Prantl  F1C305— t>e«i=pmeiiiofihtspo™giiim  or^ntft- 

it  takes  place  in  Alsophila  (Cyatheacefe)  in     the  ickms  »-(,- tn  iihemiMui.- is  ^*n;  ae  other 

'  r  \     /  (  lijures  are  s«n  In  optics' ICDgMudmal  SKIiQn,  and  IKc  in. 

the  same  way  as  in  the  Polypodiacese,  whilst  Buiusispnp«.iiKtiu.riotiicpune=fiiiepaperiK55o]. 
in  Aneimia  and  Mohria  (Schizseaceje),  accord- 
ing to  their  figures  and  descriptions,  each  sporangium  arises,  before  the  differen- 
tiation of  the  epidermis,  from  a  single  cell.  Probably  the  sporangia  of  the 
Osmundaceie  originate  in  the  same  way  as  those  of  the  Schiz£eace:e.  In  both 
families  a  much  larger  number  of  spore- mother- eel  Is  is  formed  in  the  sporangium 
than  is  the  case  in  the  Polyp odiacete,  and  this  fact  also  recalls  the  OphioglosseEB 
and  the  MarattiaceEe. 

Each  spore -mother- cell  is,  in  Aspidium  Filix-mas  (Fig.  306,  /),  provided  with 
an  evident  nucleus;  in  consequence  of  its  division,  two  new  large  clear  nuclei 
arise  (///),  between  which  an  evident  line  of  separation  is  sometimes  to  be  seen. 
After  the  division  of  these  nuclei,  four  new  smaller  nuclei  appear  {IV),  the 
mother-cell  splitting  up  into  four  spore-cells  (F),  the  relative  position  of  which 
varies  (as  is  shown  in  Figs.  VI,  VII,  and  VIIT).  The  spore  now  becomes  clothed 
with  its  cell-wall,  which  is  differentiated  into  an  endospore  consisting  of  cellulose 
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^nd  a  cutculansed  brov^n  exobpore  rurnished  \Mh  nd^e  (/A)  and  clilorophyll 
lb  formed  within  the  "spore 

In  various)  other  Pohpodnce^  according  to  Rissov  the  course  of  the  de- 
velopment of  the  spore*,  is  in  so  far  different  that  the  mother  ceil  as  occurs  also 
in  the  formation  of  the  pollen  m  Phanerogams  divides  into  four  thick-walled 
cells  the  so  called  special  mother  eel!  the  frotoplasm  of  each  of  these  then 
forms  arouni  itself  a  perminent  coat  an1  the  wills  of  the  motl  er  cell  undergo 
absorplon  Sj  ores  of  the  shape  mdicited  m  F  g  306  ire  said  to  be  bilateral 
in  contradistinction  to  those  which  h-\\e  been  f  rmed  from  t  mother-cell  in 
which  the  four  nuclei  were  placed  tetr'thedrallj  and  which  ha\e  therefore  a 
rounded  tetrahedral  form  In  the  H)menophj]lace£e  OsmindiceEe  md  Cyatheaceae 
the  latter  only  occur  in  the  other  families  sometimes  the  one  kind  and  some- 
times the  other 

The  spores  of  manj  P  l}poiiacese  aie  distinguished  by  the  long  period 
during  which  Ihe)  retain  their  power  of  germ  mat  on  and  by  the  slowness  of  this 
proce'is     those  of  H)menophv!licete  often  beoin  to  germ  nate  whle  still  in  the 


(a)  Histology''.  With  reference  to  ihe  Epidermh,  attention  has  been  directed  on  p.  105 
to  the  peculiar  mode  of  development  of  the  stomata  in  many  cases.  It  may  also  be 
mentioned  that  the  epidermal  cells  usually  contain  chlorophyll -granules. 

The  Funiiainental  lissae  of  the  stem  and  of  the  leaf-stalks  consists,  in  some  species 
(as  Folypadium  aareum  and  'vulgaie,  and  Aspidium  Fi/ix-moi),  entirely  of  thin-walled 
pirenchyma,  m  others  (as  Gleicbenia,  species  of  PUris,  and  Tree-ferns),  string-like, 
ribbon-shaped,  or  filiform  portions  ot  the  fundamental  tissue  become  differentiated,  the 
ceils  of  which  undergo  greit  thickening,  and  become  brown-walled,  hard,  and  prosen- 
chymatous,  torming  <iclerenchyma  In  the  stem  of  Pteris  aquilina  (Fig.  J07,  A)  two 
thick  bands  of  sclerenchyma  of  this  description  (pr)  lie  between  the  inner  and  outer 
fibro-(aseular  bundles,  and  fine  threads  of  sclerenchyma  appear  on  the  transverse  section 
of  the  colourless  parenchjma  as  dark  points.  In  other  cases  (as  in  Pofypodii/m  vaccinii- 
fohurn  and  in  Tree-terns),  dark  la\ers  of  sclerenchyma,  the  nature  of  which  was  in 
these  cases  first  correctly  recognised  by  H.  von  Mohl,  form  sheaths  round  the  fibro- 
vascular  bundles,  to  which  the  erect  stem  more  especially  owes  Its  firmness.  The  outer 
layer  of  the  fundamental  tissue  of  thicker  stems  and  leaf-stalks  lying  beneath  the  epi- 
dermis is  often  dart  brown  and  sclerenchj'raatous,  forming  a  hard  firm  sheath,  as  again, 
for  instance,  in  Pteris  aquilina  (Fig.  307,  A,  r)  and  Tree-ferns.  In  order  to  facilitate, 
in  spite  of  this  firm  coat,  the  communication  of  the  outer  air  with  the  inner  parenchyma 

'  [For  further  details  see  <Ie  Bary,  Vergleichende  Anatomie  dej  Phanerogamen  mid  Fame,  1877.] 
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which  is  rich  In  assimiiateil  food -mate  rials,  it  is,  in  Pterh  aqu'dina,  interrupted  along 
two  lateral  lines,  where  the  colourless  parenchyma  rises  to  the  surface.  In  Tree-ferns, 
on  the  other  hand,  according  to  H.  von  Mohl,  depressed  cavities  appear  on  the  enlarged 
base  of  the  rachis  of  the  leaf,  where  the  sclerenehyma  is  replaced  by  a  loose  and  pul- 
verulent tissue. 

It  may  be  mentioned  here  in  addition,  as  an  isolated  histological -peculiarity,  that  in 
^ipidium  Filix-mai,  according  to  Schacht,  roundish  stalked  glands  occur  in  the  funda- 
mental tissue  of  the  stem,  which  I  have  also  noticed  in  the  green  parenchyma  of  ihe 
leaves,  and  on  the  pedicels  of  the  sporangia  of  the  same  Fern  (Fig.  304,  C,  d). 

The  lamina  of  the  leaf  consists  in  HymenophyllaceK  only  of  a  single  layer  of  ceils, 
as  in  Mosses;  in  all  other  Ferns  it  is  formed  of  several  layers.  Between  the  upper  and 
under  epidermis  lies  a  spongy  parenchyma  containing  chlorophyll,  the  mesophyll,  pene- 
trated by  the  iibro-vascular  bundles  which  form  the  venation  of  the  leaf.     The  course 


of  the  veins  is  very  various;  sometimes  they  run  branching  clichotomously  at  acute 
angles,  or  spreading  like  a  fan  upwards  and  sideways,  without  anastomosing  and  without 
forming  a  raid-rib ;  more  often  the  undivided  lamina,  or  a  division  of  the  lobed,  incised, 
or  pinnate  leaf,  is  penetrated  by  a  distinct  median  vein  though  but  slightly  projecting, 
from  which  spring  more  slender  branches,  which  themselves  again  ramify  dichotomously- 
or  apparently  monopodia! ly,  and  run  to  the  margins.  The  finer  veins  frequently  anasto- 
mose lite  those  of  the  leaves  of  most  Dicotyledons,  and  divide  the  surface  mto  areolte 
of  characteristic  appearance. 

The  Fibro-vascular  Bandks  of  Ferns  are  closed,  thej  consist  of  a  miss  of  sylem, 
■completely  enveloped  by  a  layer  of  phloem.  Besides  1  few  narrow  spiral  vessels,  lying 
at  certain  definite  points  in  the  transverse  section,  the  x)lem  consists  of  vessels  with 
bordered  pits  which  usually  resemble  transverse  clefts  (scalanform  vessels),  their  ends 
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beiLij,  mtstlj  oHiqaelj  truncated  or  fusiform  aid  pontel  betivcen  the  vessels  lie 
narrow  thii  nailed  cells  which  contain  starch  in  wintei  The  phloem,  in  addition  to 
cells  similar  to  thoie  last  named  contains  wide  sieve  tubes  or  latticed  cells,  and  at  the 
circumference  narrow  bast  like  thick  walled  fibres  The  whole  bundle  is  usually  en- 
closed b\  a  d  atinct  sheath  ot  narrower  cells  (viscuhr  bundle  sheath) ;  the  latter  often, 
but  not  always  is  invested  by  a  lajei  d  brown  ticlerenchymatous  cells,  the  walls  of 
which  are  very  mien  thickened  ether,  as  in  Platycermm  on  that  side  which  Is  next 
the  biindle,  or,  as  in  Blechnim  brasihense  On  that  Side  which  is  most  distant  from  It, 
This  Ia)er  is  easily  mistaken  tor  the  bundle  sheath  itstlf  A  single  layer  or  several 
lajers  ot  cells  may  often  be  found  <it  the  peuphery  d  the  phloem  lying  just  inside  the 
true  bundle  sheath  Russow  regards  this  structure  as  belonging  like  the  bundle-sheath, 
to  the  ground  tissue  and  he  terms  it  the  phloem  sheath  Such  a  phloem-sheath  is  repre- 
sented in  \  ig   joS  as  a  layer  of  cells  contaming  starch  l)ing  bttween  ig  and  b. 

The  fibro-vascular  bundles  are  single  and  axial  in  lery  slender  filiform  stetiis,  as  in 
those  of  HymenophyllacesE,  and  in  the  young  plants  of  larger  species.  When  the  stems 
of  the  latter  become  thicker  with  increase  of  growth,  a  network  of  anastomosing  bundles 
is  formed  in  place  of  the  axial  bundle,  presenting,  in  typical  cases,  a  wide-meshed  hollow 
cylinder,  by  which  the  fundamental  tissue  of  the  stem  is  separated  into  an  outer  cortical 
layer  and  an  inner  medullary  portion  (Fig.  joj,  A  and  B).  Not  unfrequently,  however, 
isolated  bundles  also  arise  in  addition ;  thus  in  PierU  aquiima  two  strong  broad  cauline 
bundles  are  formed  within  the  medullary  portion  (Fig.  502,  A,  ig),  and  in  Tree-ferns 
a  number  of  filiform  bundles  are  scattered  through  it  which  enter  into  the  leaf-stalk 
through  the  meshes  of  the  primary  bundle.  The  primary  bundles  which  form  the  cylin- 
drical network  already  mentioned  are  mostly  ribbon-shaped,  broad,  and,  in  the  case  of 
Tree-ferns,  commonly  have  their  margins  curved  outwards,  so  that  they  with  their 
thick,  firm,  brown  sheaths  of  sclerenchyma  occupy  most  of  the  circumference  of  the 
stem.  From  these  margins  spring  the  more  slender  filiform  bundles  which  enter  the 
leaf-stalk,  and  are  more  numerous  in  proportion  to  its  thickness.  These  may  also 
coalesce  laterally  into  plates  of  different  forms,  or  may  run  separately  side  hy  side.  The 
leaf-stalk  always  corresponds  to  an  opening  of  the  meshes  of  the  cylinder  of  the  primary 
bundle.  The  thick  bundles  which  run  through  the  stem  appear  to  be  all  cauline.  Hof- 
ineister  found  in  Ptiris  aquiima^  that  they  exhibit  the  same  distribution  on  the  leafless 
elongated  ends  of  the  stem  as  on  its  leafy  parts,  a  proof  that  the  distribution  does  not 
depend  on  the  leaves,  as  in  PbanerOBams.  The  end  of  the  bundle  may  even  be  followed 
up  to  near  the  apical  cell  of  the  stem,  in  places  where  the  nearest  leaf-stalks  have  not 
yet  begun  to  form  bundles. 

(b)  laxoriBmy.     The  Ferns  may  be  classified  as  follows ; — 
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surface  of  the  leaf  near  the  margin  which  is  incurved  over  ■ 
the  sporangia  are  arranged  in  spikes  or  p.inicles.    In  Sc/jtzaa 
are  arranged  in  two  rows  upon  the  under  surface  of  a  very  m     h 
each  sporangium  of  Lygodium  being  invested  by  a  sac-like      d        m 
two  lowest  branches  of  the  lamina  have  no  mcsophyll,  and  fo         t  Ik   i 

'  I  found  a  stem  of  Pleris  aqullina  in  which   (he   two  interna!  c     1        b     d 
laterally  so  as  to  form  a  hollow  cylinder  enclosing  one  part  of  ihe  pa       1 
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ultimate  branches  of  which  the  sporangia  are  developed  as  if  they  were  metamorphosed 
laciniK.  The  ovoid  or  pear-shaped  sporangia  are  sessile,  the  apex  of  each  being  occu- 
pied by  a  cap-like  zone  of  peculiarly-formed  cells.  The  dehiscence  is  longitudinal.  The 
stem  (also  in  Lygediam)  does  not  branch  much,  and  is  but  feebly  developed,  A  single 
fibro- vascular  bundle  traverses  the  petiole.     The  leaves  of  Lygodmm  resemble  twining 
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ended  their  growth  while  the  leaves  belong  n^  to  then  a  e  still  very  small ;  and  these 
apparently  (or  actually?)  leafless  shoots  often  b  an  h  fu  ther  to  a  great  extent.  The 
formation  of  the  tissue  of  these  families  sho  I  o  manj  p  culiarities,  concerning  which 
reference  must  be  made  to  Mettenius  (HymenopbyllaceiE,  I.e.),  The  fertile  end  of  the 
veins  of  the  leaf  projecting  beyond  its  margin,  the  columella,  elongates  by  intercalary 
growth,  and  the  newly-formed  sporangia  are,  in  a  corresponding  manner,  produced  in 
basipetal  succession.  They  are  arranged  in  a  spiral  line  on  the  columella.  The  almost 
sessile  sporangia  are  biconvex,  and  are  attached  to  the  columella  by  one  of  their  convex 
■surfaces.  The  annulus  projecting  in  the  form  of  a  cushion  which  separates  the  two 
convexities  is  usually  oblique,  and  divides  the  circumference  into  two  unequal  portions. 
In  Loxsama  the  sporangia  are  pear-shaped  and  distinctly  stalked.  Paraphyses  occur  only 
in  a  few  species  of  Hyntenophyllum. 

Family  5.  Cy^theaceie.  The  sporangia  are  shortljr  stalked  and  have  a  complete, 
oblique,  eccentric  annulus.  They  are  borne  upon  a  strongly-developed  placenta 
forming  a  closely-packed  sorus,  which  is  either  naked  or  invested  by  an  mdusium,  which 
may  be  cup-shaped  or  completely  encloses  it.  The  genera  Cibotium,  Balantium,  Ahophila, 
Hemitelia,  and  Cyathea  include  the  so-called  Tree-ferns,  with  a  lofty,  erect,  unbranched 
stem,  often  thickly  covered  with  roots,  bearing  at  its  apex  a  rosette  of  large  usually 
compoundly  pinnate  leaves. 

Family  6.  Polypodiaee».  The  sporangia  are  borne  in  great  number"!  on  the  under 
surface  of  usually  unmodified  leaves.  They  have  a  vertical  incomplete  ring,  ind  the) 
dehisce  transversely.  The  following  subdivisions  of  this  family,  which  contains  the  largest 
number  of  species  of  any,  may  be  distinguished ; — 

(a)  jicrojtichex.  The  sori  cover  the  surface  and  veins  of  the  under  side  or  of  both 
sides,  or  are  placed  upon  a  thickened  placenta  which  stands  on  the  vein.  There  is 
DO  indusium.     [AcrastUbum,  Polybotrya.) 

(b)  Polypodies.  The  sori  are  rounded  or  linear,  and  terminal  or  lateral  on  the  veins. 
They  are  naked.  The  leal-stalk  is  either  articulated  to  the  stem  (Pofypodium'),  or  is  not 
{Phtgopterii.) 


'  LPiiuitl,  Die  Ilymenophyllaceen,  1875.] 
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(c)  Asphniesi.  The  sori  are  unilateral  on  the  course  of  the  veins,  and  are  covered 
by  a  lateral  indusium,  or  rarely  without  any;  or  they  extend  at  their  apex  over  the 
back  of  the  veins,  and  are  covered  by  an  indusium  springing  from  it ;  or  they  occupy 
special  anastomosing  branches  of  the  veins,  and  are  unilateral  and  covered  by  an  indusium 
free  on  the  side  of  the  vein.     {AipUnium,  Scohpendrium.) 

(A)  jlipidiem.  The  sori  are  dorsal  on  the  veins,  covered  with  an  indusium,  or  ter- 
minal and  without  indusium.     (Aspidium.) 

(e)  Davatliese.  The  sori  are  terminal  on  a  vein  or  at  a  fork,  and  are  furnished  with 
an  indusium ;  or  are  placed  on  an  intramarginal  anastomosing  bend  of  the  veins,  and 
covered  with  a  cup-shaped  indusium,  free  at  the  outer  margin.     (Da'vallio,  Nepbroiepis.) 

(Q  PUrldes.  The  sori  are  continuous  along  the  margin  of  the  leaf,  and  are  covered 
by  a  false  indusium.     (Pteris,  Adiantum,  Blecbnum.) 

Order  III.     Rhizocaepe*'. 

The  Sexual  Generation  (OopViore)  of  Rhizocarps  is  developed  from  spores 
of  two  different  kinds;  the  smaller  spores  {microspores)  produce  antherozoids, 
and  are  therefore  male ;  the  larger  spores  {macrospores),  which  exceed  the  smaller 
kind  several  hundred  times  in  size,  produce  a  small  prolhallium,  which  never 
separates  from  them,  and  forms  one  or  several  archegonia;  the  macrospores  may 
therefore  be  considered  to  be  female. 

The  development  of  the  antherozoids  is  preceded  by  the  formation  of  a  very 
rudimentary  Male  Proihallinm.  In  the  genus  Salvinia  the  microspores  lie  imbedded 
in  a  mass  of  granular  hardened  mucilage  (as  they  do  also  in  Asolla,  in  which  plant 
their  germination  is  not  known),  which  fills  up  the  whole  of  the  micro  sporangium ; 
they  do  not  escape,  but  the  endospore  of  each  of  them  grows  out  into  a  tube 
which  pierces  the  mucilage  and  the  wall  of  the  sporangium  and  forms  a  septum  at 
its  curved  end  (Fig.  309,^  and  .ff).  The  terminal  eel!  of  the  tube  thus  produced 
is  again  divided  by  an  oblique  wall,  after  which  the  protoplasm  contracts  in  the  two 
cells  (which  Pringsheim  together  calls  the  antheridium),  and  splits  up  by  repeated 
bipartition  into  four  roundish  primordial  cells,  each  of  which  forms  an  antherozoid. 
In  addition  a  small  portion  of  the  contents  remains  inactive  in  each  of  the  two 
cells.  The  antheridial  cells  burst  by  transverse  slits  to  allow  the  escape  of  the 
antherozoids.     The  spirally- coiled  antherozoid  is  still  enclosed  for  a  time  in  its 

■  G.  W.  Bischoff,  Die  Khizocarpeen  u.  Lycopodiaceen  (NUmbei^  l8i8).~Horraeister,Vei^leidi, 
Untersucli.  1851,  p.  103.— [On  the  Germination.  Development,  and  Fructification  of  the  Higher 
Cryptogams.  Ray  Soc.  1862,  pp.  318-335.]— Ditto,  Ueber  die  Keimung  der  Salvinia  natans  (Abhand. 
der  kbnigl.  Sachs.  Gesellsch.  der  Wissensch.  185J,  p.  665). — Pringsheim,  Zur  Morphologie  der  SnU 
vinia  nalans  (Jahrb.  fiir  wissensch.  Bot.  vol.  111.  1863),— J.  Hansteiu,  Ueber  ejne  neuhoUandiiche 
Marsilia  (Monatsber,  der  Berliner  Akad.  1863.  Ann.  des  Sci,  Nat.  4th  series,  vol,  XX.  1863,  pp.  149- 
166).— Ditto,  Befruchtung  a.  Entwickelung  der  Gattung  itfora/ia  (Jahrb.  fiir  wissensch.  Bot.  vol.  IV, 
1865).— Ditto,  Pilularine  globulifera  generatio.  Cum  Marsilia  comparata  (Bonn  1866).— Nageli  u. 
Leitgebs  Ueber  Entstehung  u.  Wachsthum  der  Wnrzeln  bei  den  Gefasskryptogamen  (Berichte  der 
bayer.  Akad.  der  Wissensch.  1S66,  Dec.  15,  and  Nageli's  Beitia^e  zur  wissensch.  Bot.  vol,  IV.  1867). 
— Millardet,  Le  Ptothallium  male  des  Cryptogames  vasculaires  (Strasbourg  1869). — A.  Btaun, 
Ueber  Mardtia  a.  Pilularia  (Monalsber.  der  konigl.  Akad.  der  Wissensch.  Berlin,  Aug.  1870).— 
E.  Rassow,  Histologie  u.  Entwickelung  der  Sporenfracht  von  MarsiUa  (Dorpat  1871). — Strasbuiger, 
Ueber  jIzoWo  (Jena  1873), — Juranyi,  tj bet  die  Entwickelung  der  Sporangien  und  Sporen  von  Salvinia 
naram  (Berlin  1873).— [Arcangeli,  Sulla  Fihlaria  g!oh«l,fira  e  sulla  Salvmia  «alam;  Nuov.  GJom. 
Bot.  Hal.  1876.] 
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mother-cell  {Fig.  309,  D).  In  Marsilia  and  Pilularia  the  antherozoids  are  pro- 
duced in  much  the  same  manner;  the  protoplasmic  contents  of  the  microspore 
divide  into  three. cells:  when  the  exospore  bursts,  the  endospore  protrudes  containing 
these  three  cells,  of  which  one  is  sterile  (rudimentary  prothiUmm)  and  the  oth^r 
two  produce  antherozoids:  within  each  of  these  two  cells  diMsion  take  j.lace  so 
that  a  number  of  tetrahed rally- arranged  primordial  cells  are  formed  which  become 
surrounded  with  thin  cell-walls,  and  are  the  mother-cells  of  the  antherozoids  As 
in  Ferns,  we  find  also  in  Rhizocarps  only  a  portion  of  the  contents  of  the 
mother-cell  applied  to  the  formation  of  the  antherozoid.     Accordmg  to  MiUardet, 


this  portion  assumes  the  form  of  a  roundish  turbid  mass  consisting  of  protoplasm 
and  starch-granules,  which,  during  the  formation  of  the  antherozoids,  becomes 
gradually  clearer,  and,  when  the  latter  escape  from  the  mother-cell,  forms  a 
vesicle  consisting  of  the  unused  protoplasm  and  the  starch-granules  lying  in  it.  In 
Pilularia,  where  the  antherozoid  is  a  thread  coiled  four  or  five  times,  this  vesicle 
remmns  attached  to  the  mother-cell.  In  Marsilia,  on  the  contrary,  it  adheres  to 
the  posterior  coils  of  the  corkscrew-like  antherozoid,  which  is  coiled  iz  or  13  times; 
and  is  often  carried  about  with  it  for  a  considerable  time  by  its  swarming  motion, 
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but  final])'  becomes  detacbcd.  When  the  antherozoids  are  formed  in  their  mother- 
cells,  the  exospore  bursts  at  the  apex,  the  endospore  swells  up  as  a  hyaline  bladder, 
which  finally  bursts  and  alio   s  tl  e  e    ape  of  the  antherozoids  {Fig   310^) 

The  Femak  Prolhallm  fo  n  d  h  n  h  ap  at  p  p  11  of  1  n  ac  ospo  e 
from  a  small  part  of  its  p  o  opl  n  and  only  pa  all)  m  es  a  a  la  e  p  nod 
from  the  spore-cavity,  bu     e    a  ns  un     d  w  h    he  la  los  ng        bj      3  ba    I 

surface,  for  the  purpose  of  us  g  up  he  food  ma  al  {  a  h  g  a  ns  fa  y  o  1 
and  albuminous  substances)  whhaesoluph  Tlespa      sagsn 

the  first  fonnation  of  the  p  o  h  11  um  a  ill  n  many  sp  s  no  a  bu  s 
certain  that  it  arises  from  a  1  o  of  p  o  01 1  m  n  h  a  )  of  he  p  1  a 
this  protoplasm  immedia  !j  b  aks  up  no  ealels  llaodn  o 
Hanstein  in  Marsiiia  and  P  Ma    a      nd  a        6    g  o  Ju  any    n  Sal  b    on  e 

clothed  only  at  a  later  per  od       h     ell     a  d    h       fo  n    a        ue      Tl  e  fu  he 


processes  seem  to  me,  according  to  the  statements  of  Pringsheim,  Hanstein,  and 
Hofmeister,  compared  with  my  own  observations  on  Marsiiia  Salvatrix,  to  be 
briefly  these  :— the  tissue  of  the  prothallium  is  for  a  certain  time  completely  enclosed 
in  the  apical  papilla  of  the  macrospore,  covered  above  by  the  epidermal  layers 
of  the  apex  of  the  spore  itself,  and  shut  off  from  the  spore-cavity  below  by  a 
wall  of  cellulose  which  is  stretched  across  like  a  diaphragm  and  is  attached  at 
the  circumference  to  the  endospore.  By  the  further  growth  of  the  prothallium 
the  epidermal  layers  of  the  papilla  are  ruptured  above,  the  dorsal  part  of  the 
prothallium  projects  into  the  funnel-shaped  cavity  which  is  left  by  the  absence 
of  the   thick   episporial   layer   of  the   macrospore;    subsequently    the    diaphragm 


cangeli  i}o:. 


ii.)  Ihe  ptothallium  is  formed  in  Pihdaria  by  ciill-div] 
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arches  convexly,  and  the  prothallium  is  thus  pushed  further  outwards.  This 
is  the  present  stale  oF  our  knowledge  with  respect  to  the  position  of  the  prothallium 
in  the  macrospore.     (Compare  the  explanations  of  the  figures  further  on,) 

The  prothallium  of  Sahinia  nalans  attains  a  much  more  considerable  size  than 
that  of  the  two  other  genera  already  mentioned ;  it  contains  abundance  of  chlo- 
rophyll, and  forms  a  number  (which  may  even  be  large)  of  archegonia  in  definite 
positions.  After  it  has  broken  through  the  membrane  of  the  papilla,  it  appears, 
■  seen  from  above,  as  three-sided  between  the  three  torn  lobes  of  the  epispore ; 
one  of  these  sides  is  anterior ;  the  two  posterior  sides  meet  behind  at  an  acute 
angle ;  a  line  from  this  angle  to  the  centre  of  the  anterior  side  runs  above  the 
elevated  saddle-shaped  back  of  the  prothallium,  and  forms  its  median  line.  The 
anterior   side   projects    above   the  back,    and,    where   it    meets  the  two    posterior 


sides,  the  two  angles  grow  subsequently  into  long  wing -like  prolongations 
hanging  down  by  the  sides  of  the  macrospore.  The  first  archegonium  makes 
its  appearance  on  the  median  line  of  the  elevated  back  immediately  behind  the 
growing  anterior  side  of  the  prothallium ;  two  other  archegonia  then  invariably 
appear  right  and  left  of  the  first,  so  that  they  stand  in  a  transverse  row  parallel 
to  the  anterior  side-  If  one  of  these  archegonia  is  fertilised  there  is  an  end  of 
the  growth  of  the  prothallium;  but  if  this  does  not  happen,  the  prothallium  continues 
to  grow  on  it3  anterior  side,  and  from  i  to  3  new  transverse  rows  of  archegonia 
are  produced,  each  of  which  contains  from  3  to  7.  The  long  oosphere  of  each 
archegonium  lies  obliquely  in  the  tissue  of  the  prothallium,  so  that  the  outer  (neck) 
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end  is  directed  backwards,  its  inner  deeper  end  facing  the  anterior  margin.  At  this 
latter  point  lies  at  a  subsequent  period  the  apical  cell  of  the  embryonal  stem.  Young 
archegonia  have  the  apex  of  their  central  eel!  covered  with  four  superficial  cells 
arranged  in  the  form  of  a  cross  ;  in  each  of  these  latter  a  wall  arises  inclined  from 
without  inwards  and  downwards,  followed  in  each  inner  cell  by  another  similar 
partition  (Fig-  312  /,  a,  b,  c).  By  the  succeeding  growth  these  cells  are  transformed 
into  four  rows,  each  consisting  of  three  segments  lying  one  above  another,  forming 
the  neck  (//,  ///),  the  lower  of  which  are  termed  '  closing  cells,'  the  upper  pair 
the  'stigmatic  cells'  (///,  h).  In  the  meantime  a  new  cell  arises  at  the  apex  of 
the  central  cell,  which,  with  its  conical  point,  forces  itself  between  the  closing 
cells  (/,  d,  in,  d),  and  forms  the  canal-cell,  first  discovered  by  Pringsheim;  ac- 
cording to  Janczewski  a  small  segment  is  cut  off  from  the  upper  part  of  the 
central  cell  to  form  the  ventral  canal-cell,  so  that  here,  as  in  the  other  Vascular 
Cryptogams,  two  canal-cells  are  developed.    The  two  canal-cells  become  transformed 


into  mticilage,  which  escapes  from  the  canal  laid  open  by  the  throwing  off  of  the 
stigmatic  cells.  The  large  remainder  of  the  central  cell  {/,  //,  ///,  e)  becomes 
the  oosphere.  After  fertilisation  has  been  accomplished,  the  canal  again  closes 
by  the  lateral  approximation  of  the  '  closing  cells.' 

The  prothallium  of  Marsilia  and  Pilularia  projects  as  a  hemispherical  mass  of 
tissue  from  the  apical  papilla  of  the  macrospore,  after  it  has  ruptured  the  walls 
of  the  spore  at  that  place  (Fig.  314,  A.  B\  and  remains  buried  al  the  bottom 
of  the  funnel  formed  by  the  epispore  of  the  macrospore.  Even  at  an  early  period, 
before  the  rupture,  Hanstein  asserts  that  the  large  central  eel!  may  be  recognised  in 
it,  surrounded,  in  its  entire  circumference,  at  least  at  first,  by  a  single  layer  of  cells, 
so  that  the  prothallium  bears  originally  only  a  single  archegonium.  The  central 
cell  is  here  also  covered  by  four  cells  arranged  crosswise,  which  form  at  the  same 
time  the  apes  of  the  whole  prothallium.     By  a  similar  process  to  that  which  occurs 
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in  Salvinia,  ihey  form  the  free  neck-portion  {which  in  Marsilia  projects  only 
slightly,  in  Pilularia  very  much)  and  the  '  closing  cells'  of  the  archegonium.  Above 
the  central  cell,  the  protoplasm  of  which  contracts,  a  small  canal-cell  is  visible, 
according  to  Hanstein,  penetrating  between  the  '  closing  cells,'  and  behaving  as 
in  Salvinia.  Hanstein  was  unable  to  recognise  any  further  cell -formation  within 
the  central  cell,  and  he  concluded  that  the  whole  of  its  protoplasmic  body  was 
converted  into  the  oosphere ;  Janczewski,  however,  found  here  also  ihe  ventral 
canal-cell  which  occurs  in  other  Vascular  Cryp- 
togams, as  a  small  mass  of  protoplasm  cut  off 
from  the  central  cell.  After  fertilisation  the 
layer  of  tissue  of  the  prothallium  surrounding 
the  central  cell  becomes  double ;  a  few  chloro- 
phyll granules  arise  in  it,  and  the  outer  cells 
grow  in  Marsilia  Salvalrix  {Fig.  313)  into  long 
root  hairs  which  are  espenallj  luxuriant  when 
no  fertilisation  takes  place  In  the  case  of 
Mirsilii  SjI  alrix  the  antherozoids  collect  m 
large  numbers  at  the  time  of  impregnation  m 
the  funnel  above  the  prothilhum  an  "I  force 
themselves  into  the  neck  of  the  archegjnium 
Dn  dopment  of  Ihe  A  ka  ual  Generation 
The  first  processes  of  division  bj  which  m 
Sahtma  the  oospore  is  transformed  after  fer 
tlis'ition  into  the  embrjo  ha\e  been  most  ac 
curatelj  described  by  Pnngsheim  1  he  first 
division  IS  effected  by  a  wall  (basil  will)  wlich 
eparates  the  posterior  {hvpobasal)  half  of  the 
oo'fore  above  whch  is  the  mouth  of  the 
archei,on  um  from  the  anter  or  {epibasal)  hilf 
which  IS  usuallj  larger  this  wall  is  nearly  per 
pendicclar  to  the  median  line  of  the  prothallium 
The  two  cells  are  nest  divided  by  walls  (trans  nc,  jis-LonsUudi 

verse)  nearly  at   right    ingles   to  the    previous     |^i^"lta):^n!Si 
one      If  the  angle  enclosed  bj  these  two  wills     Mmpgre'c^a^it^  oT 
is  bisected  by  a  straight  line  (Fig  31^  A      d)      ""  »^  "'•c*-^*"  ■ 
,  this  line  represents  the  axis  of  growth     f    h 
=item      This  is  followed  by  walls  {medi  ™        h^™ 

nght  angles  to  the  Vfio  former   and  th       h 
embr)o  comes  to  consist  of  eight  cells  o 
of  a  sphere      Of  the  four  epibasU  octan      th  PF      g 

(cotyledon)  which   on  account  of  its  pecul      f  rm       k  I 

one  of  the  two  Icner  gives  rise  to  hiirs  a  d  h       1  If 

which  now  lies  m  front    ind  below  {A      )  hi  11 

intlneJ  alternately  upwards  and  downw     d         d  b      h     m 
segments  are  formed  out  of  which  the  str      ur      f    h         m     f^ 
dcvckped      In  Fig  313  B  are  shown,  a    ///  1}     I      nd  T/ 


f  m  1 


f   m  d 
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undergoing  still  further  division.  The  four  hypobasal  oclanls  give  rise  to  the  foot. 
Thus  no  root  is  developed  at  this  period,  nor  is  one  developed  subsequenily ; 
Salvinia  is  absolutely  rootless.  In  order  to  understand  the  subsequent  processes 
of  growth,  Fig,  311  must  be  compared  with  Fig.  313.  The  growing  embryo 
bursts  the  prothallium;  from  r  r  r,  in  Fig.  313  B,  arises  the  foot  (caulicle)  of 
the  young  plant  (Fig.  311  a);  from  s,  Fig.  313  £,  is  formed  the  scutiform  leaf 
(Fig.  311  £,  h),  by  the  growth  of  which  the  terminal  bud  of  the  stem  becomes 
directed  downwards  (Fig.  311  A,  v).  The  epibasal  part  of  the  embryo  faces  the 
anterior  side,  its  hypobasal  part  the  posterior  side  of  the  prothallium ;  its  axis  of 
growth  lies  in  the  same  plane  with  the  median  line  of  the  latter. 

The  first  divisions  of  the  embryo  of  Marsilia  Saivatrix  agree  in  all  essential 
pomts,  accordmg  to  Hanslem's  observations  and  m)  own,  with  those  of  Sahima,  and 
Hanstem  states  that  this  is  also  the  case  with  Pilularza,  but  in  both  these  genera  the 
rudiment  of  the  first  root  is  visible  at  in  eirly  period  The  stem  m  these  genera 
also  creep',  or  floats  in  a  horizontal  direction  from  the  first  as  in  Salvim  t,  and 
f^rms  a  number  of  roots  in  acropetal  sucLCssion  Fig  314  shows  the  first  divisions 
of  the  emhrjo  of  Jlarsi/ia  S-il  airix  The  oospore  is  divided  by  a  nearly  vertical 
basal  wall  into  an  anterior  (epibasal)  larger  and  a  posterior  (hjpobasal)  smaller 
cell  these  are  duided,  as  in  Salvinia  and  in  Ferns,  b)  a  transverse  and  bj  a 
median  wall,  so  that  the  erabrjo  consists  of  eight  cells  Of  the  four  epibasal 
octants,  one  of  the  two  upper  ones  becomes  the  apical  cell  of  the  stem,  "shilst 
the  other  gi^es  nse  to  the  second  leaf  (cotjiedon),  from  the  lower  two  the  first 
leaf  (cotyledon)  is  dcicloped.  Of  the  four  hjpobasal  octants,  th^  lower  one,  which 
is  diametrically  opposite  to  the  apical  cell  of  the  stem,  gives  rise  to  the  primary 
root,  the  other  octant  at  the  same  level  becoming  suppressed  :  the  two  upper 
'ones  give  rise  to  the  foot  (Fig,  314  .£",  /).  The  union  between  embryo  and 
prothallium  is  brought  about  by  the  foot.  The  apical  cell  of  the  stem.  Fig.  314 
£,  s,  thus  lies,  after  the  formation  of  the  first  three  walls,  between  the  anterior 
margins  of  the  first  leaf  and  of  the  foot.  In  the  stage  represented  in  Fig.  315 
this  origin  of  the  first  leaf,  first  root,  and  fool,  may  still  be  recognised  from  the 
arrangement  of  the  cells. 

The  further  growih  of  the  three  genera,  otherwise  very  different  in  their  habit, 
to  which  we  must  add  Asolla,  although  its  development  has  not  yet  been  investigated, 
agrees  in  maintaining  the  bilateral  structure  already  manifested  in  the  embryo  in 
connection  with  the  decidedly  horizontal  growth,  although,  as  we  shall  see,  the 
position  of  the  apical  cell  and  of  its  segments  varies.  In  contrast  with  Muscinese 
and  Equisetacete,  but  in  accordance  with  Ferns,  a  leaf  is  not  produced  in  the  Rhizo- 
carpese  from  every  segment  of  the  stem  ;  certain  of  the  segments  remain  sterile,  and 
these  then  go  lo  the  formation  of  internodes.  The  leaves  grow,  as  in  Ferns  and 
Ophioglossacese,  basifugally  by  means  of  an  apical  cell  which  forms  two  rows  of 
alternating  segments.  Before  the  development  has  assumed  a  constant  course,  an 
increase  of  vigour  of  the  young  plant  takes  place,  which  is  shown  in  the  enlarge- 
ment of  the  leaves  and  the  greater  perfection  of  their  forms,  as  well  as  in  a  change 
of  their  relative  positions.  But  in  order  to  make  this  clear,  it  is  necessary  to 
observe  separately  Salvinia  on  [he  one  hand,  and  the  Marsiliacefe  {Marsilia  and 
Pilularza)  on  the  other. 
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The  embryo  of  Sahinia,  as  long  as  it  is  enclosed  in  the  protliallium,  forms,  as 
we  have  seen,  the  segments  of  its  apical  cell  alternately  above  and  below;  but  when 
the  apex  of  the  stem  is  exposed  n  conseqce  ce  of  its  elongation,  a  torsion  takes 
place  to  the  extent  of  about  90°,  so  tl  at  the  vo  rows  of  alternate  segments  of  the 
apical  cell  lie  right  and  left,  a  jecula  y  vl  ch  has  also  been  observed  by  Hof- 
meister  in  Pterts  aquilina.  The  first  leaf  s  he  scutiform  leaf  mentioned  above, 
which  is  placed  medio-dorsally ;  then  follow  a  second  and  third  aerial  leaf  standing 
singly,  after  which  the  definite  ve  t  cillate  arrangement  of  the  leaves  at  length 
commences  at  the  fourth  node ;  each  whorl  thereafter  consists  of  a  submerged  leaf 
springing  on  the  ventral  side  (right  or  left),  which  at  once  branches,  and  forms  a 
tuft  of  long  filaments  hanging  down  into  the  water ;  while  two  other  leaves  have 
quite  flat  laminfe  and  spring  from  the  dorsal  side,  touching 'the  water  only  with  their 
under  surface  (Fig.  319).  These  three-leaved  whorls  alternate,  and  thus  form  two 
rows  of  ventral  submerged,  and  four  rows  of  dorsal  atrial  leaves.     Their  succession 


in  age  in  the  whorl,  and  the  position  of  the  whorls  (antidronial  among  themselves), 
are  indicated  in  Fig.  315  a.  The  node  of  the  stem  which  produces  a  whorl  of 
leaves  is,  as  was  shown  by  Pringsheim,  formed  of  a  transverse  disc  of  the  long 
vegetative  cone,  which  in  its  length  (or  height)  corresponds  to  a  half-segment,  while 
each  internode  corresponds  to  the  whoie  height  of  a  segment.  Each  nodal  disc,  as 
well  as  each  internode,  consists  of  cells  of  the  right  and  left  row  of  segments  of 
different  ages;  in  Fig.  315  a  an  internode  is  formed  of  the  segment  ^on  the  right 
side,  of  the  anterior  half  of  the  older  segment,  G,  and  of  the  posterior  half  of  the 
younger  segment,  J,  on  the  left  side ;  the  next  internode  is  the  product  of  the  whole 
of  the  left  segment,  Z,  and  of  the  two  halves  of  K  and  M  lying  to  the  right;  the 
intermediate  nodal  disc  which  forms  the  leaves  w,  L^,  ij  consists,  on  the  other 
hand,  of  the  anterior  half  of  the  left  older  segment  /  and  of  the  posterior  half  of  the 
right  younger  segment  K;    in  the  preceding  and  succeeding  node  the  relationships 
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are  the  same  rght  and  left  being  transposed  In  each  uhorl  the  "iuLmcrged  leaf 
IS  the  oldest  the  one  further  from  t  of  the  two  ifernl  lea\e'i  the  sti-ond  the  neiier 
atrial  leaf  is  the  last  formed  Eacn  leaf  arises  from  a  cell  of  definite  position 
whith  becomes  arched  outwards  (Fig  316  B,  L^  Zj),  and  becoming  the  apital  cell 
of  the  leaf  forms  a  row  of  segments  on  each  side 

In  the  genus  Asolia,  which  his  been  studied  by  Strasburger,  the  apical  ct!l 
of  the  horizontal  floating  stem  which  cur%es>  upward  ne^r  its  growing  end  gives 
rise  to  a  right  and  to  a  left  row  of  segments  each  of  which  is  divided  by  a  lateral 
longitudinal  «all  into  a  dorsal  and  a  ventral  lialt  Lath  of  these  hahea  is  divided 
bj  a  transverse  w  ill  mto  an  icroscopic  and  a  bisiscopic  portion  and  each  of  these 
four  cells  IS  further  divided  into  two  h\  an  obliqui.  or  a  vertical  longitudinal  wall 
The  stem  then  consi&ts  (disregarding  the  subsequent  divisions)  of  eight  longitudinal 
rows  of  cells  wh  ch  have  been  formed  from  two  rows  of  segments  The  two 
dorsal  rows  remain  sterile  and  farm  neither  leases  nor  buds  The  two  io«s  of 
leases  he  ngl  t    ini   left  on  tht.   dorsil   ispecr    ml   fiom   the  neighbouring  rows 
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thhfrmh  phaSff        fan 
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segments  in  two  rows  are  at  first  formed  from  it  by  walls  inclined  upwards  and 
downwards ;  the  dorsal  median  leaf  also  proceeds  from  the  first  dorsal  segment- 
But  a  different  arrangement  is  soon  produced  as  the  plant  increases  in  strength ; 
the  apical  cell  of  the  stem  forms  segments  arranged  in  three  rows  with  a  ^  diver-, 
gence,  and  in  such  a  manner  that  one  row  of  segments  comes  to  lie  below  (ven- 
trally),  while  the  two  other  rows  form  the  dorsal  side  of  the  stem.  The  ventral  side 
of  the  stem  forms  roots  in  strictly  acropetal  succession,  as  in  Azolla,  the  youngest 
being  fonnd  near  the  apes  of  the  stem.     On  the  dorsal  side  of  the   stem   the 


1  ■              g                           f    h     d  1  n  ining  at 

I         ™  Id             g  f       h     f    m  1  Th    first  leaf 
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h  kdl                 fi                  bfr\dddd  wo   and 

fl  nil  IT                   h  hnfh     first  time 

f  rm  d  h      I  ng       Ik  d  a  q                  1  m           I  h     p                wh  ch  have 

w  b    n  d        bed    i'               agr                  d    g        H  b  ns,  with 
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Marsilia,  except  that  all  the  leaves  remain  destitute  of  a  lamina  (Fig.  318);    they 
are  long,  conical,  filiform,  and  at  first  rolled  up  spirally  forwards. 

The  Branching  of  Rhizocarps  is  similar  to  that  of  Ferns.  Pringsheim  states 
that  in  Sahinia  terminal  branching  never  occurs ;  new  shoots  arise,  on  the  contrary, 
exclusively  from  the  basal  part  of  the  submerged  leaves,  each  leaf  of  this  description 
forming  a  shoot  on  the  side  which  faces  the  nearer  atrial  leaf;  every  branch  pro- 
duces at  once  a  trimerous  whorl  of  leaves.  Strasburger,  however,  considers  it 
possible  that  these  branches  arise,  as  in  Azolla  (see  anle),  from  the  stem  itself 
close  to  the  leaves.  The  branching  of  the  Marsiliacese  has  been  termed  by  Hanstein 
axillary,  a  designation  with  which,  however,  I  am  unable  to  agree.  The  lateral 
shoots  have  altogether  the  appearance  of  springing  from  the  "stem  itself  near  to 
the  leaves,  but  at  a  later  period  they  appear  to  be  lateral  and  not  axillary  to  the 
leaves.  As  to  their  first  origin,  which  has  not  yet  been  accurately  ascertained,  it 
appears  to  be  most  natural  to  refer  to  the  relative  positions  of  these  organs  in 
Azolla,  where  the  lateral  branches  of  the  stem  arise  from  cells  lying  anteriorly  or 
posteriorly  or  even  dorsally  to  the  origins  of  the  leaves. 

The  Growth  of  the  roofs  of  the  MarsiliaceEe  and  their  monopodial  branching 
agree  with  that  of  Ferns  and  Equisetace^  in  all  important  points.  It  has  already 
been  mentioned  that  among  the  Salviniacese,  Salvinia  itself  is  quite  destitute  of 
roots,  and  that  in  Azolla  the  two  ventral  rows  of  cells  of  the  stem  give  rise  to 
roots  by  the  side  of  the  lateral  buds.  The  apical  cell  of  the  stem  of  these  plants 
forms  segments  in  two  rows,  whereas  that  of  the  root  is  a  three-sided  pyramid 
like  that  of  the  MarsiliaceK,  Ferns,  and  Equisetaces.  A  root-sheath  is  formed, 
according  to  Strasburger,  from  the  cells  of  the  stem  which  lie  over  the  endo- 
genous mother-cell  of  the  root  of  Azolia,  which  keeps  pace  with  the  growth  of 
the  root  and  invests  it  during  the  whole  of  its  existence.  It  is  still  more  remarkable 
that  the  root-cap  of  Azolla  is  formed  from  one  single  cell.  From  this  cell  two 
layers  of  cells  are  derived  which  grow  with  the  growth  of  the  root  and  completely 
invest  it  on  all  sides. 

The  Sporocarps,  The  formation  of  the  fructification  shows  even  more  evi- 
dently than  the  structure  of  the  vegetative  organs,  that  the  two  families  of  the 
Rhizocarpese  present  considerable  differences  in  certain  particulars,  which  demand 
separate  consideration,  as  well  as  an  agreement  in  essential  characteristics. 

The  Salviniacea,  including  the  two  genera  Salvinia  and  Azolla,  occupy  with 
respect  to  their  fructification  an  intermediate  position  between  the  Ferns  and  the 
Marsiliaceae.  Their  sporangia  are  enclosed  in  unilocular  capsules,  two  or  more 
of  which  occur  on  the  segments  of  the  leaves  (Fig.  319  j1,  B).  In  Salvinia 
these  capsules  are  borne  on  the  basal  ."{egments  of  the  submerged  leaves ;  in  Azolla 
it  is  the  external,  downwardly  directed  segment  of  the  deeply  bisected  leaf,  and 
moreover  of  the  first  leaf  of  each  branch,  which  bears  them.  The  apex  of  the 
segment  of  the  leaf  which  is  to  form  the  sporocarp  grows  out  into  a  columella 
(placenta)  upon  which  the  sporangia  are  developed,  and  at  the  same  time  an 
annular  wall  arises  round  the  base  of  the  columella,  and  continues  to  grow  until 
it  closes  over  its  apex,  thus  forming  the  wall  of  the  sporocarp  by  which  the  sorus 
is  completely  enclosed.  The  sporocarp  of  the  Salviniacete  closely  resembles  the 
sonis  of  the  HymenophyllaceK,  but  differs  from  it  in  that  the  indusium  of  the 
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latter  is  cup-shaped  and  therefore  open  at  the  apex,  whereas  the  wall  of  the  former 
completely  encloses  the  soms,  as  does  the  indusium  of  Cyathea.  The  sporocarp 
of  the  Salviniacese  is  then  a  soms,  the  term  being  used  in  the  sense  in  which  it  is 
applied  to  the  fructification  of  Ferns,  but  here  the  indusium  is  much  more  fully 
developed,  consisting  of  two  layers  of  cells,  the  walls  of  which,  toward  the  upper 
part  of  the  capsule,  become  lignified  in  Asolla. 

Each  sporocarp  contains  either  microsporangia  or  macrosporangia,  but  both 
kmds  of  sporocarp  occur  in  the  same  plant  and  even   upon  the   same  leaf,  so 


that  the  plant  is  moncecious.  The  microsporangia  are  contained  in  Azolla,  as 
in  Salvinia,  in  large  numbers  within  the  sporocarp;  in  Asolla  only  a  single 
macrosporangium  is  formed  in  a  sporocarp,  whereas  in  Sahinia  several  macro- 
sporangia  are  formed.  All  the  spores  derived  from  the  mother-cells  (i6}  in  a 
microsporangium  reach  maturity,  but  only  one  of  the  (4  x  r6)  spores  of  a  macro- 
sporangium  ever  becomes  ripe,  so  that  in  Azolla,  where  there  is  but  one  macro- 
sporangium  in  a  sporocarp,  a  single  macrospore  is  enclosed  by  the  wall  of  the 
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gne'i  rise  II  fhe  bod)  of  the  sporangium  by  me'ins  ol  divisions  \vh  ch  are  similar  to 
those  occumng  n  the  Pol} podiace-t  (see  Fig  jos)  A  wall  i=i  formed  consisting 
of  a  f.  ngle  lo)er  of  cells  wilhm  which  is  i  single  tetrahedral  cell  the  archespor  um 
From  this  four  flat  stgments  are  cut  off  which  form  a  lajer  of  cells  contiining 
much  protoplasm  surrounding  the  tetrihedril  central  ctll  Tl  e  central  cell  by 
repeated  division  gnc  rise  to  the  sixteen  mother  cells  of  the  ipore  and  meanwhile 
the  lajer  inve&ting  it  has  undergone  division  into  t«o  lajeis  which  together  form  the 
tapeium  Each  of  the  sivleen  mother  cells  of  ihe  spores  then  divides  into  four 
tetrihedrallj  placed  spore  cells  Up  to  this  pomt  the  proc  sses  ire  the  same  in 
both  micro  and  macrosporang  a  In  the  microsporangia  all  the  sixn  four  cells 
develope  thev  become  sepirale  ani  are  scattered  irregularl)  in  the  cav  t}  of  the 
sporangium  The  tipetum  becomes  disorganized  and  forms  a  frothv  mucihge 
which  subsequently  hardens  m  which  the  spores  are  enclosed  In  the  macro 
sporangia  onh  one  of  the  si'it)  four  rudimentarj  spoies  continues  to  develope 
It  becomes  enormous!)  enlarged  so  thit  finall)  it  nearh  till  the  ct\it\  of  the 
sporang  um  A  large  nucleus  hes  at  that  end  of  the  microspore  v\h  ch  is  directed 
lowirds  the  apex  of  the  sporangium  During  the  growth  of  the  macrospore  the 
tapetum  and  subsequently  all  the  other  undeveloped  spores  undergo  disorganisation 
becom  ng  converted  into  a  frothy  plasma  which  is  m  contact  with  the  outer  coat  of 
the  microspore  and  is  especiallj  accumulated  at  its  apex  It  is  this  frothj  plasma 
which  becomes  hardened  and  forms  a  thick  investment  for  the  mature  macrospore, 
termed  the  £pti/ ore  {Fig  311  A)  which  sphts  even  durmg  its  formation  into  three 
lobes  over  the  ape>.  of  the  spore  so  is  to  permit  of  the  subsequent  outgrowth 
of  the  protl  alkum 

Strasburger  had  alreadj  demonstrated  the  existence  of  th  s  hirdened  frothy 
mucilage  in  both  kinds  of  sporangia  of  Acn/ii  but  in  this  plant  it  assumes  1  far 
more  conspicuous  appearance  In  the  microsporangia  the  mucilage  looks  like  a 
large  celled  tissue  ind  forms  fiom  1 10  to  eight  separate  clumps  (jJ/itfw/y)  each  of 
Tihich  encloses  a  number  of  microspores  In  some  pecies  {A  filnuloid  s  Caro 
liniana)  these  massul^  have  their  surfaces  covered  with  hair  like  appendagts, 
barbed  at  their  free  enis  {Glocfitha')  bj  means  of  whieh  they  attach  themselves, 
when  tht)  have  escaped  trom  the  sporangn  to  the  floating  macrospores  The 
macrosporangmm  oi  Aeolla  contains  a  single  spheroidal  macrospore,  which  does  not 
nearly  fill  its  cavity,  the  wholesurfaceof  which  is  completely  covered  with  a  thick  rugose 
lajer  of  this  hardened  frothy  mucilage.    Il  projects  from  ihe  apex  of  the  spore  and  runs 
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out  beyond  it  into  a  pencil  of  delicate  filaments ;  three  (or  three  times  three)  large 
masses  of  it  are  attached  at  this  point.  The  frothy  mucilage  with  its  cavities  full 
of  air  thus  forms  a  float  for  the  macrospore,  and  bears  on  its  surface  the  upper 
part  of  the  ruptured  sporan^um. 

The  sporocarps  of  the  Marsiliacefe  are  much  more  complex  and  more  firmly 
constructed  than  those  of  the  preceding  family.  The  sporocarp  of  Pilularia  is 
a  shortly- stalked  spheroidal  capsule,  standing  apparently  by  the  side  of  a  leaf 
towards  its  ventral  aspect.  Its  morphological  significance  is  not  yet  fully  under- 
stood. The  capsule  has  a  very  thick  hard 
wall,  consisting  of  several  layers  of  cells, 

and  contains,  besides  a  considerable  quan-  ^     ,     , 

tity  of  soft  succulent  parenchyma,  hollow 
chambers  which  extend  from  base  to  apex. 
Pilularia  globuUfora  (Fig.  320)  has  four 
such  chambers,  P.  minula  two,  and  P. 
atnericana  three.  The  external  wall  of 
each  chamber  bears  a  thickening  along  its 
median  line  of  the  inner  surface  throughout 
its  whole  length,  and  in  this  thickening 
runs  a  fibrovascular  bundle.  ,  On  this 
receptacle  (placenta)  the  stalked  sporangia 
are  borne,  forming  a  sorus  which  consists 
at  its  lower  part  mostly  of  macrosporangia,  -^""^ 

at  its  upper  of  microsporangia  Probablj  i/rfw'rt^heiI-'IL™d™e'"«h^'''it^Z^r''i5^^^''a°a™ 
eich  chamber  his  at  an  early  stige  of  "ISwilTw  7^1^^^^'^^,%^^^"' 
de\eIopment  an  aperture  at  its  apex,  but 

It  IS  not  clear  here  an>  more  than  m  Marsilia,  how  far  a  comparison  of  the 
delicate  tissue  which  mvtsts  the  sorus  to  an  mdusium  is  jusufiable,  a  comparison 
which  IS  made  by  minj   botanists 

The  sporocirps  of  the  various  species  of  Maisilia  are  usually  somewhat 
bein^iped  cipfules  with  ler^  hard  walls  borne  on  long  or  short  stalks,  which 
arise  either  upon  the  central  aspect  of  the  pet  oles  of  ordimr)  foliage- leaves  (Fig. 
317)  or  at  their  bases  Their  stalks  maj  be  simple,  beanng  but  one  sporocarp,  or 
forked  beanng  many  sporocarp<;  From  a  petiole  se\er^l  usually  arise  together. 
The  stalk  is  continued  along  the  posterior  edge  of  the  sporocirp  {Fig.  325),  giving 
oft  lateral  branches  nght  and  left  which  dichotomise  and  run  towards  the  ventral 
edae  The  npe  cipsule  is  bilateralh  symmetrical  ind  contains  two  rows  of  chambers 
each  of  which  extends  from  the  lentral  to  the  dorsal  margin  (Fig.  321,  A,  B).  In 
the  very  >oung  fruit  according  to  Russo«  eich  chamber  communicates  with  the 
exterior  by  means  of  a  narrow  canal  opening  on  ihe  ventral  aspect.  A  thickening 
(placenta)  runs  along  the  external  wall  of  each  chamber  bearing  the  macrosporangia 
on  lis  central  ridge  and  the  microsporangia  on  its  flanks  thus  each  chamber 
contains  a  sorus  consisting  of  two  kinds  of  sponngia  When  the  sporocarp  bursts 
it  becomes  evident  (Fig  325)  that  the  soft  interml  tissue  forms,  as  in  Pilularia, 
a  completely  closed  investment  for  each  sorus  When  mature  the  microsporangia 
contain  numerous  (4  x  16)  spores  the  macrosporangia  but  a  single  one. 
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The  development  of  the  sporangium  begins  with  the  out£;rowth  f  one  of  the 
superficial  cells  of  the  placenta  which  heirs  the  aoni  The  subsequent  divisions  -ire 
the  same  as  those  above  described  with  reference  to  Sahinn  10  that  here  also  the 
sporangium  is  soon  elevated  on  a  stalk  and  consists  of  a  uall  of  a  s  nt,le  Ujer 
of  cells  and  of  a  tetrahedral  central  cell  or  irchesponum  (Fil,  322  /  TIT)  From 
this  a  tapetum  is  cut  off  by  four  septa  parallel  to  its  sides  which  as  in  ihe 
Salviniacete  and  in  the  true  Ferns  surrounds  the  cell  from  which  the  spore-*  are 
subsequently  derived  (Fig.  322,  TV  J")  The  stilk  of  the  sporangium  of  the 
M  'li  Ee  'n  acco  dance  with  the  foregoing  description  consists  at  first  of  three 
f  !I  bo  h  TOWS  are  afterwards  multiplied  b>  longitudinal  divisions 
Ah)  g  pi  f  the  sporangium  gridually  increases  m  s  ze  the  cells  of  the 
11  u  d  g  did  on  and  the  cells  of  the  tapetum  both  radial  and  tangential 
Th  ral      II  by     p    ted  bipartition  forms  the  sitteen  mother  cells  of  the  spores. 


J  €1  &C- 


each  of  which  developes  four  tetrahedrally  arranged  spores  in  the  usual  way. 
During  this  process  the  cells  of  the  tapetum  gradually  undergo  disorganisation,  and 
the  cavity  of  the  sporangium  becomes  filled  with  a  granular  plasma  in  which  lie 
the  mother-cells  and  the  tetrads  of  spores  and  from  which  the  remarkable  epispore  is 
Subsequently  formed.  Up  to  this  point  the  course  of  development  in  both  kinds  of 
sporangia  is  the  same,  but  differences  now  become  apparent.  All  the  spores  of  (he 
sixteen  tetrads  formed  in  the  microsporangia  reach  maturity;  each  of  the  four  spores 
within  a  mother-cell  '■  surrounds  itself  with  a  permanent  coat,  and  then  the  wall  of  the 
mother-cell  becomes  absorbed.  In  the  macrosporangia  one  of  the  young  spores  of 
each  of  the  sixteen  tetrads  grows  more  vigorously  than  the  other  three ;  finally  all  the 
tetrads  but  one  cease  to  develope,  and  the   largest  cell  of  this  one — the  future 


'  Russow  raises  the  objection,  ;.  c.  p.  6x,  that  I  make  nc 
describing  the  development  of  the  spores.     His  mistake  finds  its 


of  special  mother-cells 
§  3  of  Book  I. 
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tnacrospore — increases  very  much  in  size  whilst  the  other  three  gradually  shrivel. 
Figures  323  and  324  illustrate  the  development  of  the  macrospore  of  Pitularia 
glohuli/era,  after  drawings  made  by  me  in  1866.  They  show  the  young  macrospore 
in  /,  //,  ///,  still  in  connexion  with  its  three  sister-celis  which  are  invested  by  the 
cell-wai!  of  the  mother-cell  which  has  already  become  mucilaginous  (/).  The  four 
cells  are  attached  to  each  other  by  means  of  rigid  spine-like  projections,  that  of  the 
macrospore  being  the  most  strongly  developed.     At  a  later  period  the  macrospore  is 


of  very  considerable  size;  its  aborted  sister-cells  are  attached  to  it  laterally  (Fig. 
324,  x),  and  its  firm  coat  has  become  brown  and  is  invested  by  a  layer  of  mucilage 
(Fig.  323,  IV,  h)  which  often  appears  to  be  folded.  It  forms  a  papilla  (Fig.  324,  b') 
at  the  apex  which  shrivels  when  the  spore  ripens.  A  layer  of  a  soft  substance, 
presenting  a  distinctly  prismatic  structure,  makes  its  appearance  (Fig.  324,  C)  on  the 
outside  of  the  mucilaginous  layer,  and  becomes  in  its  turn  invested  by  a  third  layer 
which  is  thicker  than  itself  of  a  less  distinctly  organised  structure.  Both  these  layers 
leave  the   apex  of  the  spore  uncovered  and  form  a  funnel  through  which  the 
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antherozoids  penetrate  after  germination  {comp.  Fig.  314).  The  niacrospores  of 
Marsilia  possess  a  similar  episporo,  the  development  of  which  has  been  very  fully  but 
not  very  intelligibly  described  and  figured  bj  Russow  According  to  him  the  muci- 
laginous investment  of  the  abortive  sister  cells  pissei  over  to  the  macrospore  and 
forms  the  first  layer  of  its  epispore  then  a  piotopla';in  c  vesicle  encloses  the  whole 
macrospore,  and  wilhin  this  the  thick  pnemat  c  l3*ers  of  the  epispore  are  developed. 
Russow's  account  confirms  the  \ieu  which  I  had  already  expressed  that  these 
investing  layers  are  deposited  from  withrut  a  new  which  is  rendered  even  more 
probable  by  the  facts  known  concerning  these  proces'ses  in  the  Salviniace^,  but 
it  makes  the  whole  process  somewhat  obscure  and  I  have  no  materia!  at  present  for 
a  fresh  study  of  the  formation  of  the  ep  spore  jn  the  "Marsilnce^. 

The  ejection  of  the  macro-  and  microspores  from  the  very  firm  sporocarps  is 
associated  with  some  remarkable  processes,  for  a  knowledge  of  which  we  are 
indebted  to  Hanstein.     The  ripe  fruits  of  Pilularia  glohulifera  lie  either  in  moist 


earth  or  upon  it  the  wall  splits  at  the  apex  into  four  \ahes  and  a  h^ilme 
viscid  mucilage  evidentl)  deri\ed  from  the  tissue  separat  ng  the  chambers  escipts 
and  forms  a  drop  upon  the  surfaLC  of  the  soil  which  continues  lo  increase  m  size  for 
some  da\s  In  this  mucilage  the  microspores  and  the  macrospores  are  carried  out 
and  thej  germinate  m  it  \Vhen  fertihsation  has  taken  place  the  drop  of  mucilage 
becomes  fluid  and  leaves  the  fcrtihsed  macrospores  on  the  moist  giound  to  which 
the}  are  ^ttached  bv  the  root  hairs  of  their  prothalha  until  the  first  root  of  the 
embrvo  penetrates  it  Fig  325  represents  the  most  important  of  the  corresponding 
processes  ra  the  case  of  Marsiha  Sal  alttx  If  ihe  sporocarp  which  is  as  hard  as 
a  stone  be  slightly  injured  along  its  ventral  margin  and  be  then  placed  in  water  the 
water  gains  access  to  the  interior  and  causes  the  t:s  ue  forming  the  walls  of  the 
chambers  lo  swell  up  and  the  result  is  that  the  testa  splits  along  its  vintral  side  into 
two  \alves  It  is  shown  m  Fig  -^"^^  P  that  a  hiahne  ring  protrudes  which  lav  pre- 
vioush    in    the    m^le  ilong    the   ventnl  elge    and    cariies  with    t  the   chambers 
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containing  the  son  which  iic  less  cipible  ot  swclling-up.  As  the  ring  gradually 
expands  the  attachments  of  the  thambers  to  the  dorsal  margin  of  the  sporocarp 
become  ruptured  and  they  are  dia\^n  completely  out  of  the  testa.  As  a  rule  the 
attachment  of  the  ring  is  bioken  through  at  one  end,  it  then  straightens  itself  and 
bears  the  Lhambers,  «hich  are  still  closed  sacs,  in  two  longitudinal  rows,  there  being 
now  a  considerable  interval  between  each  pair  of  chambers,  whereas  they  were  closely 
packed  together  whilst  still  within  the  testa.  These  processes  are  completed  in  a  few 
hours,  both  kinds  of  spores  are  set  free,  and,  if  the  temperature  be  favourable, 
fertilisation  takes  place  within  from  twelve  to 
eighteen  hours  after  placing  the  sporocarp  in 

(a)  Histology^.  The  development  of  the  tissues 
of  the  Rhizocarps  agrees  in  all  essential  points 
with  that  of  the  true  Ferns.  The  growth  of  the 
stem,  of  the  root,  and  to  a  certain  extent  of  the 
leaves,  by  means  of  an  apical  cell,  is  as  evident 
here  as  in  the  Gharacese  and  Equisetaeefe,  and 
has  been  thoroughly  studied.  The  epidermis 
presents  several  peculiarities,  more  especMlly  is 
to  the  stomata.  ,  The  fundamental  tissue  is  re- 
markable, as  is  usually  the  case  «ith  water  or 
marsh  plants,  for  its  large  intercellular  spaces 
For  information  as  to  the  occurrence  ot  scleren 
chyma  in  the  leaves  and  in  the  test^  the  me 
moirs  of  Braun  and  of  Russow  must  be  consulted 
The  fibro vascular  bundles,  more  especially  those 
of  the  Marsiliace^,  very  closely  rc'Jemble  those 
of  the  true  Ferns  in  their  composition.  There 
is  a  central  xylem  entirely  surrounded  by  phloem, 
and  this  again  is  invested  by  a  single  layer  of 
cells  with  folded  lateral  walls  forming  the  bundle- 
sheath.  A  single  bundle  traverses  stem,  root,  and 
leaf.  In  Mariilia,  the  bundle  branches  in  the  leaf, 
forming  a  dichotomous  venation.  A  transverse 
section  of  the  stem  of  the  Marsiliacese  shows  the 
fibrovascnlar  mass  forming  a  ring  surrounding  a 
central  mass  of  fundamental  tissue.  The  fibro- 
vascnlar mass  consists  evidently  of  several  bundles  _ 

which  have  coalesced  ;   that  this   is   so   is   indicated        putmcnt  nf  sn  anripi  sporocirp  w  *   nspnrangla 

by  the  fact  that  the  phloem  of  its  mner  side  is      iTZL7^t^^^"°'^'^    "'  """"^  ""^'■ 
bounded   by  a   bundle-sheath   lust   as  the   outer 

side  is.     In  Pleris  aquUina  it  often  happens  that  the  two  wide  cauline  bundles  of  the 
stem  unite  laterally  so  as  to  form  a  tube  enclosing  a  medulla 

(b)  Claisjficalhn.     It  :s  alreidy  evident  from  what  h^s  been  already  said    that  the 
RhizocarpeLE  belong  to  two  clearly -defined  families,  ot  which  the  one,  the  SahimacesE 
U  closely  allied  to  the  true  Ferns,  whereas  in  the  other,  the  Marsiliace^,  the  especial 
•   characteristics  of  the  order  find  their  most  complete  evpression 

Family  i.  Salviniaeesa,     Plants  floating  horizontally  on  the  surface  of  water      The 


'  [For  further  deli 
ne,  iSrrJ 


subject  see  De  Bary,  Vcrglekhcnde  Anal. 
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apical  cell  of  the  stem  forms  two  rows  of  segments,  a  right  and  a  left.  Sori  either  male 
or  female :  each  sorus  contained  in  a  unilocular  sporocarp.  Spores  invested  by  hardened 
frothy  mucilage  {Massu!^,  Epispore).  The  prothallium  derived  from  the  macrospore 
is  well  developed  and  bears  several  archegonia.     j4s,olla  has  roots,  Sal-vinia  has  none. 

Family  ;.  Marsiliaeeee.  Plants  creeping  on  moist  earth,  or  floating  to  some  extent 
in  water.  The  three-sided  apical  cell  of  the  stem  forms  two  dorso-lateral  rows,  and 
one  ventral  row  of  segments.  Each  sorus  includes  both  macro-  and  microsporangia, 
and  two  or  niore  sori  are  contained  in  the  multilocular  sporocarp.  The  spores  are  in- 
vested by  hardened  mucilage — epispore — which  presents  a  radially  prismatic  structure, 
and  is  to  some  extent  capable  of  swelling-up.  The  prothallium  of  the  macrospore  bears 
a  single  archegonium.     This  family  includes  the  genera  MarsUia  and  Piluiaria. 


DiCHOTOMK^ ", 


Hitherto  the  Lycopodiese,  Psilotum,  the  Selaginellfe,  the  IsoEtefe,  etc.,  have 
been  included  together  in  the  group  of  the  Lycopodiacese,  and  rightly  so,  for 
these  genera  exhibit  not  only  in  their  habit,  but  also  in  their  morphology,  a  degree  of 
relationship  which  makes  it  impossible  to  separate  any  one  of  them  from  the  others 
with  the  view  of  erecting  it  into  a  new  class  or  of  including  it  in  one  of  the  other 
two  classes  of  Vascular  Cryptogams.  Recent  investigations  have,  however,  sho.wn 
that  this  class  includes  two  well-defined  subdivisions  which  must  be  kept  distinct. 
To  one  of  these  two  orders  belong  the  genus  Lycopodium  and  its  immediate  allies, 
and  it  must  therefore  necessarily  take  the  name  of  LycopodiaceEe ;  consequently 
a  new  name  has  to  be  found  for  the  whole  class,  and  I  select  that  of  Dichotome«, 
because  it  brings  into  prominence  one  of  the  most  obvious  of  the  characteristics 
of  these  plants,  that  the  branching  presents  the  appearance  of  being  the  result  of 
dichotomy,  although,  as  a  matter  of  fact,  the  branching  of  the  stem  is  monopodial. 
It  must  be  remembered,  however,  that  these  two  modes  of  branching  gradually  pass 
one  into  the  other.  These  plants  are  as  remarkable  among  vascular  plants  for  their 
evident  tendency  to  branch  dichotomously  as  are  the  Equisetacese  for  their  whorls  of 
leaves.  That  dichotomy  is  indeed  a  typical  peculiarity  of  these  plants  is  proved  by 
the  fact  that  their  roots  are  the  only  ones  at  present  known  which  branch 
dichotomously. 

The  dichotomous  habit  of  the  branching  is  by  no  means  the  only  characteristic 
common  to  the  members  of  this  class,  as  a  comparison  with  the  Equisetacea;  and 
FilicineEE  at  once  shows.  They  possess  but  little  in  common  with  the  Equisetaceas 
except  perhaps  the  relatively  slight  development  of  the  leaves,  although  that  is 
brought  about  in  this  class  in  a  very  different  way,  for  the  similarity  in  the  mode  of 
development  of  the  sporangia  in  the  two  classes  does  not  merit  consideration  since,- 
as  we  have  seen  in  the  Filicineie,  this  is  a  characteristic  which  is  critical  only  for  the 

'  [iDasmuch  as  dichotomous  branching  is  not  universal  even  among  the  Lycopodiesc,  many 
authors  prefer  to  designate  this  group  of  plants  as  IiycopodluES.] 
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smaller  subdivisions.  It  is  easier  to  find  points  of  connection  between  this  group 
and  the  Filicioefe,  such,  for  instance,  as  the  similarity  in  the  composition  of  the 
fibrovascular  bundles,  and  certain  modifications  of  the  fundamental  tissue  which 
occur  in  the  two  classes,  but  the  external  conformation  is  the  most  important  point 
to  be  considered  as  an  indication  of  relationship.  In  the  Filicinese  the  well-developed 
leaves  form  the  principal  morphological  feature,  whereas  in  the  Dichotome!e  they  are, 
though  numerous,  of  very  simple  structure  and  of  small  size ;  in  the  one  class  the 
external  conformation  depends  upon  the  stem,  in  the  other  upon  the  leaves.  It  is  of 
great  importance  to  note  that  each  leaf,  in  the  Dichotomefe,  produces  a  single 
sporangium,  whereas  each  leaf,  in  the  Equisetacete  and  Filicinefe,  bears  several 
sporangia.  In  this  group  the  sporangium  arises  typically  near  to  the  base  of  the 
leaf,  and  it  is  of  but  little  consequence  that  in  some  cases  it  arises  further  back 
from  the  axil  of  the  leaf  or  even  from  the  stem ;  this  is  merely  an  example  of  an 
occurrence  common  among  Phanerogams  that  organs  of  the  same  morphological 
value  {in  their  case  the  branches)  arise  at  one  time  at  the  base  of  the  leaf,  at  another 
in  its  axil,  or  even  from  the  stem  above  the  axil.  Although  it  has  already  been 
pointed  out  that  the  mode  of  development  of  the  sporangia  is  insufficient  to  define 
the  principal  subdivisions  of  the  Vascular  Cryptogams,  it  must  be  remarked  here  that, 
in  contrast  to  the  various  modes  occurring  in  the  Filicinea,  the  mode  of  develop- 
ment of  the  sporangia  is  constant,  even  when  the  other  morphological  characteristics 
are  widely  diff"erent;  here  the  sporangium  is  always  developed  from  a  group  of  cells. 
A  short  definition  of  the  two  orders — I.  Lycopodiacese,  II,  Ligulatas— is  given  at 
the  close  of  the  introduction  to  the  Vascular  Cryptogams. 


Order  I.    Lycopodiace.*; ', 

I.  The  Sexual  generation  (Oophore).  The  conditions  which  are  necessary  for 
the  germination  of  the  spores  of  Lycopodium,  Psilolum,  etc.,  are  as  yet  unknown.  In 
spite  of  the  very  numerous  attempts  made  to  cultivate  them  only  one  observer, 
De  Bary,  has  succeeded  in  obtaining  the  early  stages  of  the  development  of  the 
prothallium  of  Lycopodium  inundalam.  The  endospore  protruded  as  a  spheroidal 
vesicle  from  the  exospore  which  had  split  into  three  valves :  the  vesicle  was  then 
divided  by  a  transverse  septum  into  an  inner  basal  cell,  which  underwent  no  subse- 
quent alteration,  and  an  outer  cell  which  grew  like  an  apical  cell  and  formed  two 
rows  of  segments.     Each  segment  was  then  subdivided  by  a  tangential  wall  into  an 

*  Bischoff,  Die  cryptog.  Gewachse.  Nurnberg  iSsS.^Spfing.  Monographie  de  la  famille  des 
Lycopod.  (Mem.  de  I'Acad.  roy.  Beige,  1841  et  '849). — Cramer,  iiber  Lycop.  Selago  in  Nageli  und 
'Cramer,  Pfl.  phys.  Unlers.  Heft  3, 1855.— De  Bary,  iiber  die  Keimimg  der  Lycop.  in  Ber.  d.  naturf. 
Ges.  zu  Freibuig-!-Br.  and  Ann,  Sd.  Nat.  1858.  Heft  IV.— Nageli  und  Leitgeb,  iiber  die  Wurzeln, 
in  Nageli 's  Beit,  zur  wiss.  Bot.  Heft  4,  1867. — Payer,  Botajiique  ciyptogamique.  Paris  1868. — 
Hegelmaier,  Bot.  Zeit.  1872.— Eussow,  Vergl.  Unlets.  Petersburg  1 872— Mettenius,  iiber  P^yfo- 
glossum,  Bot.  Zeit.  1867.— Juranyi,  iiber  Psi/oiHm.  Bot.  Zeitg.  1871.— Fajikliauser,  Bot.  Zeitg.  1873,— 
Strasturger,  Bot.  Zeifg.  1873.  [Arcangeli,  Studii  iv.1  Lycopodium  Sttago,  1874. — Pranti,  Bemerk.  iib. 
d.  Verwandlschaftsvethaltnisse  der  Gefasskryptogamen ;  Verb.  d.  phys,-med.  Ges.  za  Wiirzburg, 
1875, — Braun.  Blattstellung  und  Veriweigung  bei  Lycopodium,  Sitiber.  d.  bot.  Vet.  d.  Ptov.  Branden- 
bui^,  1874. — Hegelmaiet,  Znr  Kenntniss  einiger  Lycopodinen,  Bot.  Zeitg.  1874.— Bruchmann,  Ueb, 
Anlage  u.  Wachsthum  der  Wurzeh  ron  Lycopodium,  Jenaische  Zeitschrifl,  l8;4,] 
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inner  and  an  outer  cell,  so  that  at  this  stage  the  young  prothallium  couii^iled  ol  f  ur 
short  cells  forming  an  axial  row  terminated  above  t)  the  apical  ell  below  by  the 
basal  cell,  and  enclosed  laterally  by  t  \o  rowij  of  celK  It  was  impoibible  to  trace 
the  development  mj  further  Fifteen  veara  later  (18^2)  Finkhauser  found  in 
Switzerland  completely  developed  prothall  a  oi L\copodtuvi  anmlmum  among  some 
Mosses,  one  of  wh  ch  wis  still  connected  with  the  young  plant  of  the  second 
generation  (Fig.  326)  These  prothalha  wh  h  had  groin  in  the  absence  of  light 
were  irregularly  lobed  masses  of  cells  of  a  pale  )clIow  colour    furnished  sparingly 


with  small  i 

ovoid  cavities  in  the  ti 


On  the  upper  sirface  were  numerous  antheridia  which  are 
i'iue  of  the  prothalhum  cohered  by  a  single  layer  of  cells  and 
filled  with  the  lerj  numerous  mother  cells  of  the  anthero 
ZLids  The  form  of  he  antl  erozoids  themsehes  was  not 
\er)  clearlj  made  ut  These  prothalhi  had  no  longer 
an\  arch  nOma  but  thej  bore  young  plants  hence  it  ap- 
pears that  L}c  f  odium  produces  only  one  kind  of  spores,  a 
conclus  on  which  is  qu  te  in  accordance  with  the  results  of 
direct  ob  ervUion  aid  thit  the  prothallia  are  monoecious, 
a  pecuhanty  which  at  once  sharply  distinguishes  the  Lyco- 
podice^  from  the  Isofeiefe  and  Selaginellese,  as  does  also 
the  very  coi  siderible  size  atta  ned  by  the  prothallium  and 
it&  complete  independence  of  the  spore.  Probably  these 
condit  ons  are  the  same  in  those  genera  which  possess  but 
one  kind  cf  spores  Psilo/um  Tmesipkn's,  Phylloglossttm. 
The  prithalla  ri  Lycopodtum  evidently  bear  several  arche- 
t,on  T  for  Fankhauser  found  on  them  young  plants  in 
vinous  Bt^gei  of  development  From  the  attachment  of  the 
V  ung  phnt  to  the  prothall  um  it  appears  that  the  arche- 
>,onia  he  upon  its  upper    urface  in  the  grooves  between  the 

2  The  4.S  \ual ^entrah  n  (Sporophore),  From  what  has 
already  been  said  it  is  ev  dent  that  nothing  is  known  con- 
cerning the  development  of  the  embrjo  The  young  plants 
which  Fankhauser  found  were  attached  to  the  prothallium 
by  means  of  a  small  project  on  about  the  size  of  a  pmsi 
held  n  erted  nto  its  tissue  Th  s  projection  arises  at  the 
side  of  the  base  of  the  stem  and  t  f  the  first  ro  t  it  evidentl)  corresponds  to  the  foot 
of  Ferns. 

The  habit  of  the  mature  pluits  is  very  various  in  the  different  genera  Some 
species  ai Lycopfdium  have  an  erect  stem  and  erect  branches  (L  Sdai^u)  m  which 
case  the  roots  ans  ng  from  the  lower  [  art  of  the  sten  often  grow  downwards  within 
it  and  issue  in  a  tuft  from  its  base  (£  Pkhgriam  uli  i/ohum,  S^c)  Very  frequently 
the  main  stem  and  its  largest  branches  creep  upon  the  earth  sending  out  roots  here 
and  there  into  tie  sol  mlv  certain  branches  more  especially  those  which  bear  the 
sporangia,  being  erect  In  these  forms  there  is  a  tendency  towards  bilateral 
organisation,  which  finds  e^cpression  more  particularly  m  the  structure  of  the  axial 
fibrovascular  mass      In  all  species  the  stem  is  thickh  covered  with  small,  narrow. 
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sometimes  ebn^^ated  lei^ea  The  diflerencea  of  hibit  are  chiefl\  due  to  the  greiter 
or  less  devel  praent  of  one  or  other  of  the  branches  of  the  bifurcations  The 
sporangii  are  borne  in  i  Selago  in  the  a\ils  of  ordinary  fohage  leaves,  but  usuallj 
the)  are  borne  in  the  aiils  of  leaves  which  are  pecuhir  in  shape  and  colour  and 
^vhich  form  terminal  spikes  on  special  fertile  branches  which  are  frequentlj  curiousl> 
modified 

In  Piilotunt  the  stem  is  thin,  much  branched,  and  developed  throughout  m 
a  bifurcate  manner  so  that  the  plant  presents,  the  appearanre  of  1  strigghng 
shrub  It  possesses  no  true  tloIs  but  a  number  of  underground  branches  dis 
charge  the  ftmcluns  of  roots  The  leaves  are  few  and  are  but  am^il  pointed  scales 
even  upon  thU  pirt  of  the  stem  which  is  above  ground  The  sporangia  are 
borne  three  01  four  together  on  small  short  lateral  shoots  of  the  branches  and 
do  not  form  a  definite  fructifii-ation  Similar  arrannements  oc(,ur  in  TmesipUm, 
but  here  the  leaves  are  much  larger  With  these  genera  is  associated  PhxIIo 
glossum,  a  small  -Austral  an  plant  only  1  few  centimetres  high  which  differs  Irom 
them  considerably  It  consists  of  a  stem  arising  irom  a  small  tuber,  and  bearing 
at  Its  lower  part  a  rosette  of  a  few  long  leaves  and  one  ~>y  more  lateral  roots  it 
IS  prolonged  above  this  is  a  thin  scape  and  terminates  m  a  spike  uf  small  leaves 
bearing  the  sporangia  The  phnt  is  propagated  by  means  of  adventitious  shoots 
consisting  of  a  tuber  w  th  a  rudimentarj  leaflets  bud  in  this  respect  it  resembles 
our  native  Ophrjde's 

The  development  of  the  vegetative  organs  is  only  thus  completely  known  with 
reference  to  natiie  Ljcopodiete,  our  knowledge  of  the  other  genera  is  ver)  frag 
meniarj  We  are  indebted  for  the  most  valuable  mformation  to  the  labours  of 
Hegelmaier  of  Leitgeb,  and  o±  Nigelu  According  to  Cramer  Pfefler  and  Hegel- 
maier,  and  this  is  corroborated  b)  m}  own  observations  the  growing  end  cf  the  stem 
of  L}<.opadium  does  not  possess  a  single  apical  cell ,  this  is  true  abo  of  the  leaf  and 
of  the  root  The  growing  pomt  of  the  stem  consists  of  a  small  (.elled  primary 
menstem  which  does  not  m  all  cases  present  a  distinct  differentiation  of  dermatogen 
and  periblem  but  there  is  a  distinct  axial  plerome  which  extends  to  close  below  the 
apex  In  L  Selago  the  apex  is  flat  but  in  L  complanalum,  claialum,  innHtnum 
alpinum  &c  it  projects  bejond  the  voungest  leaves  in  the  form  of  a  dome  Just  as 
in  Phanerogam-)  the  leaves  and  the  rudimentarj  branches  are  not  developed  from 
single  cells  of  the  growing  point  but  from  groups  of  cells  which  include  both  the 
superficial  and  deep  layers  of  the  \  nmary  tissue 

The  branching  of  the  stem  of  Z>  opobum  mav  be  generall)  described  as  being 
dichotomous  although  according  to  Hegelmaier  the  first  development  of  a  branch 
begins  m  manj  cases  at  the  side  of  the  growang  apex  of  the  stem  In  all  cises 
however  this  takes  place  above  the  joungest  leaves  without  anj  reference  to  their 
position  and  herein  it  differs  from  the  branching  of  Phanerogams  According  to 
Cramer  two  new  grovMng  points  of  equal  activitj  are  formed  side  bj  side  upon  the 
flat  apical  surface  of  L  Selago,  and  they  in  turn  develope  dichotomoush ,  and 
Hegelmaier  found  the  same  to  be  the  case  in  the  vegetative  shoots  of  heterophj Uous 
species  (Z.  complanalum,  chammcyparissus).  In  these  cases  then  true  dichotomy 
occurs.  On  the  other  hand,  the  rudiment  of  the  branch  appears  as  a  lateral  pro- 
tuberance from  the  projecting  growing  point  of  the  vegetative  shoots  of  L.  clavaium 
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and  amwiinum  and  of  the  creeping  shoots  of  Z,  inurtdaium;  yet  it  arises  in  such 
a  manner  that  the  branching  niaj'  be  regarded  as  being  closely  allied  to  dichotomy. 
The  bifurcation  of  the  fertile  branch  of  L.  alpinum  presents  another  form  of 
dichotomy  (false  dichotomy),  for  here  the  growing-pdint  is  extended  by  the  develop- 
ment of  two  new  growing  points,  one  on  the  right  and  the  other  on  the  left  side  of 
it;  the  central  one  then  ceases  its  activity,  whereas  that  of  the  two  lateral  ones 
commences,  so  that  the  apex  of  the  parent  shoot  becomes  indistinguishable.  Those 
LycopodieEB  which  have  their  leaves  arranged  in  four  rows,  and  which  resemble  the 
SekginellcEe  (Z.  complanalum,  chamcecyparissus),  branch  in  one  plane  only,  which 
coincides  with  that  of  the  larger  leaves ;  whereas  those  species  which  have  their 
leaves  arranged  spirally  or  in  whorls,  branch  in  various  intersecting  planes.  Hegel- 
maier  recognised  the  bulbils  which  occur  in  several  species  (Z.  Selago,  lucidum, 
reflexum)  as  being  peculiarly  modified  branches.  They  arise  on  the  shoot  in  the 
place  of  leaves.  They  fall  off  of  themselves,  and  are  provided  with  a  few  leaves  and 
a  rudimentary  root. 

Since  the  leaves  are  closely  placed  by  the  side  of  and  above  each  other  from  the 
first,  so  as  to  cover  the  whole  surface  of  the  stem,  there  are  no  internodes  (as  also  in 
Ophioglossum,  Marattia,  Aspidium,  Isoeks) ;  and  not  only  so,  but  the  outer  cortical 
layer  of  the  stem  is  genetically  connected  with  the  tissue  of  the  bases  of  the  leaves. 
The  leaves  become  separated  the  one  from  the  other  by  subsequent  intercalary 
growth,  and  in  many  cases  the  base  of  the  leaf  becomes  sharply  defined  from  the 

The  first  rudiments  of  the  leaves  of  Lycopodiese  appear  as  multicellular  lateral 
protuberances  of  considerable  breadth  upon  the  growing  apex  of  the  stem.  They 
grow  at  first  apically,  but  this  soon  terminates  in  the  formation  of  a  hair-like 
prolongation  ;  all  further  growth  is  intercalary  at  the  base  of  the  leaf.  The  size  and 
form  of  the  leaves  are  very  different  in  the  various  species,  but  they  are  always 
simple  unbranched,  and  not  stalked  but  sessile  with  a  narrow  base.  Occasionally 
their  surfaces,  with  the  exception  of  the  free  apices,  are  closely  applied  to  the  stem 
(as  is  the  case  in  Thuja),  but  more  commonly  the  leaves  are  quite  free.  They  are 
acicular,  or  at  any  rate  of  small  width,  and,  as  in  all  DichotoracK,  a  mid-rib  only  and 
no 'lateral  veins  is  present. 

The  phyllotaxis  is  sometimes  verticillate,  sometimes  spiral,  and  both  kinds  may 
occur  on  the  same  plant.  The  whorls  may  consist  of  pairs  of  leaves  which 
decussate,  or  of  three,  four,  or  more,  and  are  arranged  in  creeping  stems  on  zones 
the  planes  of  which  are  oblique  to  the  long  axis  of  the  stem.  The  number  of  leaves 
in  a  whorl  varies  even  on  the  same  shoot.  According  to  Hegelmaier,  the  whorls  are 
true  ones ;  the  leaves  composing  them  are  developed  simultaneously  and  at  the  same 
level  at  the  punclum  vegetalionis.  Where  the  phyllotaxis  is  spiral  it  is  so  from  the 
first,  and  the  divergence  undergoes  no  important  modification.  The  small  and  very 
various  divergences  of  the  leaves  are  remarkable,  as  Braun  pointed  out ;  he  found  in 
L.  clavalum  the  following  divergences,  f ,  -j^,  ^,  ^,  ^,  as  well  as  whorls  consisting 
of  from  four  to  eight  leaves ;  in  Z.  anmtinum  they  were  ^,  f ,  and  whorls  of  four  or 
five  leaves;  inZ.  inundatum  \  and  whorls  of  five  leaves  (Bot.  Zeit.  1872,  p.  815). 

The  much  bifurcated,  multiangular,  thin  stem  of  Psilolum  grows  by  means  of 
a  three-sided  apical  cell,  which,  according  to  Hageli  and  Leitgeb,   forms  (in  the 
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subterranean  shoots)  three  spiral  f  1 

in  the  anodal  direction,  as  in  ma  y  M  Th  II       d  1        p         d  1 

which  have  no  libro  \ascular  bundle  braph       gl       fh  db 

no  apparent  relation  to  its  branche 

Psilotum  irtiuiitum  is  a  plan    p    f     1    d  f  f  h 

number  of  underground  shoots  wh    h  h     p    p  f  d  ly 

similar  to  them.     On  the  shoots     fhh  hhpp        hi  rf  fh 

ground  may  be  detected  with  a  le  1  f  h  d  1 

shape  ;  the  deeper  root-like  shoots  h  bl  d 

can  be  detected,  even  with  the  le  \\  h  1      h  m     . 

ficial  shoots  corresponds  to  that  of   h  f   h        pi  h       d    p 

shoots  the  vascular  bundles  are  uru    d  1  g      p  Th 

shoots  which  bear  visible  rudiment      fl  mj  pdbie  d 

transformed  into  ordinary  foliage-  h  hlh  Ikh  hh        m 

slender,  may  also  turn  upwards,  b      m      1     k  d  h       pj.  f 

the  ordinary  superficial  rhizome-sh  I      h     p  h      f         h       1  fl 

from  true  roots,  but  still  more  in  th      b  f  p      Th  y       m 

apical  cell,  which  forms  oblique  s  gm  1  d  fl  d  1  h 

most  important  point,  however,  is  th      h         h  lly  p  d  f  1 

which  consist  of  only  a  few  cells  add  \     ]  b  h  fb  m 

concealed  in  the  tissue.      They  a      b  ^       d        1     g     d      1  h 

they  are  seen    to    consist  of  an     p     1      11       d  f    m  fi  11         h     h 

characteristic  arrangement  of  leaf     11        S  m  1      rud  m         j   1  f 

but  few  cells  occur  also  on  the  ordinary  rhizome-shoots,  where,  how  h  y  do 

not  undergo  further  development,  especially  when  the  end  of  the  h  a^i  a  a 
above  ground.  The  root-like  shoots  branch  like  the  ordinary  ones,  1  c  11  s  u 
off  by  an  oblique  wall  from  one  of  the  youngest  segments,  and  forms  the  apical 
cell  of  the  new  shoot. 

The  other  genera  all  possess  true  roots.  In  the  Lycopodiere  with  creeping 
or  climbing  stems  they  arise  singly  and  dichotomise  m  rectangularly  intersecting 
planes  in  the  soil.  It  has  already  been  mentioned  that  in  the  L)copodLe^  with 
erect  stems,  such  as  in  L.  Selago,  Phkgmaria,  uliafobum  the  roots  issue  in  a  tuft 
from  the  base  of  the  stem  which  is  somewhat  tubercular  These  roots  originate  high 
up  in  the  stem,  as  high  as  five  centimetres  and  even  abo\e  the  first  bifurcation 
according  to  Strasburger ;  they  develope  at  the  peripher)  of  the  ixial  fibro  vascular 
mass,  but  they  are  peculiar  in  that  they  grow  down  through  the  fundamental  tissue  of 
the  stem  and  even  dichotomise  there.     (Compare  ■^\'Ca.  AngiopUrii  p  417  ) 

The  Sporangia,  in  the  genus  Lycopodium,  occur  singly  on  the  bases  of  the 
leaves  or  in  their  axils.  As  in  all  Dichotomese,  they  are  here  larger  than  in  the 
Ferns.  They  are  borne  on  short  broad  stalks,  and  the  capsule  is  somewhat  reniform, 
its  longer  axis  lying  transversely  to  that  of  the  leaf.  They  open  by  means  of  a  slit 
running  in  this  direction  over  the  apex,  two  valves  being  formed  which  remained 
united  at  the  base.  The  contained  spheroidal  or  tetrahedral  rather  small  spores  are 
numerous ;  they  all  have  the  same  shape  and  are  provided  with  a  sculptured  esospote. 
After  I  had  pointed  out  in  the  first  edition  of  this  book  (1868)  that  the  sporangia  of 
the  Lycopodiese  originate  as  multicellular  protuberances  of  the  tissue  of  the  leaves, 
Hh 
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Hegelmaier  and  Russow  liave  confirmed  and  exfended  the  observation.  They  are 
developed  from  a  small  group  of  epidermal  cells,  as  Goebel  has  shown,  and,  in  con- 
sequence of  repeated  divisions,  they  soon  appear  as  flat  projections  occupying  the 
whole  breadth  of  the  base  of  the  leaf,  consisting  of  a  group  of  internal  cells  covered 
by  an  external  layer.  Tangential  divisions  take  place  in  the  epidermal  cells  by  means 
of  which  the  wall  becomes  iwo-layered,  and  the  upper  or  external  portion  of  the 
tapetum  is  formed,  the  tapetum  being  completed  by  similar  divisions  taking  place  in 


more  deeply  placed  cells  :  the  archesporium  probably  consists  of  a  transverse  row  of 
cells;  these  undergo  division  and  form  a  rounded  mass  of  spore -mother -cells. 
These  cells  becotne  isolated,  their  walls  undergo  considerable  thickening,  and  after  an 
indicated  division  mto  t«o  the)  form  four  chambers  (the  so  (.ailed  '  special  mother- 
cells  ),  withm  each  of  which  the  contained  protoplasm  surrounds  itself  with  a 
permanent  spore  wall  It  is  not  until  the  projections,  spme&  &c ,  ha\e  been 
developed  upon  this  wall  that  the  wills  of  the  chambers  of  the  mi  ther  cells  are 
absorbed. 
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The  nature  of  ihe  sj  or^ngia  of  Psil  turn  and  of  Tm  n//  tn  is  in  man}  respects 
obscure  In  Pstl  lam  the  short  branches  which  bear  the  apparentlj  trilocuUr 
sporangia'  anse  as  lateral  papiU'e  on  the  growing  point  and  according  to  Jurinyi 
are  provided  with  a  three  sided  apical  cell  like  the  vegetative  bnnches  A  fibro 
vascular  bundle  runs  from  thil  of  the  parent  shoot  to  the  papilla  but  does  not 
extend  bcjond  the  half  of  its  height  Ihe  t«o  smill  leaves  of  this  fertile  brinch 
which  were  formerly  re^irded  as  being  the  segments  of  a  single  leaf  arise  separately 
from  the  papilla  and  coalesce  at  a  liter  period  Even  at  a  tolerabi)  adv-inced  stage 
the  papilh  still  consists  of  undifferentiated  tissue  which  as  in  the  case  of  the  anthers 
of  Phanerogams  forms  parietal  lajers  and  three  groups  of  spore  mother  cells  m 
this  way  three  loculi  are  formed  which  ire  separated  by  longitudinal  nails  and  an 
axial  mass  of  tissue  and  which  project  considerably  on  the  exterior  I  regard  these 
three  locnli  as  so  man)  sporangia  which  are  formed  in  the  apical  part  of  the  fertile 
shoot  to  which  the  axial  fibro  vascular  bundle  extends  In  Tmisipkns  the  spo 
rangium  which  is  apparently  divided  mio  two  loculi  bj  a  transverse  septum  is  be  me 
upon  a  small  lateral  branch  which  bears  a  leaf  to  the  right  and  to  the  left 


Hiitolog}^  The  Epidermis  of  the  levies  of  L  annotmum,  daiatum,  and  Setago, 
IS  provided  with  toiiiata  on  both  surfaces,  the  stomata  ire  often  arranged  in  small 
groups  The  leases  of  the  heterophj lious  species  which  have  them  arranged  in  four 
rows,  possess  stuniata  on  their  inner  surtace ,  stomata  occur  on  the  outer  surfaces 
of  those  portions  of  the  leases  which  adhere  to  the  stem  and  which  are  directed 
towards  the  earth  The  epidermis  of  the  root  is  sometimes  strongly  cuticularised,  is 
ini    cla-vatum 

The  Fuadamenlal  Tissue  of  the  stem  consists  of  cells  whith  are  sometimes  thin  walled 
throughout,  as  m  X   mundalum,  but  usuill)   the  inner  la>ers  have  thicL  walls,  and  ate 

'  [This  has  been  cleared  up  by  Goebel  ^ttltr  i  vergL  EuEhicL  der  Sporingieh  Bot  Zeit 
J  881)  He  finds  that  the  Inlocular  sporangium  oi  Psiloliim  is  really  a  group  of  three  sporangia 
each  of  which  contains  primarily  a  anictliular  archesponum  from  whith  a  tnc-lavered  tapetum  is 
subsequently  derived,  as  also  the  mother-cells  of  the  spores.  The  '  loculi  of  the  apparently  bilocular 
sporangia  oiTimsipliTis  are,  like  those  oS  Pdloiutn,  which  they  closely  resemble  in  their  development, 
really  distinct  sporangia.] 

'  [For  further  details  see  De  Eary's  Vergleichende  Anatomic,  187;.] 
H  h  2 
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prosenchymatous,  or  even  sclerenchymatous,  though  they  never  become  brown  like 
those  of  the  Ferns  (Fig.  328). 

The  asial  fibro-vascular  cyUnder  is  sharply  defined  from  the  ground  tissue  by  a  well- 
developed  bundle -sheath  consisting  f  f  m  t  three  layers  of  cells.  In  the  leaves 
of  the  heterophyllous  species  ai  t  t  nd  they  are  found  also  in  the  stem 
of  L,  inundatam.  In  this  species  H  g  1  f  d  gum-canals  in  the  stem  and  leaves 
(one  in  the  mid-rib),  which  are  f  d  by  th  gradual  separation  of  cells  from  each 
other.  The  bordering  cells  proje  t  t  th  1  like  varicose  hairs.  In  L.  aniiatinum 
such  canals  occur  only  in  the  fert  1    b         h 

The  Fibra-i-aicular  Bundles  of  th  Lj  pod  x  are  very  characteristic.  In  the  stem 
and  in  the  root  there  is  a  large  1  >1  d  hich  has  usually  a  circular  outline. 
In  this  (Fig.  328)   lie  bands  of  xyl  h    h  cither  isolated  or  united   in  various 

■ways  so  as  to  form  figures  which  w  Id  b  y  etrically  bisected  by  an  axial  longi- 
tudinal section.  Transverse  sections  taken  at  different  heights  show  the  xylem  arranged 
in  different  patterns,  for  the  bands  anastomose  in  their  course.  These  bands  of  xylem 
coDsist,  like  those  of  Ferns,  of  tracheides  which  are  pointed  at  the  ends,  which  are 
wider  in  the  centre  than  at  the  edges  of  the  bundle,  and  which,  when  they  are  narrow, 
have  round  pits,  when  broad,  the  pits  are  fissure-like.  Small  spiral  vessels  (proto-xylem 
cells)  are  to  be  found  at  the  edges  of  the  bands  of  xylem.  In  creeping  and  oblique  stems 
the  concavity  of  the  bands  is  always  directed  upwards.  These  bands  are  embedded  in 
a  mass  of  small-celled  phloem,  in  which  rows  of  wider  cells  lying  between  the  xylem 
bundles  occur.  Although,  according  to  Hegelmaier,  these  cells  possess  no  sieve-plates, 
they  may  be  regarded  as  the  representatives  of  the  sieve-tubes. 

The  '  proto-phloem  cells '  (bast-fibres)  lie  toward  the  exterior  between  the  ends 
of  the  xylem  bundles.  The  arrangement  of  the  elements  recalls  that  of  the  axial 
cylinder  of  roots.  Within  the  bnndle-sheath  are  several  layers  of  rather  large  cells 
which  invest  the  peripheral  phloem ;  fo  these  Hegelmaier  has  given  the  name  of 
'phloem-sheath,' and  probably  they  truly  correspond  to  the  layer  occurring  in  Ferns 
to  which  the  same  name  has  been  given.  I  maintain  the  view  which  I  formerly  ex- 
pressed that  the  axial  cylinder  of  the  stem  of  the  Lycopodies  consists  of  several 
fibro-vascular  bundles  which  have  coalesced;  for  Hegelmaier's  argument  against  it,  that 
the  bands  of  xylem  are  not  isolated  throughout  their  whole  extent,  is  by  no  means 
conclusive,  and  moreover  the  resemblance  between  the  axial  cylinder  of  the  stem  and 
that  of  the  root  supports  my  view.  Each  leaf  contains  a  single  thin  fibro-vascular  bundle 
of  very  simple  structure,  which  runs  very  obliquely  from  the  base  of  the  leaf  through 
the  cortex,  to  become  connected  lower  down  with  the  margin  of  one  of  the  xylem 
bundles  of  the  stem.  The  leaves  of  Piilotum  contain  no  fibro-vascular  bundles.  Ac- 
cording to  Russow  the  xylem  of  the  axial  fibro-vascular  cylinder  of  the  stem  forms 
an  angular  hollow  cylinder  at  the  projecting  angles  of  which  are  groups  of  narrow  spiral 
vessels. 

The  axial  cylinder  is  cauline:  it  can  be  followed  in  the  procambial  condition  to  just 
beneath  the  apex  of  the  stem.  The  rows  of  spiral  cells  are  first  formed  within  the 
xylem  bands,  with  which  the  similar  elements  in  the  bundles  of  the  leaves  become  con- 
nected (Fig.  327)  long  before  the  development  of  the  tracheides. 


Order  IL     Ligvlat*'. 

I,  The    Sexual    Generation   (Oophore).      Like    the    RhizocarpeK   among   the 
FilicineEe,  the  LigulatK,  including  the  genera  Selaginella  and  Isoeles,  are  distinguished 


'  Hofmeister,Verg!eich.Unters.  1851.— (Germination,  Development,  and  Fiuctifii-ation  of  the 
Higher  Cryplogaoiia,  Ray  Soc.) — Hofmeister,  Entwick.  der  /soJVes  lacuslris,  in  Abhand  d  Konigl 
Sachs,  der  Wiss.  IV.  1855.— Nageli  imd  Leitgeb,  ijber  Entstehung  und  Wachsthum  der  Wurzeln  ui 
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among  the  D  chotomese  in  th\t  hev  possess  spores  of  two  kind'!  the  macrospores 
and  the  m  crospores  As  1 1  the  Rhizoc^rpeEe  so  1  ere  the  carrj  mg  back  of  'iexual 
differentiation  t  the  de\e!opment  of  the  spores  is  assoc  ated  with  this  pecuhar  ty 
that  the  spores  in  germ  natmg  seem  to  afta  n  the  r  object  the  formation  of  re 
productive  organs  -is  directly  as  j  :>'i~,  ble  for  the  protliallium  is  not  i  plinf  capable 
of  independent  growth  but  a  development  of  t  ssue  w  thin  the  spore  The  mode 
m  which  this  is  brought  ibout  in  the  Ligulafe  differs  in  essent  al  points  from 
that  obtain  ng  among  the  Rhizocarpe* 

The  Mtcrospor  s  of  Isoetes  and  Stlag  nella  do  not  produce  the  mother  cells  of 
the  antherozo  ds  immediately  Irom  their  contents  as  was  formerly  thought  To  the 
treatise  of  MiUardet  nientioned  in  the  foot  note  we  owe  our  knowledge  of  the  fact 
so  important  in  connection  with  (he  relatnnship  f  the  tigler  Crjptogams  to  ihe 
Gymnosperms  that  at  the  perio  1  uhen  ihe  microsp  res  are  ripe  their  contents  are 
transformed  mlo  a  miss  of  t  ssue  ctniist  ng  of  but  few  cells      One  of  these  cells 


remains  sterile,  and  may  be  considered  a  rudimentary  prothallium ;  while  from  the 
others  originate  the  mother-cells  of  the  antherozoids,  and  these  may  therefore  be 
looked  on  as  a  rudimentary  antheridiumr 

The  microspore  of  Isoeles  lacuslris  breaks  up,  after  hibernation,  into  a  very 
small  sterile  cell  and  a  large  one  comprising  the  whole  of  the  rest  of  the  contents 
{Fig.  329  A — C).  The  former  {v),  cut  off  by  a  firm  wall  of  cellulose,  does  not 
undergo  any  further  considerable  changes ;  the  latter,  on  the  other  hand,  splits  up 
into  four  primordial  cells  without  cell-walls,  of  which  the  two  ventral  ones  produce 

Nigeli's-Beitr.  z.  Wiss.  Bot.  IV.  1867.— A.  Braun,  iiber  Jsoeles,  in  Monalsber.  d.  Berl.  Akad.  1863.— 
Milde,  Filices  Europa;  et  Atlantidis,  Leipzig  iS67.^Millardet,  le  prothallium  male  ties  crypt,  vase. 
Strasburg  1869. — Pfeffer,  Entw.  des  Keims  der  GatEung  Selaginelta  in  Hansteih's  Bot.  Abhand.  IV. 
18^1. — Janczewski,  Bot.  Zeitg.  1872,  p.  441. — Tschiatiakoff,  iiber  Sporenentwickelung  von  Isoeles,  in 
Nuovo  Giomale  bot.  Ital.  1873.— Russow,  Vergl.  Urtere.  Petereburg  18J2,— [Braun,  Ueb.  Blatt- 
stellung  und  Verzwoigung  bci  SelagineUa.  Sitzber.  d.  bot.  Ver.  d.  Prov,  Brand enbvii^,  1874.— Hegel- 
maier,  Zur  Kennt.  einiger  Lycopodinen,  Bot.  Zeitg.  1SJ4.— Trcub,  Recberches  sBr  les  oiganes  de  la 
vegetation  du  S/lagindla  Martensii,  1877.] 
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each  (WO  an therozoid -mother- cells,  and  therefore  four  in  all.  Pfeffer  has  confirmed 
the  staiements  of  Millardet  that  in  Selaginella,  long  before  the  spores  escape  from 
the  sporangium,  a  small  sterile  cell  is  first  of  all  separated  by  a  firm  wall,  while  the 
other  large  cell  breaks  up  into  a  number  (6  to  8)  of  primordial  cells  (Fig.  33 1  A^D). 
He  found,  however,  their  arrangement  different  in  Selaginella  Martemii  and  caulescem 
from  that  which  Millardet  described  in  the  case  of  S.  Krausstana,  a  variation  which 
seems  immaterial  when  compared  with  similar  differences  in  the  antheridium 
of  Ferns.  The  essential  difference  between  the  results  of  the  two  observers  con- 
sists in  this ; — that,  according  to  Millardet,  only  two  of  the  primordial  cells  produce 
the  mother-cells  of  the  antherozoids,  which  then,  increasing  in  number,  cause  the 
absorption  of  the  rest  of  the  primordial  cells,  and  fill  up  the  spore;  while  Pfeffer  found, 
m  his  species,  that  all  the  primordial  cells  underwent  further  division,  and  con- 
tnbuted  to  the  formation  of  the  antherozoids  As  lo  the  mode  of  development 
of  the  antherozoids  they  were  both  in  actordance.  In  Isoe'ks  the  antherozoids 
are  long  and  slender,  attenuated,  and  splitting  up  at  both  ends  into  a  tnft  of  long 
slender  cilia,  in  SdagineUa  thev  are  shorter,  thick  behind,  finely  drawn  out  in 
front  and  di\ided  there  into  two  long  fine  cilia      In  the  perfectly  mature  condition 


the  antherozoids  are  rolled  up  into  an  elongated  helix  or  into  a  short  spiral.  The 
mode  of  their  formation  in  the  mother-cells  is  the  same  in  both  genera,  and  agrees 
fn  essential  points  with  that  of  Ferns.  A  cell-nucleus  is  not  present  at  the  time 
when  the  antherozoid  is  first  formed;  the  contents  of  ihe  cell  are  perfecdy  homo- 
geneous; the  antherozoid  originates  from"  a  shining  scarcely  granular  mass  of 
protoplasm  which  encloses  a  vacuole,  the  cilia  at  one  end  being  formed  first,  and 
the  spiral  body  becoming  differentiated  from  before  backwards  by  a  kind  of  split- 
ting of  the  protoplasm.  The  antherozoid  is  originally  curved  spirally  round  the 
central  vacuole;  this  latter,  surrounded  by  a  fine  membrane,  not  unfrequently 
remains  attached  to  the  posterior  end  of  the  antherozoid  after  it  has  escaped,  and 
is  carried  along  by  it.  The  movement  does  not  last  longer  than  five  minutes  in 
the  antherozoids  of  Isoi'ks,  in  Selaginella  from  one-half  to  three-quarters  of  an 
hour.  From  the  commencement  of  germination  till  the  complete  maturity  of  the 
antherozoids  there  is,  in  Isoeles,  an  interval  of  about  three  weeks ;  the  same  period 
from  the  dissemination  of  the  spores  is  necessary  in  Selaginella. 

The  Macrospores  produce  the  female  prothallium,  which  is  an  endogenous  struc- 
ture in  a  still  higher  degree  even  than  is  the  case  in  the  Rhizocarps.     In  this  respect 
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and  in  the  mode  of  lis  development,  it  shows  a  still  greater  resemblance  to  the  tissue 
that  fills  up  the  embryo-sac  of  Gymnosperms,  and  even  of  Angiosperms.  In  Isoiiks 
the  cavity  begins  to  be  filled  with  cellular  tissue  a  few  weeks  after  the  eecape  of  the 
macrospores  from  the  decaying  macrosporangium ;  the  cells  of  this  tissue  are  all  at 
first  naked  (without  cell-wall);  they  appear  to  become  enclosed  in  firm  cell-walls 
only  when  the  whole  cavity  of  the  endospore  is  filled  with  them  (Fig,  330),  In 
the  meantime  the  endospore  thickens,  becomes  differentiated  into  layers,  and 
assumes  a  finely  granular  appearance,  phenomena  which,  as  Hofineister  insists,  are 
exhibited  in  like  manner  in  the  embryo-sacs   of  Coniferre.      The   spherical  pro- 


thallium  now  swells  up,  the  three  convergent  edges  of  the  esospore  burst  length- 
wise and  thus  form  a  three-rayed  fissure,  where  the  prothallium  is  covered  only 
by  the  membranous  endospore;  this  also  peels  off,  and  softens,  finally  exposing 
the  corresponding  part  of  the  prothallium.  At  its  apex  appears  the  first  arche- 
gonium ;  if  this  is  not  fertilised,  several  others  are  subsequently  formed  at  its  side. 
In  Sdaginella,  even  when  the  macrospores  are  still  lying  in  the  sporangium,  the 
apical  region  is  found  to  be  clothed  with  a  small-celled  meniscus -shaped  mass  of 
tissue  which  is  probably  formed,  during  the  ripening  of  the  spores,  by  the  division 
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of  an  accumulaton  of  protoplasm  This  tis<iue  afterwards  produces  the  anhegoma 
and  IS  therefore  the  true  prothallium  but  a  few  weeks  after  the  dis'iemi nation  free 
cell  formation  begins  beneath  it  m  the  spore  civitj  finalh  filling  up  the  whole  cantj, 
and  forming'  a  large  celled  tissue  which  Pfeffer  supported  by  considerations  with 
which  I  \\ao  igree  compares  to  the  end  )Bperm  of  Angiosperms  and  following 
th  s  analog\  cails  b}  the  sime  name  At  the  period  of  fertilisation  and  of  the 
formation  of  the  embrjo  the  macrospores  of  Selagiiitlh  contain  therefore  both 
a  prothallium  and  an  endosperm  The  formation  of  the  archegonia  begins  even 
before  the  rupture  of  the  exospore  which  occurs  m  this  genus  in  the  same  manner 
as  in  Isoeii'  The  first  archegonium  ongmates  at  the  apex  of  the  prothallium ,  the 
others  arise  whether  the  first  la  fertilised  or  not  in  ccntrilu^al  succes'^ion  on  the 
Ciposed  parts  of  the  prothallium 

In  both  genera  the  archegonium  originates  by  d  vision  of  a  superficial  cell 
parallel  to  the  surface  the  upper  of  the  two  new  cells  divides  into  four  cdls  phced 
crosswise,  each  of  which  splits  b>  an  ohl  q  le  division  into  t«o  one  l)mg  over  the 
other  in  this  waj  the  neck  is  formed  consisting  of  four  rows  each  of  two  cells 
in  Stlagin  Ua  and  of  four  cells  in  hoelfs  The  lower  of  the  first  two  cells  sends 
out  a  narrow  prolongation  between  the  neck  cells  which  becomes  tbe  canil  cell 
of  the  neck  (Fig  3^r  II)  The  lower  larger  portion  the  central  cell  according 
to  Janczewski  then  has  a  small  portion  of  its  protoplasm  cut  off  wh  ch  corresponds 
to  the  ventral  cinal  cell  of  the  other  \rchegoniata  the  reman ler  constituting  the 
oosphere  The  two  canal  cells  become  mucilaginous  and  are  extended  from  the 
opened  neck  so  as  to  permit  the  access  of  the  antherozoids  to  the  oosphere 

2  The  Asexml  GmttaUm  (Sporophore)  The  DrDtbpment  of  the  Embryo 
The  first  division  of  the  oospore  (form'^tion  of  the  iasi!  wall)  differs  from  ih.M  of 
Ferns  and  Rhizocarps  taking  place  perpendicularly  to  the  axis  of  the  archegonium 
According  to  Hofmeister  each  of  the  two  cells  first  formed  is  divided  in  Isoefes 
in  a  plane  at  nglit  angles  to  thit  of  the  first  division  the  relation  of  which  to 
the  first  root  the  first  leaf  the  stem  and  the  iiol  of  the  embrjo  reqmrcs  jet 
further  elucidaton'  The  formation  of  the  embrjo  of  Sela^melli  his  recently 
been  investigited  in  detul  bj  Pfeffer  From  an  elongation  of  the  upper  half 
(hjpobasal)  of  the  oospore  is  foimed  tbe  Siaptnsor  a  body  which  is  wanting  m  all 
Other  Cijptogams  but  univer  illy  present  in  Phanerogams  and  through  which  Seia- 
ginella  consequently  approaches  flowering  plants      The  suspensor  seldom  remains 


'  [According  to  Bnichmann  (Jenaische  Zcitschr  ft  1874)  the  upper  (epibasall  cell  grows 
rapidlj  towards  the  necli  of  the  archegcn  um  and  produces  the  apex  of  the  item  anJ  the  first  leaf 
(cotyledon)  ;  at  the  lower  part  of  the  anlenoc  surface  of  the  cotyledon  a  cell  grows  out  and  gives  rise 
to  the  'ligula,'  and  it  is  the  cells  lying  immediately  at  the  base  of  this  oi^an  which  constitute  the 
growing  point  of  the  stem.  The  lower  (hypobasa!)  of  the  two  primary  cells  grows  slowly  downwards 
into  the  spore,  forming  the  foot ;  from  the  superficial  cells  of  that  part  which  is  diametrically 
Opposite  to  the  growing  point  of  the  stem  the  primary  root  is  developed.  From  the  more  recent 
researches  of  Kieniti-Gerloff  (Bot.  Zeitg.  1881)  it  appears  that  the  first  divisions  of  the  oospore 
resemble  those  in  the  Filicineae  (see  sufra,  p.  426).  Tlie  two  anterior  superior  (epibasal)  octants 
give  rise  to  the  cotyledon,  the  two  posterior  (hj-pobasal)  superior  octants  to  the  root,  and  the  four 
inferior  to  the  foot.  The  ligula  is  developed  from  one  of  the  cotyledonary  octants;  from  the  root- 
octants  a  cotyledonary  sheath  is  also  developed.  He  does  not  agree  with  Bruchmann  Ihat  the  root 
has  an  exogenous  origin.] 


vGooqIc 


FILICINEM. 


4?3 


a  simple  cell;  a  smaller  or  larger  number  of  divisions  usually  takes  place  in  its 
lower  part  (Fig.  332,  A — D).  The  embryo  itself  originates  from  the  lower  (epibasal) 
half  of  the  oospore.  By  the  elongation  of  the  suspensor  and  the  compression  and 
absorption  of  the  surrounding  cells,  the  embryo  is  forced  into  the  endosperm,  in 
which  it  now  undergoes  further  development,  as  in  Phanerogams.  In  the  mother- 
cell  of  the  embryo  (epibasal  cell)  two  segments'  are  in  the  meantime  formed  by 
the  wall  II  (transverse  wall) ;  out  of  each  proceeds  an  embryo-leaf  (cotyledon), 
and  a  longitudinal  half  of  the  hypocotyledonary  segment  of  the  stem.  The  foot  and 
root  originate  besides  from  the  right  segment,  and  in  the  left  (in  the  figure)  segment 
is  formed  the  two-sided  apical  cell  of  the  stem  (Fig.  332,  A,  £).  While  the  two 
segments  are  becoming  transformed  by  a  number  of  cell-divisions  into  masses  of 
cells,  of  which  an  inner  mass  very  soon  separates  itself  as  the  procambium  of  the 
axial  bundle  and  a  peripheral  mass  as  dermatogen  and  periblem,  a  swelling  is 
produced  laterally  beneath  the  first  leaf,  forming  the  fool^;    by  its  increase  the 


stem  is  forced  over  to  the  other  side  (that  of  the  younger  segment);  so  that  the 
apex  comes  to  lie  horizonfally,  and  afterwards  is  even  directed  upwards  (Fig.  331  /); 
and  finally  the  bud,  with  its  first  leaves,  the  cotyledons,  grows  out  upright  from 
the  apical  part  of  the  macrospore  when  the  embryo  begins  to  increase  in  length. 
The  first  root  is  formed  a  considerable  time  afterwards  between  the  foot  and 
the  suspensor.  It  is  lateral,  and  its  apical  cell  is  formed  from  an  inner  cell  of 
the  right  segment ;  but  the  first  layer  of  its  root-cap  originates  from  the  splitting 
into  two  layers  of  the  overlying  dermatogen ;  the  later  layers  of  the  root-cap  arise 
from  the  apical  cell  of  the  root  itself. 

It  has  already  been  mentioned  that  in  Pteris  and  Salvinia  the  position  of  the 
apical  cell  of  the  growing  stem  is  placed  at  an  angle  of  about  90°  with  respect  to 

'  [There  is  reason  to  believe  that  four  octants  are  formed  from  the  epibasal  cell  as  in  the  other 
Vascular  Cryptc^ms.] 

'  [On  the. propriety  of  regarding  this  oi^an  as  the  morphological  equivalent  of  the  fool  of  the 
olhet  Vascular  Cryptogams,  see  Quart.  Joura,  Mjcr.  Sci.  l8;8.] 
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1  of  h  Tib  yo.  Something  of  the  same  kind  occurs  in  Sehgimlla  ;  ihe  apical 
cell  h  ch  1  es  between  the  rudiments  of  the  first  two  leaves,  ts  divided  by  walls  in 
su  1   a  mann       hat  a  four-sided  apical  cell  is  formed  (Fig.  332  C,  D'),  the  segments  of 

vh  ch  a  se  n  decussate  pairs.  In  the  fifth  or  sixth  segment  a  second  four-sided 
ap  1  cell  ow  formed  by  a  curved  wall  with  the  convexity  turned  towards  the 
primary  apical  cell,  so  that  a  longitudinal  section  through  the  two  apical  cells  cuts 
at  right  angles  ihe  common  median  line  of  the  first  leaves,  and  that  of  the  original 
two-sided  apical  cell.  Each  of  the  two  four-sided  apical  cells  now  developes  into 
a  branch ;  but  neither  of  the  branches  continues  to  grow  in  the  direction  of  the 
hypocotyledonary  axis;  the  branching  therefore  takes  place  immediately  above 
the  first  leaves  or  cotyledons.  The  four-sided  apical  cells  of  the  two  rudimentary 
branches  are  soon  transformed  into  two-sided  apical  cells  each  forming  two  rows 
of  segments. 


The  first  formation  of  a!i  the  organs  and  the  first  branching  always  take 
place  before  the  protrusion  of  the  embryo  from  the  spore. 

External  Differentialion.  The  Stem  is  distinguished  in  Iso'ites,  as  has  already  been 
mentioned,  by  its  extraordinarily  small  growth  in  length,  with  which  is  connected,  in 
this  as  in  other  cases  (Ophioglossea;,  Marattiacese,  and  many  Ferns),  an  absence  of 
branching ;  no  internodes  are  formed,  the  leaves  with  broad  bases  of  insertion  con- 
stituting a  thick  rosette,  without  leaving  between  them  any  surface  of  the  stem  bare. 
The  upper  region  of  the  stem,  which  is  furnished  with  leaves,  has  the  form  of  a 
shallow  funnel,  depressed  in  the  centre  or  apex  (Fig.  333).  The  long- continued 
increase  in  thickness,  which  distinguishes  the  stem  of  IsoStes  from  that  of  all  other 
Cryptogams',  is  brought  about  by  an  internal  layer  of  meristem,  surrounding  the 


'  Compare  what  has  been  said  already  about  Bolryckiun 


It  Lepidod, 
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central  vascular  body,  and  continually  producing  new  layers  of  parenchyma  on 
the  outside.  This  lakes  place  especially  in  two  or  three  directions,  so  that  two  or 
three  corresponding  masses  of  tissue  are  formed,  slowly  dying  off  on  the  outside, 
between  which  lie  as  many  deep  furrows  meeting  on  the  under  surface  of  the  stem. 
From  these  a  large  number  of  roots  are  produced  in  rows  in  acropetal  succession. 

In  the  Selaginellese  the  stem  remains  slender,  but  lengthens  rapidly,  branching 
profusely,  and  forms  distinct  internodes.  The  end  of  the  stem  rises  above  the 
youngest  leaves  as  a  slender  cone.  In  Selaginella  a  tendency  prevails  to  sympodial 
scorpioid  development  of  the  branches  which  not  unfrequendy  leads  to  the  system  of 
abundantly  branched  shoots  developed  bilaterally  in  one  plane  attaining  a  definite 
outline,  and  a  corresponding  resemblance  to  a  compoundly  pinnate  leaf.  In  con- 
sequence of  the  small  size  of  the  leaves  in  this 
genus,  the  general  habit  is  m^nly  dependent  on 
the  development  of  the  systems  of  branches. 
The  main  shoots  which  result  from  the  sympo- 
dial development  of  the  branches  may  creep  like 
rhizomes,  may  grow  obliquely  upwards,  may 
climb,  or  may  form  the  stems  of  arborescent 
and  fruticose  plants.  In  all  cases  the  repeated 
branchings  take  place  in  one  plane,  for  the 
bilateral  symmetry  which  is  so  marked  in  the 
position  of  the  branches  and  in  the  phyilotaxis 
already  exists  in  the  growing  point. 

The  Leaves  are  always  simple,  unbranched, 
penetrated  by  only  a  single  fibro- vascular  bundle, 
terminating  in  a  simple  point,  and  ending,  in 
Selaginellu,  in  a  fine  awn.  The  largest  leaves 
occur  in  Isoe'ks,  where  they  attain  *a  length  of 
from  4  to  60  cm.  They  are  in  this  case  divided 
into  a  basal  part  or  sheath,  and  an  upper  part 
or  lamina.  The  sheath  does  not  entirely  em- 
brace the  stem,  but  rises  in  a  somewhat  trian- 
gular form  from  a  very  broad  insertion,  and  is 

acuminate ;  it  is  convex  behind  and  concave  in  ^iA'^iy^e'v'''^^{x^)WK'U^^^. 
front,  where  there  is  a  large  depression,  the  Fovea, 

containing  the  sporangium ;  the  margin  of  this  depression  rises  in  the  form  of  a  thin 
membranous  outgrowth,  which  in  many  species  lies  above  the  sporangium  and 
envelopes  it,  the  Velum.  Above  the  fovea  and  separated  from  it  by  the  '  saddle,' 
lies  a  smaller  depression,  the  Foveola,  the  lower  margin  of  which  forms  a  lip,  the 
Labium,  while  from  its  bottom  an  apiculate  membranous  structure,  the  Liguk  (or 
Linguld),  with  a  cordate  base,  is  prolonged  beyond  the  foveola  (Fig.  334,  A).  The 
lamina  of  the  leaf,  containing  chlorophyll,  into  which  the  sheath  passes  above,  is 
narrow  and  thick,  almost  cylindrical,  but  flattened  in  front,  and  penetrated  by  four 
wide  air-canals,  which  are  divided  by  septa.  This  form  is  exhibited  by  the  fertile 
leaves  of  all  the  species  of  hottes  ;  a  rosette  of  such  leaves  is  produced  annually ; 
but  between  each  pair  of  annual  whorls  is  formed  a  whorl  of  imperfect  leaves,  which 
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consist,  in  /.  lacuslrts,  of  only  a  small  lamina,  but  in  the  terrestrial  species  are 
destitute  even  of  this,  and  are  simply  cataphyllary  leaves  (phyjlades). 

The  leaves  of  Selaginella  are  never  more  than  a  few  millimetres  in  length,  and 
are  usually  cordate  at  the  base  with  a  narrow  insertion,  acuminate,  and  from  lanceo- 
late to  ovate  in  form.  In  the  greater  number  of  species  the  sterile  leaves  are  of  two 
different  sizes,  the  ventral  leaves  attached  to  the  under  or  shaded  side  of  the 
obliquely  ascending  stem  are  much  larger  than  the  dorsal  leaves  on  the  upper  side 
exposed  to  the  light  (Fig,  335,  A).  Both  kinds  taken  together  form  four  longi- 
tudinal rows  {vide  in/ra).  On  its  upper  side  and  near  the  base  each  leaf  bears  a 
ligule ;  the  point  of  attachment  of  the  sporan- 
gium is  below  this  on  the  fertile  leaves.  The 
lerlile  leaves  form  a  quadrangular  terminal  spike, 
are  uniform  m  size  and  usual!)  of  somewhat 
different  form  from  the  sterile  ones 

P/\llolavis  In  I  oeUs  the  rosettes  are  ar- 
raiged  spirillj  with  the  diiergences  |  ^,  /j, 
sj-  the  fractions  becoming  mori.  complicated 
the  Iwger  the  number  of  leases  that  are  an- 
nually forme!  In  the  species  of  Sdagitulla 
wh  ch  have  the  r  lea\es  arranged  in  four  rows, 
eich  dorsal  and  ventral  leaf  form  tcgether  a 
pair  «hose  me  Ian  plane  however  does  not 
1  Iter  ect  (hat  of  the  n^xt  pair  at  nght  angles 
biq     ly 
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'  [Hegelmaier  (Bot.  Zeilg.  187 
7.  Diiriitii.  He  considers  that,  since  i: 
Vergl.  Unters.)  there  is  not  a  single 
(Slrasburger,  Bot.  Zeitg.  1873)  there 
a  single  apical  cell,  it  is  possible  that 


having  a  single  apical  cell,  and  others  a  group.] 


()  was  unable  to  find  an  apical  cell  in  IsoeUs  velala  or  in 
certain  Sel^inelleie  {S.  nrhorsssens,  Pervillei,  LyaUii ;  Russow, 
apical  cell,  but  a  group  of  dividing  cells,  and  in  lS.  WalUchii 
ire  two  apical  cells,  whereas  in  Ihe  other  Selaginelle^  there  is 
iimilar  differences  may  exist  in  the  genus  Isoeles;  some  species 
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sided^  (Fig.  336,  ^,5).  The  two  rows  of  segments  here  form  an  elevated  vegetative 
cone,  at  the  base  of  which  the  rudiments  of  the  leaves  first  appear  at  the  height  of  the 
fourth  or  fifth  segment.  The  two  edges  of  the  apical  cell  are  directed  upwards  and 
downwards  (on  the  obliquely  ascending  shoot).  The  relationship  of  the  leaves  to 
the  segments  has  not  yet  been  entirely  made  out.  The  two  leaves  of  each  pair  arise 
obliquely,  one  above,  the  other  below,  and  alternately  right  and  left  where  the  pairs 
cross  obliquely,  by  the  outgrowth  of  zones  of  cells,  each  of  which  embraces  about  a 
fourth  of  the  circumference  of  the  stem.  Divisions  then  take  place  in  these  cells 
which  are  directed  obliquely  upwards  and  downwards,  and  a  row  of  apical  cells  is 
thus  formed,  by  means  of  which  the  growth  of  the  leaf  is  continued  (Fig.  336,  A). 
The  branching  of  the  shoot  is  effected  by  a  second  two-edged  apical  cell  being 
formed  from  the  youngest  segment  (Fig.  335,  C,  D),  a  wall  being  developed  in  it 
which  is  convex  to  the  existing  apical  cell  and  which  intersects  the  primary  wall 
below.     The  two  shoots  which  are  thus  formed  grow  right  and  left  of  the  previous 


direction  of  growth,  and  al!  the  successive  branchings  take  place  ii>  one  and  the 
same  plane. 

The  Rools.  All  the  species  of  Selaginella  possess  true  roots ;  but  in  some, 
as  S.  Martensii  and  Krausdana,  they  arise  on  a  structure  which  NSgeli  calls  the 
Rhisophore,  and  which  has  no  root-cap.  In  S.  Kraussiana  the  rhizophores  spring 
from  the  dorsal  side  of  the  stem,  nearly  at  the  base  of  the  weaker  of  each  pair  of 
branches,  curl  themselves  round  it,  and  then  grow  downwards;  it  is  only  rarely 
in  this  species  that  two  of  these  organs  arise  near  one  another,  S.  Martensii,  on  the 
other  hand,  forms  at  each  branching  two  rhizophores,  one  on  the  dorsal  and  one  on 
the  ventral  side  (the  plane  which  passes  through  them  is  perpendicular  to  the  plane 
of  branching),  but  usually  only  the.  ventral  one  undergoes  further  development,  while 
the  dorsal  generally  remains  in  the  form  of  a  small  protuberance.     The  rhizophores 
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arise  very  near  the  puncium  vegela/ionis,  probably  at  the  same  time  as  the  branches ; 
unlike  the  roots,  they  are  exogenous  structures,  which,  when  young,  possess  a 
distinct  apical  cell.  This  is  probably  two-sided  (it  is  four-sided  in  S.  Marlmsii), 
but  soon  ceases  to  form  new  segments,  the  further  growth  being  effected  by 
intercalary  division  of  the  segments  and  elongation  of  the  cells  which  proceed  from 
them.  After  the  cessation  of  the  apical  growth,  the  end  of  the  still  very  short 
rbizophore  swells  up  into  a  spherical  form;  its  cell-walls  become  thicker,  and  in 
the  interior  of  the  swelling  the  first  rudiments  of  ihsi  true  roots  originate,  which 
however  do  not  break  through  until  the  rbizophore  has  attained  such  a  length  by 
intercalary  growth  that  its  swollen  end  penetrates  into  the  ground.  The  cells  of  this 
terminal  part  become  disorganised  and  deliquesce  into  a  homogeneous  mucilage, 
through  which  the  true  roots  penetrate  into  the  ground.  The  rhizophores,  as  Pfeffer 
has  shown  (in  6'.  Marlensu,  inrnqualifoUa,  and  kvigatd),  are  often  transformed  into 
true  leafy  shoots,  which  at  first  show  some  deviations  from  the  normal  structure  in 
their  leaves,  but  afterwards  continue  to  grow  as  normal  shoots,  and  even  produce 
sporangiferous  spikes. 

In  Sdaginella  cuspidaia,  and  some  other  species,  there  are  no  rhizophores,  but 
roots  spring  immediately  from  the  places  nearest  the  ground  where  the  stem 
branches,  and,  like  the  rhizophores  of  S.  Mariensii,  they  branch  even  before  they 
reach  the  ground.  These  roots  are  also  formed  very  early,  near  the  puntlum  vege- 
tationis,  probably  at  the  same  time  as  the  branches  of  the  stem.  The  roots  which 
spring  immediately  from  the  stem,  as  well  as  those  which  proceed  from  the 
rhizophores,  branch  in  such  a  manner  that  the  planes  of  the  successive  branchings 
cross  one  another  at  right  angles.  The  branchings  of  Che  roots  follow  one  another 
very  quickly,  and  at  the  end  of  the  mother-root  are  densely  crowded;  the  apical  cell 
is  difficult  to  detect,  but  is  probably,  like  those  of  the  stem  and  of  the  rhizophore, 
two-sided  (four-sided  in  S.  Marle?isit).  It  soon  ceases  to  form  segments ;  the 
increase  of  length  of  each  branch  of  the  root  takes  place  therefore  almost  exclusively  . 
by  intercalary  growth.  Similar  phenomena  are  observable  in  the  roots  which . 
proceed  from  the  furrows  of  the  stem  of  Isoeks,  and  which  branch  (by  true 
dichotomy)  three  or  four  times  in  planes  at  right  angles  to  one  another.  Nageli 
and  Leitgeb  failed  to  find  in  them  any  apical  cell  distinguished  by  its  form  or  size, 
although  they  considered  the  existence  of  a  two-edged  apical  cell  probable  '.  (See 
Fig,  138,  after  Hofmeister.)  In  Iso^les  the  plane  of  the  first  dichotomy  is  parallel 
to  the  axis  of  the  stem,  in  Selaginella  {cuspidata  and  kvigata)  the  plane  of  branching 
is  at  right  angles  to  it. 

The  Sporangia  of  the  Ligulatse  are  of  considerable  size  in  proportion  to  the  leaf, 
and  are  borne  on  short  thick  stalks.  Each  fertile  leaf  bears  a  single  sporangium 
which  always  lies  below  the  ligula  either  on  the  leaf  itself  (Iso'ites),  or  in  its  axil,  or 
even  on  the  stem  (Selaginella). 

The  sporangia  of  hok'lss  are  sessile  in  the  fovea  of  the  leaf-sheath,  to  which 
they  are  attached  by  a  narrow  base  (Fig.  334,  A).  They  are  unquestionably 
products  of  the  leaves ;  the  outer  leaves  of  the  fertile  rosettes  produce  only  macro- 
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sporangia,  the  inner  ones  only  micros porangia,  the  former  containing  a  large  mimber 
of  macrospores.  Both  kinds  of  sporangia  are  imperfectly  chambered  by  bands  of 
tissue  (traheculd)  which  cross  from  the  ventral  to  the  dorsal  side.  The  sporangia  do 
not  dehisce,  but  the  spores  escape  by  the  decay  of  the  wall. 

In  the  Sdaginelka  the  sporangia  are  shortly  stalked  roundish  capsules.  The 
macro  sporangia  contain  usually  four,  less  often  two  or  eight  macrospores.  In  the 
division  of  Articulatse  the  lowermost  sporangium  only  of  a  spike  produces  macro- 
spores ;  in  the  other  divisions  there  are  several  macrosporangia.  The  sporangia  do 
not  take  origin,  as  Hofmeister's  older  accounts  would  seem  to  show,  from  single  cells 


of  the  epidermis,  but,  as  in  Lycopodium,  from  a  group  of  such  cells  (according  to 
GoebeP). 

The  sporangia  arise  on  the  growing-point  of  the  stem  immediately  above 
the  base  of  the  corresponding  leaves,  but  this  by  no  means  justifies  us  in  regarding 
them  as  cauline  organs  as  Russow  does.  Like  those  of  Lycopodiumy  they  at  first 
appear  as  flattened  protuberances  which  become  more  or  less  spheroidal  at  a  later 
period  and  finally  clavate.  At  a  later  period  the  sporangia  appear  to  be  inserted 
in  the  axil  of  the  leaves  or  on  their  base.     The  fibro-vascular  bundle  of  the  leaf  runs 
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beneath  the  sporangium  without  giving  off  a  branch  to  it.  By  repeated  divisions  of 
the  primary  cells  a  mass  of  tissue  is  formed  which  is  differentiated  into  an  outer  layer 
of  cells,  the  wall  of  the  sporangium,  and  an  internal  group  of  cells,  one  of  which  is 
the  archesporium ;  the  tapetum  (Fig.  337,  c)  is  formed  toward  the  free  surface  of  the 
sporangium,  from  cells  which  are  cut  off  from  the  archesporium,  and  it  is  completed 
toward  the  base  by  cells  which  are  cut  off  by  tangential  walls  from  the  cells  which 
surround  the  archesporium.  The  cells  forming  the  wail  also  undergo  division  by 
walls  parallel  to  the  surface,  and  thus  the  wall  of  the  sporangium  comes  to  consist  of 
two  layers  (Fig.  337,  a,  b).  The  mother-cells  of  the  spores  are  produced  by  repeated 
divisions  of  the  archesporial  cells.  These  cells  soon  become  isolated  and  round 
themselves  off,  and,  in  the  case  of  the  micro  sporangia,  they  all  divide,  after  an  indicated 
division  into  two,  into  four  tetrahedrally -placed  spores  which  retain  their  relative 
positions  until  they  reach  maturity  {Fig,  337,  £,g,  h).  In  the  macro  sporangia,  on 
the  other  hand,  one  of  the  mother-cells  grows  more  strongly  than  the  rest ;  it  divides 
and  gives  rise  lo  the  four  macrospores,  all  the 

other  mother-cells  remaining  undivided  but 

continuing  to  exist  (at  least  in  Selaginella 
inaqualifolid)  for  a  considerable  time.  The 
macrospores  are  arranged,  in  consequence 
of  the  mode  of  division  of  the  mother -cells, 
as  the  corners  of  a  tetrahedron,  an  arrange- 
ment which  persists  until  they  are  set  free. 
Very  commonly  weakly  macrospores  are  to  be 
found  in  otherwise  normal  spikes  of  sporangia. 
The  tapelum  persists  until  the  spores  are  ripe, 
whilst  in  the  case  of  Ferns  it  is  absorbed 
during  the  formation  of  the  spores. 

[In  the  case  of  IsoSks,  it  has  been  shown 
FIG.  33S.-A  n™i,  rip=  mjcrosporairginm  of  si!^  tiy  Tchistiakoff,  by  Hegelmaier,  and  by  Goe- 
■£^"y^S''.^w"«i:  *''"""''''"""'''''' ""'"''''^  be!,  that  the  sporangium  arises  from  a  group 
of  cells  at  the  base  of  the  leaf,  this  group 
including  cells  belonging  to  the  three  superficial  layers  of  their  tissue.  In  con- 
sequence of  cell-division  and  growth  the  sporangium  soon  appears  as  a  swelling 
in  the  fovea.  As  in  the  Selaginellese,  the  fibro- vascular  bundle  of  the  leaf  runs 
beneatli  the  sporangium  without  giving  off  a  branch  to  it.  The  most  deeply-placed 
cells  of  the  group  form  the  short  thick  stalk  of  the  sporangium ;  the  superfinal  layer 
forms  its  wall;  the  intermediate  layer  constitutes  the  archesporium,  from  which  the 
mother-cells  of  the  spores  as  well  as  the  trabeculse  are  derived.  In  the  micro- 
sporangium  the  archesporial  cells  elongate  and  are  divided  by  walls  parallel  to  the 
free  surface  of  the  sporangium,  and  thus  rows  of  cells  are  formed.  Of  these  rows 
some  undergo  no  further  change,  and  these  form  the  trabeculfe.  In  the  others 
either  single  cells  or  groups  of  cells  increase  in  size  and  become  divided  bj  both 
transverse  and  longitudinal  walls;  these  divisions  produce  a  tapetal  Kier  it  an  early 
stage  which  surrounds  each  group  of  spore-mother-cells.  The  differentiation  of  the 
macrosporangia  proceeds  in  much  the  same  manner,  but  here  the  sporogenous 
cells  of  the  archesporium  only  undergo  such  divisions  as  are  necessary  for  the 
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formation  of  the  fapetum,  the  remaining  cells  being  spore-mother-ce!ls.  The  tapetal 
cells  then  divide  by  transverse  and  longitudinal  walls,  so  that  the  spore-mother-cells 
come  to  lie  deeply  within  the  tissue  of  the  sporangium. 

In  the  macrosporangium  of  Isikies  each  spore-mother-cell  divides  to  form  four 
macrospores;  its  nucleus  divides  into  two  and  each  of  these  again  into  two,  before 
any  intervening  cell-wall  is  formed.  There  is  this  peculiarity  about  the  mode  of  the 
division,  that  the  protoplasm,  as  in  the  delevopment  of  the  spores  of  Anihoceros, 
begins  to  divide  he/ore  the  nucleus.  The  spore-mother-cells  of  the  microsporangium 
divide  in  a  different  manner,  [he  only  other  known  instance  of  the  kind  occurring  in 
the  pollen-mother- cells  of  Monocotyledons '.  In  them  the  nucleus  divides  into  two, 
and  this  is  followed  by  the  formation  of  a  cellulose  wall  between  the  two  cells :  the 
nucleus  of  each  of  these  then  divides,  and  a  wall  is  formed  between  the  resulting 
cells.  It  is  in  this  way  that  the  four  'special'  mother-cells  of  the  microspores 
are  produced.] 


Histology^.  In  the  SelaginelleEE,  to  which  group  the  following  remarks  more 
especially  apply,  the  epidermis  of  the  stem  consists  of  long  prosenchymatous  cells 
between  which  no  stomata  occur.  The  cells  of  the  epidermis  havcT  often  beautifully 
sinuous  lateral  walls,  and,  like  those  of  the  Ferns,  they  contain  chlorophyll  which 
occurs  in  these  ceils  as  well  as  in  the  cells  of  the  fundamental  tissue  of  the  leaf  in  the 
form  of  large  granules,  only  a  few  of  which  are  to  be  found  in  each  eel!  (Fig.  44),  The 
leaves  usually  possess  stomata  on  the  under  surface  only,  but  they  occur  on  both  surfaces 
of  the  small  leaves  of  S.  pubescens.  In  several  species  (such  as  S.  itenophylla  and  MarUnsii) 
single  epidermic  cells  occur  with  walls  so  thickened  that  the  lumen  is  almost  occluded. 
(Russow),  In  most  of  the  species  the  epidermis  of  the  upper  differs  from  that  of  the 
under  surface,  in  others  (S,  Galeotti,  Kraiusuma)  the  epidermis  of  the  two  surfaces  is 
of  the  same  nature. 

The  Fandamenlat  Tuiue  of  the  stem  consists,  as  in  Lyc<^odium,  of  elongated  cells 
with  septa  which  are  either  oblique  or  transverse :  these  cells  retain,  however,  their 
thin  walls  and  large  cavities,  in  contrast  to  what  is  usually  the  case  in  the  Lycopodieje, 
the  hypodermal  layers  only  becoming  thick-wailed  (Fig.  340).  It  appears  that  the  cells 
of  the  fundamental  tissue,  and  consequently  those  of  the  other  tissues  also,  are  capable 


■   [Strasburger,  Zellbildung  utid  Zelllhellung,  3rd  ed.,  18S0,  p.  167-] 
=  [For  further  details  see  De  Bary.  Vergleichende  Anatomie,  1877.] 
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of  long-continued  growth  both  in  length  and  in  circumference,  which  accounts  for  the 
intervals  between  the  leaves  of  old  stems  and  for  considerable  thickness  of  the  stems 
themselves,  a  fact  which  is  worthy  of  investigation  not  only  with  reference  to  these 
plants,  but  also  to  the  Lycopodie:e  and  many  Ferns.  It  is  a  striking  peculiarity  of  the 
Selaginellex  that  the  ground-tissue  (as  also  in  the  stem  of  Mosses)  presents  none  of 
the  usual  small  intercellular  spaces,  a  result  probably  of  the  prosenchymatous  arrange- 
ment of  the  cells,  This  is  compensated  for  by  the  development  of  a  large  air-cavity, 
which  everywhere  surrounds  each  fibro-vascular  bundle  of  the  stem  {Figs.  340  and  341). 
This  cavity  is  traversed  by  transverse  rows  qf  cells  forming  trabecula;  attached  to  the 
bundle :  if  the  cells  are  somewhat  rounded,  the  bundle  appears  to  be  surrounded  by 
a  loose  spongy  parenchyma  (Fig.  339),  which  is  sharply  defined  from  the  firm  compact 
ground-tissue.    The  ground-tissue  of  the  leaf  is  a  loose  spongy  parenchyma  containing 


chlorophyll ;  in  small  species  with  thin  leaves  this  tissue  is  developed  only  round  the 
single  fibro-vascular  bundle  traversing  the  leaf,  so  that  at  the  margins  the  epidermis  of 
the  upper  and  that  of  the  under  surface  corne  into  contact. 

The  Fibro-^ascuIar  Bundles,  one  or  more  of  which  traverse  the  stem,  are  cauSine, 
like  those  of  the  Lycopodieie.  They  can  be  traced  in  the  form  of  procambium  beyond 
the  youngest  leaves  up  into  the  apex  of  the  stem  to  close  beneath  the  apical  cell.  The 
separate  bundles  coming  from  the  leaves  become  united  with  the  cauUne  bundles  in 
these  plants,  as  in  the  Lycopodieae,  only  at  a  later  period.  In  their  composition  the 
fibro-vascular  bundles  resemble  those  of  the  true  Ferns.  They  have  usually  an  elon- 
gated elliptical  form.  The  xylem  is  central,  consisting  for  the  most  part  of  sealariform 
tracheides,  and  it  is  surrounded  by  the  thin-walled  phloem  [Figs.  339,  340).  The  very 
narrow  spiral  vessels  (Fig.  341)  which  are  the  primary  elements  of  the  xylem  lie  at  the 
ends  of  the  long  axis  of  the  bundle,  and  it  is  from  these  two  points  that  the  development 
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and  lignification  of  the  wider  tracheides  proceed  (Fij;.  339).  The  layer  of  phloem  which 
invests  the  xyleni  is  itself  surrounded  by  two  or  three  layers  of  parenchymatous  ceils, 
which  Russow  compares  to  the  phloem-sheath  of  the  Ferns,  but  which  must  at  any 
rate  be  regarded  as  forming  a  bundle-sheath  belonging  to  the  ground-tissue,  investing 
the  bundle  within  the  above-mentioned  air-cavity.  A  well-defined  sheathing  layer  com- 
posed of  cells  with  folded  lateral  walls  is  not  to  be  found  in  the  stem  or  in  the  leaves. 
In  the  latter,  the  fibro-vascuiar  bundles  are  delicate  and  of  simple  composition;  the 
xylem  consists  of  spiral  and  reticulated  tracheides,  and  it  is  invested  by  a  scanty  phloem. 
To  this  brief  description  must  be  added  a  few  words  with  respect  to  Isoi'tei.  The 
short  stem  of  the  m-iture  plant  contains  an  axial  woody  body  which  can  scarcely  be 
termed  a  bundle,  consisting  of  short  tracheides  loosely  united,  n'ith  spiral  or  reticulated 


thickening  bands,  and  of  delicate  parenchymatous  cells,  which  is  invested  by  a  layer 
of  clear,  shortly  prismatic  cells  with  large  but  delicate  pits  on  their  walls :  these  Russow 
considers  to  represent  the  phloem.  The  bundles  appear  to  be  built  upop  the  collateral 
type,  the  phloem  forming  a  continuous  ring  external  to  the  xflem.  The  fibro-vascular 
bundles  proceed,  one  into  each  of  the  very  numerous  leaves  (Fig.  jjj)  and  into  the 
roots.     The  stem  of  losetes  probably  does  not  possess  any  cauline  fibro-vascuiar  bundle  '- 

'  [Hegelmaier  (Bot.  Zeilg.  1874)  and  Bruchmann  (Jenaische  Zeitschrift,  1874!  are  of  opinion 
that  the  apical  porlion  of  the  fibro-vascular  body  is  really  a  cauline  bimdle.  De  Bary,  however  {loe. 
cil.),  does  not  accept  this  view.] 
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at  all,  it  would  appear  rither,  from  the  position  of  the  vessels,  that  the  axial  fibro- 
vascuiar  bod;  con'.ista  onlj  of  the  lower  (inner)  commencements  of  the  fohar  bundles, 
which  are  here  densely  crowded  In  the  same  manner  the  basal  disc-like  woody 
body  may  consist  only  of  the  densely  crowded  commencements  of  the  bundles  of  the 
roots  If  this  view  is  correct,  the  class  of  DiehotomeEE  presents  two  extremes,  one 
in  Piilolum,  where  the  foliai  development  is  small,  and  where  there  are,  according  to 
Nageli,  no  foliar  bundles,  but  the  elongated  stem  forms  a  fibro-vascular  bundle  belong- 
ing to  it  only,  the  other  in  Iiottei,  where  the  short  stem  possesses  no  cauline  fibro- 
vascular  bundle,  and  only  the  strongly  developed  leaves  have  one  each.  The  structure 
of  the  leaves  ot  Ijoelei  varies  according  as  the  species  grow  submerged  in  water,  in 
marshes,  or  on  dry  ground.  In  the  first  case  they  are  long  and  conical,  penetrated  by 
four  air-cavities  divided  by  septa  into  channels,  with  a  weak  fibro-vascular  bundle  in 
the  axis  of  the  organ,  and  the  epidermis  destitute  of  stomata;  in  the  second  case  they 
are  similar,  but  provided  with  stomata  and  strands  of  bypoderraal  fibres;  in  the  third 
case  the  epidermis  is  also  provided  with  stomata,  and  the  basal  portions  of  the  dead 
leaves  (phyllopodes)  for*  a  firm  black  coat  of  mail  round  the  stem.  The  ground- 
tissue  is  not  separated  from  the  single  fibro-vascular  bundle  traversing  the  leaf  by  a 
bundle-sheath ;  according  to  Russow  it  forms  sclerenchyina  under  the  epidermis  which 
is  usually  colourless,  in  huetei  Hystrlx,  and  dark  brown  sclerenchymatous  strands  which 
constittite  most  of  the  sheathing  portion  of  the  leaf. 

Subsequent  Continuous  Groiutb  in  Thickneu  of  the  Stem.  Outside  tlie  layer  of  clear 
tissue  (phloem)  which  surrounds  the  central  woody  mass  of  the  stem  of  Isoi'leJ  is  a 
layer  of  meristematic  cells  by  the  activity  of  which  the  stem  grows  in  thickness ;  it 
forms  phloem-cells  internally,  thus  adding  to  the  fibro-vascular  mass,  and  cortical  paren- 
chymatous tissue  on  its  outer  side.  The  cortical  tissue  is  formed  much  more  rapidly 
than  the  fibro-vascular,  and  thus,  in  an  old  stem,  the  cortex  is  the  preponderating  tissue. 
This  meristematic  layer  is  evidently  not  analogous  to  the  cambium  of  Dicotyledons  and 
Con  ters  inasmuch  as  it  forms  fibro  vascuKr  tissue  on  one  s  de  onlj  whereas  in  these 
groups  of  plants  the  cambium  forms  hbro  >\s  ular  tissues  on  both  surfaces  \)lem  in 
ternallj  and  phloem  externally  It  is  rather  to  be  compared  to  the  thickening  nig  of 
Dracana  an  I  other  arborescent  Liliaceae  lo  whch  a  continuois  gtowth  m  thickness 
of  the  -tem  occurs  Th  a  v  ew  is  supported  by  the  tact  that  soUted  bundles  are 
occasionallj  formed  by  this  meristematic  layer  in  the  stem  of  Jioetei  Tlus  Riissow 
says  that  he  found  lying  round  the  central  woody  mass  of  the  stem  ot  a  robust 
specimen  of  Isoetes  lacajtns,  but  separated  from  it  by  five  or  six  layers  of  cells  repre 
senting  soft  bast  xylem  bundles  (consisting  I  ke  the  central  xylem  of  shortly  fusiform 
cells  with  irregular  spiral  thiLkenmgs)  iniested  both  on  the  outside  and  on  the  inside 
by  tabular  cells  between  these  the  bundles  radnting  trom  the  central  woody  mass 
to  the  older  deid  lenes  are  d  sposed  No  connexion  (.ould  be  traced  bet  een  these 
bundles  and  either  leaves  or  roots 

A  similar  but  much  more  considerable  growth  m  thickness  by  means  ot  a  layer. of 
merislem  surrounding  the  axial  fibro-vascular  bundle  has  been  recently  shown  by  Pro- 
fessor Williamson  to  have  occurred  in  the  extinct  Lefidodendra  which  are  so  commonly 
present  in  the  Coal  Measures,  and  which  are  evidently  closely  allied  to  the  SelaginelleE. 
In  these  plants,  however,  if  I  rightly  interpret  Professor  Williamson's  account,  it  appears 
that  a  phellogen  layer  also  existed  at  the  periphery  of  the  stem  in  correlation  with  the 
considerable  growth  of  thickness  resulting  from  the  activity  of  the  internal  layer  of 
nieristem.  These  facts,  taken  in  connexion  with  the  probability  of  3  growth  in  thickness 
of  the  stem  of  Botiychium,  seem  to  indicate  that  this  growth  is  generally  wanting  in  the 
existing  Vascular  Cryptogams  because  they  are  less  highly  developed  than  their  remote 


[Professor  W,  C.  Williamson  has  contributed  the  following  note  on  the  Carbonifaroua  Lyco- 
podiaoeaa;— 'The  large  and  varied  group  of  the  Lycopodiaceous  pUnts  of  the  Coal  Measures  enhibifs 
£0  many  modifications  that  it  is  difficult  to  give  a  brief  atatemenl  of  their  characteristic  features.   But 
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so  far  as  the  Lepidodendroid  and  Sigillarian  fonns  are  concerned,  our  British  forms  all  exhibit  one 
type  of  intenial  organisation.  In  (he  very  young  state  each  twig  has  a  central  bundle  of  scalariform 
vessels  surrounded  by  a  "bark."  which  usually  exhibits  an  inner  parendiymatous  layer  surrounded  by 
a  more  proaenchj matous  one  wh  ch  is  agam  invested  b}  a  aeco  d  but  more  uneq  lal  [.arenchjms. 
This  prosenchyma  as  in  Calamita  increases  stead  ly  in  thicl-ness  as  the  growth  of  the  stem 
advances  until  it  appears  to  constitute  the  chief  t  ss  e  of  the  bark  Bundles  of  ve-scls  given 
off  by  the  central  vascular  ai  3  proceed  to  each  of  the  leivcs  As  the  twig  enlarges  the 
central  a\i5  almost  invariably  expands  nto  a  vascular  cylinder  its  interior  becoming  occupied 
b)  a  i-ellular  parendiyma  of  laige  sine  and  vrhith  now  occupies  the  position  and  exh  bits  (he 
appearance  of  a  true  medulla  The  paretichjma  of  the  leaves  aj.  pears  lo  be  an  estensioa  of 
the  outermost  parenchyma  of  the  hark  The  aloie  remirts  appear  lo  represent  the  common 
history  of  all  the  1  epidodendroid  plants  up  to  a  certain  stage  of  their  grow  th  Beyond  this  stage 
their  hiBtonea  vary  somenhat  in  the  iifferent  groip  In  some  forma  eg  those  to  whn-h  tie 
Halonla  belong  the  branches  attain  cons  derable  d  mensions  without  undeigo  ng  any  g  eat  change 
in  their  internal  organisation  ;  but  in  others  a  new  development  of  vascular  tissue  invests  the  ceDtral 
cylinder  at  a  period  which  seems  to  have  varied  in  different  species.  This  new  growth  takes  place 
in  successive  layers,  which  are  arranged  in  vertical  laminse  disposed  in  radiating  planes  separated,  by 
tracts  of  niuriform  parenchyma ;  successive  additions  are  made  to  the  outer  margins  of  the  woody 
wedges  previously  formed  through  the  agency  of  a  pseudo-cambial  layer  of  the  innermost  'bark.' 
These  exogenous  growths  continued  until  the  woody  zone  attained  to  a  great  thickness  in  the  larger 
trunks.  These  exogenous  layers  took  no  part  in  snpplying  the  leaves  with  vessels.  The  foliar 
bundles  invariably  pass  through  them  on  their  way  from  their  source  in  the  inner  non-radiated 
vascular  cylinder  to  the  leaves.  It  being  now  admitted  that  S/igmaria  was  the  general  form  of  root 
of  Lepidodendroid  and  Sigillarian  types  it  is  necessary  to  correlate  lis  tissues  with  those  of  the 
aerial  stem.  It  contains  a  "medulla"  snrrounded  by  a  cylinder  composed  of  radiating  vascular 
lamina  separated  by  cellular  rays,  and  enclosed  in  a  thick  "bark."  Large  vascular  bundles  are  given 
off  from  the  vascular  wedges  to  supply  the  rootlets.  Thus  the  structure  of  the  root  differs  from  that 
of  the  aerial  stem  in  two  ways,  (i)  The  inner  vascular  cylinder  of  the  latter,  characterised  by  the 
.  non-radiating  arrangement  of  its  vessels,  by  the  absence  of  "cellular  rays,"  and  by  the  numerous 
foliar  bundles  which  it  gives  off  to  the  leaves,  is  altogether  wanting  in  the  former,  (a)  On  the  other 
hand,  the  exogenous  zone  of  the  stem  is  prolonged  into  the  roots,  retaining  all  its  more  important 
features.  These  however  are  modified  in  two  ways — ist,  in  the  absence  of  small  passages  for  the 
transmission  of  foliar  bundles  of  vessels;  and,  2nd,  in  their  replacement  by  much  larger  spaces 
having  a  lenticular  section,  and  through  which  large  vascnlar  bundles,  directly  derived  by  enlar|^ng 
from  the  exogenous  laminje  themselves,  pass  outwards  to  the  sncculent  rootlets.  The  rootlets  of 
SHgmaria  ficoides,  which  equally  belong  to  Sigillaria  and  to  Lepidodendron,  have  a  very  remarkable 
interna!  organisation,  identical  with  that  which  is  characteristic  of  the  roots  of  recent  Lycopods, 
a  fact  which  affords  additional  confirmation  of  the  close  affinity  of  the  Sigillaria  and  the  Ltpi- 
dodendra.  That  Lepidosirobi  are  the  fruits  of  Lepidodendroid  plants  is  ceitain.  Equally  so  is  it 
that  many  of  the  foimer  produced  microspores  in  the  upper  sporangia  of  each  cone,  and  macro- 
spores  in  those  occupying  its  basal  end.  The  incalculable  myriads  of  these  microspores  found  in 
many  coals  render  it  probable  that  a  very  large  number  of  the  Lepidosirobi  possessed  both  kinds 
of  spores ;  indeed  it  is  far  from  certain  that  .any  of  them  did  otherwise.  In  the  great  majority 
of  cases  the  sporangia  of  these  fruits  are  shrivelled  and  empty,  the  spores  having  been  shed;  and 
this  renders  it  impossible  to  say  what  their  original  character  was'.'] 

'  [For  the  literature  of  the  Carboniferous  LycopodiacCEe  see  Brongniart,  Archives  du  Mus. 
d'Hist.  Nat.  vol.  I,  and  Joum.  Eot.  vol.  VII.  pp.  3-8.— King,  Edin.  New.  PhiL  joum.  vol.  XXXVI. 
. — Hoolier,  Mem.  Geol.  Surv.  vol.  II,— Carmthers,  Monthly  Mic.  Journ.  vol.  I.  pp.  1J7-181  and 
135-137  ;  Quart.  Joum.  Geol.  Soc.  vol.  XXV.  pp.  248-354.— Willmmson,  Phil.  Trans,  vol,  CLXII, 
pp.  197-240,  and  Phil.  Trans,  vol.  CLXXII.  Fart  II,  i83i.— Thiselton  Dyer,  Quart.  Journ.  Mic.Sc 
i8j3.PP-"5a-i5^-] 


vGooqIc 


485  PHANEROGAMS. 


GROUP   IV. 


.    PHANEROGAMS. 

The  Alfermtion  of  Generations  in  Phanerogams  is  concealed  in  the  formation 
of  the  Seed  which  at  least  m  its  earliest  stage,  consi^ti  of  three  parts  — (i)  The 
Tetla  which  is  a  part  of  the  mother  plant  (2)  The  Lnd  sp  rm '  and  (3)  The 
Emlrxo,  which  is  the  product  of  the  development  of  the  fertilised  oosphere 

In  Vascular  Cryptogams  we  ha\e  a!rea:I>  seen  the  sexual  ^eneraton  which 
results  duectl)  from  the  ipore  the  prothallium  losing  more  and  more  of  its  character 
as  an  independent  plant  In  the  Ferns  Equisetace^e  and  Opbioglossaceie  it  grows 
independent]}  of  the  spore  often  for  a  considerable  period  in  the  Rhizocarpe'e  and 
Ligulat'e  where  male  and  female  spores  are  formed,  it  arises  m  the  intenor  of  the 
spore,  the  female  prothallium  still  protruding  in  the  former  group  out  of  the  caviH 
of  the  macros[.ore  hut  remaining  united  with  it  while  in  Imeks  it  fills  up  the 
interor  of  the  macruspDre  as  a  mass  of  tissue  which  onlj  bursts  the  cell  wall  of 
the  spore  in  trder  to  ren  ler  the  archegonia  accessible  to  the  antherozo  ds  In  the 
CjcadeK  and  Coniferx  this  metamorphosis  is  carried  oni,  step  further  the  pro- 
thallium", which  IS  now  known  as  the  Endosperm,  remains  during  its  whole  existence 
enclosed  in  the  macrospore  or  Embr\o  su  it  produces  before  fertilisation  arche 
go  mum  like  structures  the  Corfascula  m  which  the  oospheres  arise  The  pro 
cesses  which  tat-e  fhte  in  the  embr\o  sac  of  Monocotjiedcns  and  Dicotyledons 
appear  somewhat  different  md  bear  a  greater  resemblance  to  what  takes  place  in 
the  macrospore  of  ^  laf^imlli.  In  th  s  genus,  besides  the  prothallium  which  pro 
duces  the  archegonia  llere  inse  suV  sequenti)  by  free  cell  formation  another  tissue 
which  fills  up  the  rest  of  the  space  of  the  macrospore  to  this  tissue  the  endosperm 
of  Mono  cot)  ledons  and  Dicotyledons  which  is  formed  bj  free  cell  formation  only 
after  fertilisation    appears    to    coirespond        If    therefore    the  embrjo  sac    li   the 

'  The  only  reason  wh>  the  npe  seerff.  of  mi  j  Dicotyledons  do  not  c  1  la  1  iny  endosperm  is 
because  it  has  already  been  absorbed  aiid  supplanted  by  the  rapidly  growing  embryo  before  the  seeds 
become  ripe;  while  in  others  this  absorption  happens  only  on  geiminalion  after  the  ripening  of 
the  seeds,  i.e.  on  the  unfolding  of  the  embryo  1  more  rarely  the  formation  of  endosperm  is  from 
the  first  rudimentary. 

■  The  analt^y  of  the  endosperm  with  the  prothallium  of  the  higher  Cryptogams  was  first  shown 
by  Hofmeister  (Vergleich.  Untersuch.  1851},  tGermination,  Development,  and  J'ructification  of  the 
Higher  Cryptogamia,  Ray  Soc.  JS62,  p.  4385. 

^  Compare  Pfeffer  in  Hanstein's  Botanical  Dissertations,  Heft.  IV.  p.  34.  The  '  Antipodal 
Cells'  in  the  embryo-sac  of  Angiosperms  may  probably  be  considered  as  a  rudiment  of  the  true 
prothallium.  [According  to  Strasburger  (Augiospermen  und  Gymnospermen.  1879)  not  only  the 
antipodal  cells  and  ihe  egg-apparatus,  but  also  the  endosperm  of  the  embryo-sac  of  Angiosperms, 
represent  the  prothallium  (endosperm)  of  the  Gymnosperms  and  of  the  Vascular  Cryptogams.  This 
view  leaves  the  'endosperm'  of  Silaj^inella  without  any  representative  in  other  groups  of  plants. 
Goebel  has  however  expressed  the  opinion  (Bot.  Zeitg,  1880)  that  the  eiwlosperm  of  Sdagimlla 
corresponds  10  the  antipodal  cells  of  Angiospetnis.] 
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representative  of  the  macrospore,  that  part  of  the  ovule  in  which  the  embryo-sac 
arises  (the  nucellus)  must  be  considered  the  equivalent  of  the  macrosporangium. 
But,  as  in  the  formatJon  ef  the  ovules  of  Monocotyledons  and  Dicotyledons,  certain 
processes  of  development  (the  formation  of  the  archegonia  or  '  corpuscula '),  being 
no  longer  necessary,  are  suppressed,  and  the  oosphere  is  immediately  produced 
within  the  embryo-sac  as  the  analogue  of  the  macrospore,  so  also  the  production 
of  the  embryo-sac  immediately  from  the  tissue  of  the  nucellus  of  the  ovule  is  more 
direct.  Its  production  is  due  to  the  increase  in  size  of  an  inner  cell  of  the  nucellus 
which  here  represents  the  sporangium.  But  while  even  in  the  most  highly  developed 
Cryptogams  the  macrospore  still  becomes  detached  from  the  mother-plant,  and  the 
full  development  of  the  prothallium  takes  place  only  after  the  dissemination  of  the 
spores,  so  that  the  embryo  always  arises  in  structures  distinct  from  those  of  the 
mother-plant,  the  embryo-sac  (or  macrospore)  of  all  Phanerogams  remains,  on 
the  contrary,  enclosed  in  the  ovule,  the  endosperm  in  die  embryo-sac,  and  the 
embryo  in  the  endosperm.  In  this  manner  arises  that  structure  peculiar  to  Phane- 
rogams, the  Seed,  the  testa  of  which,  the  product  of  the  envelopes  of  the  ovule, 
closely  invests  both  endosperm  and  embryo.  The  whole  becomes  separated  from 
the  mother  plant  after  the  emhr)0  has  atta  ned  a  certa  n  \erj  vuiable  degree  of 
de  el  pment  Germ  nation  conMsts  m  the  fur  her  development  of  the  en  brjo  at 
the  expense  of  the  endosperm 

If  on  the  other  han  1  the  m  cro  prres  of  5'  hg  ntlli  and  Is  ties  ■ire  compared 
with  the  pollen  grains  of  Phanerogams  a  series  of  analogies  is  af,am  seen  ish  ch  be 
comes  intelligible  on  comparing  the  intermediate  phenomena  presented, b}  G\mno 
sperms  Indentions  of  the  male  prothallium  and  anthend  um  are  indicated  as 
Milhrdet  and  Pfefler  hive  shown  bj  certam  cell  divisions  which  mav  also  be  recog 
nised  in  a  simpler  form  m  the  joUen  gran  of  Gjmnosperms  and  in  a  still  simpler 
form  in  those  of  \ngiospprms  Like  the  m  rospures  the  pollen  grains  contain  the 
male  fertilising  subistince  which  pas  ng  into  the  oosphere  causes  it  to  develope  the 
embryo  but  a  great  d  fference  is  dsplajed  iti  the  mode  in  v^hich  the  fert  hsing 
fubstance  isconvejcd  In  Cr)ptogims  the  fertil  smg  substance  takes  the  form  of 
antherozoidu  endowed  viith  mot  on  and  adapted  to  force  them'ielves  with  the 
assistance  of  water  into  the  oos[.here  through  the  open  neck  cf  tfe  arche£,onmm 
In  Phanerogams  where  the  oosphere  is  ei  closed  in  the  embryo  sac  and  ovule  and 
m  Angiosperms  bj  the  wall  of  the  ovary  m  idd  tion  such  i  convevance  of  the 
fenlising  substance  would  not  serve  the  purpose  mtended  the  pollen  grains  are 
therefore  themselves  convejed  to  the  ovule  bj  fore  gn  agenues  such  as  the  V5in"l 
mechanical  contr  ances  m  the  flo  vers  and  espec  all}  m  ects  and  then  germ  nating 
1  ke  spores  thev  em  t  tl  eir  pollen  tubes  w  h  ch  penetrating  tl  rouj,h  the  t  ssue  of  the 
ovule  finallj  reach  the  embrjo  sac  and  transmit  the  fert  1  ing  substance  to  the 
oosphere  The  analogy  ot  pollen  gra  ns  to  spores  becomes  st  11  more  evident  when 
we  examme  the  mode  of  origin  of  both.  The  mass  of  tissue  in  which  the  pollen  is 
formed,  the  pollen-sac,  shows,  not  only  in  its  morphological  but  also  in  its  anatomical 
relationships,  a  striking  resemblance  to  the  sporangium  of  Vascular  Cryptogams, 
As  in  the  latter  the  spore-mother- cells  are  formed  by  the  isolation  of  cells  previously 
combined,  so  also  are  the  mother-cells  of  the  pollen ;  and  as  the  former  themselves 
usually  produce  the  spores  by  division  into  four,  after   previous  indication  of  a 
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bipartition,  the  pollen-cells  are  produced  from  their  mother-cells  in  a  similar  manner. 
Moreover,  in  the  points  here  indicated  Gymnosperms  again  appear  as  a  connecting 
link  between  Cryptogams  and  Angiosperms;  the  pollen-sacs  of  CycadcEe  and  of 
some  Coniferse  closely  resembling,  in  form  and  position,  the  sporangia  of  some 
Vascular  Cryptogams. 

The  general  result  of  these  observations  is  that  the  Phanerogam,  with  its 
pollen-grains  and  its  embryo-sacs,  is  equivalent  to  the  spore-producing  (asexual) 
generation  (Sporophore)  of  the  Vascular  Cryptogams.  But  as  in  Vascular  Cryp- 
togams the  sexual  differentiation  first  makes  its  appearance  (in  Ferns  and  Equise- 
tace^)  in  the  prothallium  only,  and  next  (in  Rhizocarpere  and  LigulatEc)  in  the 
spores  themselves,  so,  in  Phanerogams,  this  process  is  carried  back  a  step  further, 
the  sexual  differentiation  arises  still  earlier,  being  manifested  not  only  in  the  forma- 
tion of  embryo-sac  and  pollen-grains,  but  also  in  the  difference  between  ovule  and 
pollen-sac,  and  between  the  leaves  bearing  them  (carpels  and  stamens),  and  even 
earlier  in  the  distinction  between  male  and  female  flowers,  and  last  of  all  in  the 
dioscious  condition  of  the  plants  themselves'.  [The  sexual  generation  (Oophore) 
is  represented  in  the  pollen-grains  (microspores)  by  the  formation  of  cells  within 
them  which  correspond  to  a  male  prothallium,  and  in  the  embryo-sac  (macrospore) 
by  the  formation  of  the  egg-apparatus,  antipodal  cells,  and  endosperm,  which  together 
correspond  to  a  female  prothallium.  A  distinct  aliernation  of  generations  can  there- 
fore be  traced  in  the  life-history  of  a  Phanerogam.] 

The  fertilised  oosphere  of  Phanerogams  produces  a  Suspensor,  growing  towards 
the  base  of  the  embryo-sac  and  dividing,  a  structure  which  we  have  already  met  with 
in  Selagindla,  on  the  apex  of  which  there  is  a  mass  of  tissue  at  first  almost  globular, 
which  is  the  embryo.  The  development  of  the  embryo  usually  proceeds,  even 
before  the  maturity  of  the  seed,  to  such  an  extent  that  the  first  leaves,  the  primary 
axis,  and  the  first  root,  can  be  clearly  distinguished.  It  is  only  in  parasites  and 
saprophytes  devoid  of  chlorophyll  that  the  embryo  usually  remains  rudimentary  until 
the  dissemination  of  the  seeds  without  discernible  external  differentiation;  while 
in  those  Phanerogams  which  contain  chlorophyll  the  embryo  not  unfrequently 
attains  a  very  considerable  size  and  external  differentiation  (as  in  Pinus,  Zea, 
^sculus,  Quercus,  Fagus,  Pkaseolus,  &c.)  Independently  of  any  curving  of  the 
embryo,  the  primary  apex  of  its  stem  always  lies  originally  pointing  towards  the 
bottom  of  the  embryo-sac  (the  base,  chalaza,  of  the  ovule) ;  the  first  root  (primary 
root)  coincides  with  a  posterior  prolongation  of  the  primary  stem ;  it  faces  the  apex 
(micropylar  end)  of  the  embryo-sac,  and  is  of  distinctly  endogenous  origin,  inasmuch 
as  its  first  rudiment  at  the  posterior  end  of  the  embryo  is  covered  by  the  nearest 
cells  of  the  suspensor. 

The  apical  cell  of  the  punclum  vigelationis,  which  is  easily  recognised  in  many  Algfe, 
in  Charace^,  Muscine»,  Ferns,  Equisetace^,  and  Rhizocarpeje,  as  the  primary  mother- 
cell  of  the  tissue,  has  already,  as  we  have  seen,  been  replaced  by  a  small-celled 
primary  meristem  in  the  Lycopodiacese.  The  apical  growth  of  the  axes,  leaves,  and 
roots  of  Phanerogams  also  can  no  longer  be  referred  to  (he  activity  of  a  single  apical 
cell  from  which  the  whole  primary  meristem  has  proceeded.     Even  in  those  cases 


'  Compare  what  is  said  on  Dichogamy  in  Book  III. 
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where  a  single  cell  (not,  however,  of  preponderating  size)  occupies  the  apex,  and  the 
arrangement  of  the  superficial  cells  of  the  pmclum  vegeiatioms  appears  to  point  to  it 
as  the  primary  mother-cell,  it  is  nevertheless  by  no  means  to  be  assumed  that  all  the 
cells,  and  especially  the  internal  mass  of  the  primary  meristem.  have  proceeded  from 
it.  The  primary  meristem  of  the  punclum  vegelaiimis  consists  of  a  large  number  of 
usually  very  small  cells,  more  or  less  evidently  disposed  in  concentric  layers;  an 
outer  single  layer,  the  derinalogen,  may  be  recognised  in  Angiosperms  as  the  imme- 
diate continuation  of  the  epidermis  of  the  older  parts,  and  is  continuous  even  over 
the  apex  of  the  punclum  mgetalionts.  Beneath  it  lies  a  second  meristematic  tissue, 
[the  peribUm\  consisting  usually  of  a  few  layers  of  cells,  which  covers  the  apex  and 
passes  lower  down  into  the  cortex  ;  this  envelopes  a  third  inner  mass  of  tissue,  [the 
pUrome\  terminating  beneath  the  apex  as  a  single  cell '  (Hippuris,  &c.)  or  as  a  group 
of  cells ;  and  out  of  it  proceeds  either  an  axial  fibro-vascular  body  (in  roots,  and  in 
the  stems  of  water-plants),  or  the  descending  limb  of  the  fibro-vascular  bundles.  In 
harmony  with  this  the  root-cap  does  not  proceed,  as  in  Cryptogams,  from  transverse 
divisions  of  an  apical  cell,  but  arises,  on  the  contrary,  in  Gymnosperms  from  a 
luxuriant  growth  of  the  layers  of  periblem  of  the  root  and  from  their  splitting  away 
towards  the  apex,  and  in  Angiosperms  from  a  similar  process  in  the  dqrmatogen, 
or  from  a  special  meristematic  layer  the  calypirogen"^.  Even  the  first  rudiments  of 
lateral  structures,  leaves,  shoots,  and  roots,  cannot  be  (raced  back  in  Phanerogams 
to  a  single  cell  in  the  same  sense  as  in  Cryptogams.  They  are  first  observable  as 
protuberances  consisting  of  a  few  or  a  larger  number  of  small  cells  ;  the  protuberance 
which  is  to  form  a  shoot  or  a  leaf  shows,  even  when  it  first  begins  to  swell,  an  inner 
mass  of  tissue  which  is  connected  with  the  periblem  of  the  generating  vegetative 
cone,  and  is  covered,  over  by  a  continuation  of  the  dermatogen. 

The  normal  Mode  of  Branching  at  the  growing  end  of  the  shoot,  leaves,  and 
roots,  is,  with  few  exceptions,  monopodial :  the  generating  axis  continues  to  grow 
as  such,  and  produces  lateral  members  {shoots,  lateral  leaf- branchings,  lateral  roots) 
beneath  its  apex.  Some  cymose  inflorescences  appear  however  to  be  the  result  of 
dichotomous  branching,  and  it  is  possible  that  in  the  Cycadere  also  the  branching 
of  the  stem  and  leaves  may  be  dichotomous.  The  monopodial  branching  of  the 
axes  is  usually  axillary;  ;.  e.  the  new  rudiments  of  shoots  appear  above  the  median 
plane  of  very  young  (but  not  necessarily  the  youngest)  leaves,  in  the  angle  which 
they  form  with  the  shoot,  or  somewhat  above  it.  In  Gymnosperms  every  axil  of 
a  leaf  does  not  usually  produce  a  shoot ;  sometimes  (in  CycadcK),  the  branching 
of  the  stem,  as  in  many  FilicineEc,  is  reduced  to  a  minimum.  In  Angiosperms,  on 
the  contrary,  it  is  the  rule  that  every  axil  of  a  foliage-leaf  (?*.  e.  one  not  belonging  to 
the  flower)  produces  a  lateral  shoot  (sometimes  even  several  side  by  side  or  one 
above  another);  but  commonly  the  axillary  buds,  once  formed,  are  inactive,  or 
develope  only  at  later  periods  of  vegetation.     In  addition  to  the  above-mentioned 

'  As  in  EO  many  other  respects,  here  also  /so»«  shows  an  affinity  to  Phanerogams,  as  is 
evident  from  Nitgeli.andSchwendeiier's  researches  on  the  apical  gron-th  of  roots.  (Compare  Nageli's 
Beitragen,  1867.  Heft.  IV,  p.  136.) 

=  See  Hanstein,  Bot.  Abhandl.  Heft  I,  and  Reinke,  Gttftinger  Nachr.  i87i,p.533.  [Janciewslti. 
L'accroissement  terminal  des  Racines,  Mem.  soc  naf,  de  Sd.  de  Cherbourg,  1S74,  and  Ann.  d.  Sci. 
nat.ser.6,t.XX.] 
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cases  of  apparent  dichotomy,  there  are  in  Angiosperms,  only  a  few  cases  of  actual  or 
apparent  extra-axillary  branching,  which  will  be  mentioned  when  discussing  the 
characteristic  features  of  this  class. 

Phanerogams  are  distinguished  from  Cryptogams  by  an  extraordinarily  varied 
and  complete  metamorphosis  of  members  bearing  the  same  name ;  and  this  is  con- 
nected with  the  almost  infinite  variety  in  the  mode  of  life,  and  the  more  marked 
differentiation  of  the  physiological  functions  of  these  plants ;  and  the  same  is  the 
case  with  the  differentiation  of  tissues,  which  in  Phanerogams  greatly  exceeds  even 
that  of  Ferns.  In  these  respects  also  Gymnosperms  assume  an  intermediate 
position  between  Cryptogams  and  the  rest  of  Phanerogams. 

What  has  now  been  said  will  serve  to  explain  on  one  hand  the  distinction  between 
Vascular  Cryptogams  and  Phanerogams,  on  the  other  hand  the  points  in  which  they 
agree,  and  the  affinity  of  the  two  groups  in  their  main  outlines.  In  order,  however,  to 
facilitate  the  comprehension  by  the  student  of  the  characteristics  of  the  separate  classes 
of  Phanerogams  which  are  now  to  be  described,  we  must  in  the  first  place  keep  in 
view  a  few  of  their  peculiarities,  which  have  at  present  only  been  briefly  touched  upon, 
and  attempt  to  settle  the  nomenclature,  which  has  become  to  some  extent  obsolete 
and  out  of  harmony  with  the  most  recent  theories. 

The  Floiver,  in  the  broadest  sense  of  the  term,  is  composed  of  modified  foliar  organs 
and  of  an  axis  which  bears  them.  [The  most  highly  modified  leaves  of  the  flower  are 
the  stameni  and  the  carpels:  these  so-called  'sexual  organs'  are  really  spore-bearing 
organs,  comparable  to  the  spore-producing  leaves  of  the  Vascular  Cryptogams.]  When 
the  leaves  which  stand  immediately  beneath  the  sexual  organs  on  the  same  axis  differ 
from  the  rest  of  the  leaves  of  the  plant  in  their  arrangement,  form,  colour,  or  structure, 
and  are  physiologicaliy  connected  with  fertilisation  and  its  results,  they  are  considered  as 
belonging  to  the  flower,  and  are  termed  collectively  the  Floral  Leaves  or  Perianth. 
The  separate  flowers  are  distinguished  from  the  Inflorescence  by  including,  together 
with  their  sexual  organs  and  perianth,  only  one  axis,  while  the  inflorescence  is  an  axial 
system  with  more  than  one  flower'.  ROper  has  termed  the  tout  ensemble  of  the  male 
sexual  organs  of  a  flower  the  Jndrmcium,  that  of  the  female  organs  the  Gynmceutn. 
When  a  flower  contains  sexual  organs  of  both  kinds  it  is  called  hermaphrodite  or  bisevual; 
if  it  contains  only  male  or  onlj  female  sexual  organs,  ind  is  therefore  unisexual,  it  is  termed 
diclinoui;  when  flowers  of  both  seies  occur  on  the  same  mdiiiduai  plant,  the  species 
is  monmc'iBui,  when  on  different  individuals  it  is  duscwus  Usually  the  apical  growth 
of  the  floral  axis  ceases  as  soon  as  the  sevual  organs  make  their  appearance,  and  fre- 
quently even  earlier ;  the  ape\  of  the  floral  axis  is  then  conce,iled,  and  is  often  deeply 
depressed  in  the  centre  of  the  flower  ,  but  in  abnormal  eases  (and  normall)  in  Cjcaij  the 
apical  growth  of  the  floral  axis  re-commences,  aga  n  produces  leases,  and  sometmies 
even  a  new  flower,  and  a  Proliferous  Floner  is  thus  produced  The  sexual  organs 
and  perianth  of  a  flower  are  usuallj  crowded  (arranged  in  rosettes  either  spinlly  or 
in  whorls);  the  part  of  the  floial  axis  which  bears  them  remains  very  short,  no  mter- 
nodes  being  in  general  distinguishable  m  it ,  and  it  not  unfrequentlj  expands  into  the 
form  of  a  club  or  disc,  or  becomes  hollow,  and  this  part  ot  the  floral  axis  is  called  the 
Tonii  or  Rtceptacle.  In  Conifer:e  jnd  Cjcade^  (occa'iionally  also  m  Angiospermsl,  it 
is  however  sometimes  elongated  to  such  an  extent  that  the  sexual  organs  appear  loosely 
arranged  along  an  axis  in  the  form  of  a  spike.     Beneath  the  receptacle  the  axis  is  mostly 

'  In  some  cases  it  is  however  difficult  to  distinguish  between  a  flower  and  an  inflorescence; 
as  in  some  Conifers,  and  especially  in  Euphorbia,  ifia  the  latter,  see  Warming  in  Flora,  1870, 
no.  25  ;  Schmit!,  do.  i8;i,  nos.  tj,  28;  and  Hieron)iniis,  Bot.  Zeitg.  1872,  no.  12.)  [E.  Waiming, 
Er  Koppenhos  Vorteraaelken  en  Blomsl  tiler  en  Blomstersland,  Kobenhara  1871.] 
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elongated  and  more  slender,  either  entirelj'  naked  or  bearing  one  or  two  small  leaves  or 
Bracteoles.  This  part  of  the  axis  is  the  Peduncle ;  if  It  is  very  short,  the  flower  is  said  to 
be  sessile  No  shoots  usually  ariie  from  the  a^ils  of  the  floral  leaves  even  when  they 
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the  heading  of  the  separate  classes;  at  present  we  must  however  premise  a  few  facts 
relative  to  the  morphological  nature  of  the  pollen-sac.  Like  the  sporangia  of  most 
Vascular  Cryptogams,  the  pollen-saes  of  Phanerogams  are  usually  products  of  the  leaves, 
which  however  mostly  undergo  in  this  case  a  striking  metamorphosis,  remaining  much 
smaller  than  all  the  other  leaves,  A  leaf  which  bears  pollen-sacs  may  be  termed  a 
Staminal  Leaf  or  Stamen;  the  most  recent  researches  have,  however,  shown  cases  in 
which  the  pollen-sacs  arise  on  the  elongated  floral  axis  itself,  as  iVIagnus  has  illustrated 
in  the  case  oiNaias,  Kaufmann  in  Caiuarina,  and  Rohrbach  in  Typha;  in  these  cases  It 
is  still  doubtful  whether  the  pollen-sacs  may  not  be  the  only  surviving  portions  of 
otherwise  completely  abortive  staminal  leaves  ^  In  the  Cycadere  the  pollen-sacs  grow 
singly  or  in  groups  on  the  under  side  of  the  relatively  large  stamens,  often  in  large 
numbers,  resembling  in  position  the  sporangia  on  Fern-leaves,  In  the  ConiferEE  the 
stamens  have  still  more  lost  the  appearance  of  ordinary  leaves;  they  remain  small,  and 
form  several  or  only  two  relatively  large  pollen-sacs  on  the  under  side  of  the  lamina 
which  is  still  distinctly  developed.  In  Angiosperms  tie  stamen  is  usually  reduced  to  a 
slender  weak  and  often  very  long  stalk  called  the  Filament,  bearing  two  pairs  of  pollen- 
sacs  at  its  upper  end  or  on  both  sides  beneath  the  apex,  which  are  included  as  a  whole 
under  the  term  Anther;  the  anther  therefore  usually  consists  of  two  longitudinal  halves, 
united  and  at  the  same  time  separated  by  a  part  of  the  filament  termed  the  Connective, 
The  two  pollen-sacs  of  each  half  of  the  anther  are  contiguous  throughout  their  length, 
and  frequently  both  halves  of  the  anther  are  in  close  apposition.  The  separate  pollen- 
sacs  then  appear  as  compartments  of  the  anther,  which  is  in  this  case  quadrilocular,  in 
contrast  to  those  anthers  (of  rare  occurrence)  In  which  each  half  contains  only  a  single 
pollen-sac,  and  which  are  therefore  bilocular. 

The  female  spore  or  Embrjo-iac,  the  analogue  of  the  macrospore,  is  usually  derived 
from  a  hypodermal  cell  of  the  nucellus  of  the  ovule,  which  must  be  regarded  as  the 
archesporium,  the  ovule  itself  corresponding  to  the  macrosporangium  of  the  hetero- 
sporous  Vascular  Cryptogams'.     The  nucellus  is  a  small-celled  mass  of  tissue  of  usually 


»  [Warming,  Unters.  ub.  Polienbildende  rhyllome  nnd  Caulome,  in  Hanslein's  Bot.  Atihandl.  11. 
1870:  also  Goebel,  i<M.  oV.] 

'  [For  instances  of  the  production  of  pollen-grains  in  abnormal  positions,  even  in  ovaries  or  in 
the  ovules  themselves,  see  Maslers,  Vegetable  Teratology,  Ray  Soc.  London  1869,  pp.  181-18S.] 

'  [See  Strasbnrger,  Angiospermen  und  Gymnospermen,  iSjg  ;  and  Goebel,  toe  cil.'] 
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■  ovoid  form,  and  enclosed,  with  a  few  exceptions,  in  one  or  two  envelopes,  each  of 
which  consists  of  several  layers  of  tissue.  These  envelopes  or  Integuments  grow  round 
the  young  nueellus  from  its  base  (the  chalaza),  md  form  at  its  apex — where  they  ap- 
proach and  often  greatly  overtop  it — a  canal-!ike  entrance,  the  MUrtfyte  or  Foramen, 
through  which  the  pollen-tube  forces  its  way,  in  order  to  reiich  the  apex  of  the  embryo- 
sac.  Very  commonly  the  nueellus,  enclosed  in  its  integuments,  is  seated  on  a  stalk,  the 
Funiculus ;  but  this  is  sometimes  wanting,  and  the  ovule  is  then  said  to  be  sessile  ;  the 
point  of  attachment  of  the  ovule  to  the  funiculus  is  termed  the  hilum.  The  funiculus 
is,  with  a  few  exceptions  (Orchideie),  penetrated  by  an  axial  fibro -vascular  bundle  which 
usually  ceases  at  the  base  of  the  nueellus.  The  external  form  of  the  ovule  when  in  a  state 
for  fertilisation  iS  very  various.  Independently  of  outgrowths  of  various  kinds  at  the 
funiculus  and  the  integuments,  the  direction  of  the  micelius  (together  with  its  coats), 
with  respect  to  the  funiculus,  is  of  especial  importance.  The  ovule  is  orthotropaus  when 
the  nueellus  lies  in  the  same  straight  line  as  the   hi  d     hal  hi  d 

in  position,  and  the  apex  of  the  nueellus  is  the  apex    t  tl         t  1       M    h  m 

frequently  the   ovule  is  analropous,  i.e.  the  apex  of  th  11  d   tl       t         th 

micropyle  which  projects  beyond  it,  lies  close  to  th    h  1   m    th      hi        be    g     t  tl 
opposite  end,  and  the  funiculus  runs  along  the  side     f  th  II       <io  th  t  th  1 

appears  as  if  sharply  curved  at  its  base ;  the  integume  t   (       1 1     t  th       t  1  h 

united  in  growth  with  the  ascending  funiculus,  which 

t    med  the  Rapiv     th  II       tsell  b 

n    n       th         mpyl      p  I  1         h         th 

u      d      t    ap      1  part        d  th      f  n 

g  th       at     t     base       Th  h 

u    ted  by  t    n   t  o     1     tat         Th     p!         1 
PI         a      nd  I   1  ng     to  th  t  th     fl 

th   n  el  Th    pi    e  tEe    ft      d        t    h 

mo  e     omn    nly  th  y  p  oj     t  1  k  h  d        j   th         ss  th       pp  f 

spe    al  o  gan      fi  ally  be     m    g  d  t     1  ed  f    m  th         rr       d    g  t  ss  "W  h  I       ft 

fe  1 1   at  o     b  th  th    end    p  rm      d  th         br)  d    g      g     m  It  dip 

ment  in  the  embryo-sac,  the  former  most  cooimonly  mereases  considerably  in  size,  and 
supplants  the  surrounding  layers  of  tissue  of  the  nueellus  (sometimes  even  of  the  inner 
integument) ;  and  the  tissue  of  the  integument  which  is  not  displaced,  or  usually  only 
certain  definite  layers  of  it,  becomes  then  developed  into  the  lesta.  If  a  portion  of 
the  tissue  of  the  nueellus,  filled  with  food-materials,  remains  unchanged  until  the  seed 
is  ripe,  it  is  distinguished  as  the  Periiperm ;  its  food-materials,  although  lying  outside  th» 
embryo-sac,  are  consumed  by  the  embryo  during  germination  ;  and  the  perisperm  may 
then  act  physiologically  as  the  representative  of  the  endosperm^.  The  seeds  of 
Piperacere,  Zingiberaceas,  and  some  Nymphseace^  contain  both  endosperm  and  peri- 
sperm. Sometimes  the  ovule,  during  the  period  of  its  development  into  a  seed,  is 
enveloped  from  below  by  a  new  coating,  which  usually  itself  surrounds  the  tough  testa  as 
a  soil  mantle,  and  is  termed  the  Aril.  Of  this  nature  is  the  red  pulp  which  surrounds 
the  hard-shelled  seed  of  the  Yew ;  and  the  origin  is  the  same  of  the  so-called  '  mace '  of 
the  nutmeg,  the  seed  of  Myristlcafragrans. 

If  we  now  turn  our  attention  to  the  morphologfcal  nature  of  those  structures  from 
which  the  ovule  immediately  springs,  we  find  a  considerable  variety.  Only  rarely  does 
the  orthotropous  ovule  appear  as  the  prolongation  or  terminal  structure  of  the.  floral 
axis  itself,  so  that  the  nueellus  forms  directly  the  vegetative  cone  of  the  latter,  as  in 
laxus  and  the  PolygonaceiE,  It  is  more  usual  for  the  ovule  to  grow  laterally  on  the 
floral  axis,  thus  corresponding  in  position  to  a  leaf,  as  in  Juniperus,  PrimulacesE,  and 

'  [The  endpspcrm  and  perisperm  are  generally  both  included  in  English  text-books  nnder  the 
term  '  albumen,'  a  term  which  should  by  all  means  be  avoided,  as  conveying  the  idea  of  a  definite 
chemical  composition,  whereas  that  of  the  endosperm  varies  greatly.] 
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CompositEe,  But  the  most  common  case  is  where  the  ovules  spring  from  undoubted 
leaves — the  carpels— and  usually  from  their  margin,  like  pinnse  from  the  leaf  (this  is  very 
clear,  e.g.  in  Q'cas),  more  rarely  from  tteir  upper  (or  inner)  surface  (as  in  Bvlomuj, 
Akebia,  Nymphcea,  &e.).  If  the  ordinary  morphological  definitions  are  applied  to  these 
relationships,  we  should  have  in  the  first-named  case  ovules  of  an  axial  nature,  or  they 
would  be  metamorphosed  caulomes';  where  they  spring  laterally  from  the  axis,  they 
would  have  to  be  considered  as  metamorphosed  entire  leaves ;  and  where  they  proceed 
laterally  from  the  margins  of  carpellary  leaves,  as  metamorphosed  pinnx.  For  those 
ovules  which  spring  from  the  surface  of  carpels  there  is  no  clear  analogy  with  any 
purely  vegetative  structures  (/  e  with  any  that  do  not  subserve  the  purpose  of  fertilisa- 
tion) ;  though  in  this  aswm  b  mddof  the  sporangia  of  Lycopodium.  The 
ovules,  finally,  of  some  C  press  ie  h  h  pp  ir  to  have  an  axillary  position  on  the 
carpets,  have  not  yet  be      Tiffi        tly  t  g  t  d  with  respect  to  their  true  relationships. 

In  some  cases  the  morph  I  g     1     t    p    t  t  supported  by  malformations  which  not 

unfrequently  occur.    C  t    wh  debted  for  an  admirable  investigation 

of  this  question,  has  sh  w     th  t  th  les     f  P  imulaceae  and  Composita:,  which  arise 

laterally  beneath  the  ap         f   h  f  th    fl      er,  become  gradually  transformed  into 

entire  leaves  of  the  ord  j  f  m  d  th  t  the  same  manner  the  ovules  of  Delphi- 
nium, Melitotui,  and  D  h  h  p  g  1  t  liy  from  the  mai^ins  of  the  carpellary 
leaves,  may  become  de  1  ped  t  1  y  p  ts  of  the  lamina,  as  lacinix  or  leaflets. 
It  appears  on  the  oth  h  d  g  fi  t  th  t  nothing  of  the  kind  has  yet  been 
observed  in  those  ovui  wh  h  h  b  t  preted  above  as  metamorphosed  por- 
tions of  the  axis,  Th  d  I  p  t  t  ly  f  normal,  but  stilt  more  plainly  that  of 
abnormal  ovules,  sho\  f  th  th  t  m  ph  logical  distinction  exists  between  the 
nucellus  on  the  one  hat  d  d  th  f  ul  t  g  ther  with  the  integuments  on  the  other 
hand.  In  those  anatrtp  I  h  h  b  regarded  as  metamorphosed  leaves  or 
parts  of  leaves,  the  nu  II  m  kes  t  pp  e  as  a  new  lateral  structure  inserted  on 
the  rudiment  of  the  ovul  d  h  th  1  tt  b  m  developed  m  a  leat-like  manner 
it  appears  as  an  outgr  tl  f  tl  f  f  th  I  t  This  fact,  the  morphological 
importance  of  which  first  t  d  by  C  m  ho«e\er  not  uniiersil,  as  is 
especially  shown  in  the  d  I  pm  t  f  th  1  f  U  hides,  the  nucellus  ot  which 
unquestionably  corresp  1  t  h  p  f  tl  t  o\ule,  although  t  becomes 
analropous  by  subseq  t  t  t  II  I  p  bl  doe^  it  appear  to  consider 
the  nucellus  of  the  orth  t  po  \  i  7  -u  d  the  PolygonaccK  as  a  lateral 
formation,  since  it  is  ob  u,  ly  I  g  t  n  f  th  p  of  the  floral  axis  (see  Angio- 
sperms) ', 

The  Carpellary  Lea  th     f  I         t      t     es     f  the  flower  which  stand  in  the 

closest  genetic  and  fu    t       lit       h  p  t     th  Is.     They  either  produce  and 

bear  the  ovules,  or  are  1st  t  d  so  t  los  tl  m  a  chamber,  the  Ovary,  and  to 
form  the  apparatus  for  th  pt         f  th   p  II  S  gm  ,     The  varying  morphological 

significance  of  the  carpellary  leaies  is  clearly  seen  by  a  comparison  of  the  genera  Cycas 
and  Juniperui.  In  Cycas  the  carpels  resemble  the  ordinary  leaves  of  the  plant,  and  the 
ovules  are  produced  on  their  margins  and  remain  entirely  exposed;  in  Juniperui  the 
ovules  spring  from  the  floral  axis  itself,  corresponding,  even  in  their  position,  to  a  whorl 

'  Cramer,  Bildungsabweichungen  bei  eitiigen  wichligeien  Pflanzen-familien,  u.  die  morpholo- 
gische  Bcdeutung  dcs  Pflanzeneies  (Ziirich  1864),  is  inclined  to  consider  all  ovules  as  metamorphosed 
leaves  or  parts  of  leaves.  To  this  view  I  have  already  expressed  some  hesitation  in  the  first  edition 
of  this  book;  the  description  here  given,  which  differs  from  the  earlier  one,  is  derived  as  much  as 
possible  from  direct  observation. 

'  [In  view  of  the  very  great  variety  of  position  in  the  development  of  the  sporangia  (including 
polleti-sacs  and  ovules)  it  will  be  on  the  whole  simpler  and  more  satisfactory,  as  Goebel  has 
suggested,  not  to  attempt  to  assign  them  to  the  cat^ories  of  phyllome  and  caulome,  but  to  regard 
them  as  organs  having  a  morphological  value  of  their  own.] 
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of  leaves,  but  the  preceding  whorl  of  earpellary  leaves  swell  up  after  fertilisation,  anil 
envelope  the  seeds  in  a  pulpy  mass,  the  berry-like  fruit  of  these  plants.  In  Primulacese 
the  ovules  spring  from  the  elongated  floral  axis  itself,  and  thus  correspond  in  their 
position  to  entire  leaves  ;  they  are  however  enclosed,  even  at  the  period  of  their 
formation,  by  an  ovary,  consisting  of  the  carpels  and  an  elongated  style  bearing  the 
stigma.  In  most  other  Dicotyledons  and  Monocotyledons  the  ovules  are  seated  on 
the  revolute  margins  of  the  carpels  which  have  grown  together  into  an  ovary,  and 
which  therefore  in  these  cases  both  produce  and  enclose  the  ovules.  But  notwithstanding 
these  very  considerable  morphological  differences,  the  earpellary  leaves  are  always  alike 
physiologically  in  being  excited  by  fertilisation  to  further  development  during  the 
m  t       g    f  th        d        d      tak    g        rt  in  share  in  their  future  history. 

F  11  nd  F      t  B)  P  II     lion  is  meant  the  conveyance  of  the  pollen 

f         th         th        t     th      t  g  f  A  g     p'erms  or  to  the  nucellus  of  Gymnosperms. 

Th    p  11  d  t        d  th        b)  d      bstance,  or  often  by  hairs,  and  the  emission  is 

th  b  gl  t  b  t  f  th  p  11  t  be  h  ch  in  Gymnosperms  penetrates  at  once  the 
t  t  th  llus  b  t       A  g     p  grows  downwards  through  the  tissue  of  the 

t  gn  d  th     f    q       tlj        y  1     g  "tjl     in  order  to  reich  the  ovules  ■  it  then  forces 

t    If      t     tl      m       pyl         d     d  far  as  the  embryo  sac      It  is  onij  when  it 

h      th         by  (      Gy      osf     m    however  it  penel  ates  stdl  n  ore  deeply)  that 

f    tl     t  f  th  ph  It       A     onsiderable  time    occasioi  all>   eien  months, 

often   elapses   between   pollination   and   fertilisation      bi  t  con  n  o  ily   onh   a  lew  days 

Pollination  is  rarely  effected  by  the  wind  alone,  tho  e  plants  in  whuh  this  s  the  case 
are  said  to  be  anemofhilous ;  in  this  case  large  quantities  ot  pollen  are  produced  in  order 
to  secure  the  result,  as  in  many  Coniferx.  In  a  few  cases  the  pollen  is  thrown  on  to  the 
stigma  by  the  bursting  of  the  anthers  {e.g.  in  some  Urticaceic) ;  but  the  means  usually 
employed  is  that  of  insects,  and  the  plants  in  which  this  is  the  case  are  said  to  be 
eniomepbiloui.     Fthppsep        Idfl  j       mpl  cat  d        t  n  t 

with  to  allure  i       f        d    tt      t  th       t         t  tl     fl  w  d    t    h    =a      i  m    tl 

object  is  accompl  hdfal)  ygh       p      blthpil      tthtgm      f 

a  dilTcrent  flow       tthtlhpdd         (  1        thy  hmpldt) 

In  reference  to  th        bj     t  th     p    t       f  th     (1  I  d  fi  In  d 

positions,  which       11  be  ±  11       d       t  f    th  B     k   111       H         t        d       ly  I 

mentioned    that        ects  p       II)      tt      t  d  t    (I  by     h  ta 

secreted  in  them      tl  llj  t  j  g  Uy  p    d       d  d     p  d  a        g 

the  foliar  structu         f  th    fl  d  th     1    m     t  th     p    t         g  lly  t      ed 

that  the  insect,     hit         bt         g  tl  t  t  pi         ts  b  dj  t        d  fi    t 

positions  by  whi  h   t    t         t         b      h      th    poll  t     f  th        th  t        th      t  m 

attaches   it  to  th       t  g  f         th      fi  Th     d  ty         th     f     ns  ot  fl  w 

depends  especially         th  se      1  t       h  p  p     t     ly        p'     pi         f  st      t 

underlying  them  all.  The  organs  whith  secrete  the  nectar,  the  I>,ectariej,  are 
therefore  of  extreme  importance  in  the  life-history  of  most  Phanerogams;  they  are, 
nevertheless,  usually  very  inconspicuous,  and, — which  is  very  significant  with  respect  to 
the  relationship  of  morphology  with  physiology, — notwithstanding  their  enormous 
physiological  importance,  they  are  attached  to  no  definite  part  of  the  flower  in  a 
morphological  sense ;  almost  every  part  is  able  to  perform  the  function  of  a  nectary. 
This  term  therefore  does  not  denote  a  morphological  but  a  purely  physiological  idea. 
The  nectary  is  usually  only  a  small  spot  at  the  base  of  the  carpels  (as  in  Nicoliana),  or  of 
the  stamens  (as  in  Rheum),  or  of  the  petals  ie.g.  Fritillaria)  which,  without  becoming 
more  prominent,  produces  the  nectar;  but  frequently  it  is  in  the  form  of  glandular 
protuberances  of  the  floral  axis  between  the  insertion  of  the  stamens  and  petals  (as 
in  CruciferEE  and  Fumariace^),  A  particular  organ,  e.g.  a  petal,  is  often  transfoijned, 
for  the  purpose  of  secreting  and  storing  up  the  nectar,  into  a  hollow  receptacle,  forming 
a  spur-like  protuberance  [e.^.  Viola) ;  or  all  the  perianth-leaves  become  developed  into 


vGooqIc 


INTRODUCTION.  495 

hollow  or  pitcher-like         t  (  H  U  b        )         tl    j  th  t  \    i  \ 

forms,  like  the  petals  of  A 

Even  before  fertilisat         p  11      t  Uy  f  II        d  by    t   k    g     h     ges        th 

parts  of  the  flower,  pa  t      1    ly        th     gj  m        dp       lly  wh       th     p    t 

cerned  are  delicate;   th      tl        tg  t)!  d  11  h       th  y  Up 

(as  in  Gagea  and  Puscli       )        d  th     I L         Th  t     t   k    g    es  It     f  poll      t 

is  shown  in  many  Orch  d  h        th  les  ly  f    med.  as  q  f  th 

process. 

[The  process  of  Fer  /        on       is     t   11    th     th  t  p    t  plas  d        1  bt 

passes  from  the  pollen  t  b        t     th  ph  th     p     t  plasm         b  t  1 

with  tJiat  of  the  oosph  d  tl  1  b  t  (      /  /  on    /«(  )  w  th  th  t    f  th 

oosphere  (female  pro«u  Jraltfmthdfit  lusfth  p       ] 

Those  changes  how  whh  tdbyftlt  tUn  gt 

and  varied  than  those  which  are  consequent  on  pollination ;  the  oospore  developes  into 
the  embryo;  the  end osperm^formed  previously  in  Gyranosperms— is  completed  in  Angio- 
sperms  only  subsequently  to  fertilisation  ;  the  ovules  grow  along  with  the,  ovary,  their 
layers  of  tissue  are  differentiated,  become  lignified,  pulpy,  dry,  &c.  The  increase  in  size 
of  the  ovary,  which  is  frequently  enormous  {in  Cucurbita,  Cocus,  &c.  several  thousand 
limes  in  volume),  shows  in  a  striking  manner  that  the  results  of  fertilisation  extend 
to  the  rest  of  the  plant,  in  so  far  as  it  affords  the  materials  of  nourishment.  Striking 
changes  in  form,  structure,  and  size  take  place  after  fertilisation,  especially  in  the 
carpels,  placenta,  and  seeds  ;  but  very  frequently  similar  changes  result  also  in  other 
parts.  Thus,  e.g.,  it  is  the  receptacle  that  constitutes  the  fleshy  swelling  which  is  called 
the  Strawberry,  on  the  surface  of  which  are  seated  the  small  true  fruits ;  in  the  Mulberry 
it  is  the  perianth  of  the  flowers  that  swells  up  to  form  the  succulent  coating  of  the  fruit ; 
in  faxiu  it  is  a  cup-shaped  outgrowth  of  the  axis  beneath  the  ovule  (the  aril)  that 
surrounds  the  naked  seed  with  a  red  fleshy  coating,  &c.  Popular  usage  includes  under 
the  term  Fruit  all  those  parts  which  exhibit  a  striking  change  as  the  result  of  ferti- 
lisation, especially  when  they  separate  as  a  whole  from  the  rest  of  the  plant ;  in  ordinary 
language  the  Strawberry,  as  well  as  the  seed  ot  the  Yew  surrounded  by  its  aril,  the  Fig, 
and  the  Mulberry,  are  all  fruits.  Botanical  terminology  limits  the  idea  of  Fruit  within 
narrower  boundaries,  which,  however,  are  not  yet  sharply  defined.  In  the  most  exact 
use  of  botanical  terms,  the  whole  of  the  gynscceum  which  ripens  in  consequence  of 
fertilisation  may  be  termed  the  Fruit.  When  the  gynseceum  consists  of  coherent 
carpels  or  of  an  inferior  ovary,  the  flower  produces  a  single  entire  fruit ;  if  the  carpels 
do  not  cohere,  each  forms  a  part  of  the  fruit,  or  a  fruitlet.  This  limitation  of  the  term 
is  often,  however,  inconvenient ;  and  it  would  seem  preferable  to  give  it  a  definition 
which  will  vary  in  the  different  sections. 

The  point  to  be  most  clearly  borne  in  mind  by  the  student  is  that  the  fruit  is 
not  a  new  plant- structure.  All  the  parts  of  the  fruit  which  are  morphologically 
determinable,  originate  and  assume  their  morphological  character  before  fertilisation ; 
the  result  of  fertilisation  is  merely  a  physiological  change  in  the  parts.  The  only  new 
parts  in  a  morphological  sense  are  the  embryo  and  the  endosperm,  which  are  pro- 
duced in  the  ovule. 

The  Injiorescence.  When  a  shoot  which  has  previously  formed  a  large  number  of 
foiiage-leaves  terminates  in  a  flower,  the  flower  is  said  to  be  terminal  i  if,  on  the  other 
hand,  a  lateral  shoot  developes  at  once  into  a  flower,  with  one  or  at  most  a  few  bracteoies 
beneath  it,  the  flower  is  termed  lateral.  Sometimes  the  first  primary  axis  which  proceeds 
from  the  embryo  terminates  in  a  flower;  but  more  often  the  axis  continues  to  grow 
or  its  growth  comes  to  an  end,  without  forming  a  flower,  and  it  is  only  lateral  shoots  of 
the  first,  sec9nd,  or  a  higher  order  that  terminate  in  flowers.      In  the  first  case  the 

'  [On  this  subject  see  Miiller,  Befruclituiig  der  Blumen  durch  Insekteii,  1873;    antl  Sir  John 
Lubbock,  British  Wild  Flowers  in  relation  to  Insects ;  also  Book  III.  of  this  work.] 
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d      Ipddff       tt         fAgprm         dtwllth      t       b  tfdf 

dtldlht  ddfit  fflsc  tl  ttgf 

that  cl 

With      f  Isot    th    Hi  Ig}  P      t      1  db  f       dh 

whicli  Gy  p  rm         d  A  gosp  g  Th     Fb  -?■  !      B    dl        f  Ph 

rogams  h  b  t  th  h  ra  t  t  pe  1  ty  tl  t  r)  b  dl  wh  h  b  d  t  It 
a  leaf  is  ly  th  pp  1  mb  f  b  dl  which  runs  downwards  into  the  stem;  in  other 
words,         h        h  b     d!        ach  of  which  has  one  limb  that  ascends  and 

bends       t  th     1     f       d        th         h    h  descends  and  runs  down  into  the  stem ;  the 

latter  i  II  d  b  H  t  th  1  1 1  e.'  In  the  most  simple  cases  {e.g.  in  most 
Conifer   )      I)  b     dl    b     ds      t      t      ach  leaf;  but  when  the  insertion  of  the  leaf 

is  broad  th  1  t  la  1  g  d  t  ly  developed,  a  larger  number  of  bundles  pass 
from  th  t  m  t  th  1  f  h  h  th  y  ramify  when  the  lamina  is  broad ;  the  leaf- 
traces  my  t  th  f  f  b  dl  Th  bundles  are  usually  thicker 
at  the  spot  h  th  y  p  t  th  t  t  th  I  fth  lower  down  in  their  course. 
Each  b  dl  f  th  k  d  y  p  sa  d  d  th  gh  ly  one  intemode  or  through 
several  th  I  tt  as  t  d  th  II  standing  above  it  contains 
the  low  ptfbdl  hhbdtd  t  leaves  of  different  height 
and  difl  t  g  Th  d  d  g  f  i  b  dl  seld  h  ts  lower  extremity  free ;  it 
is  usuall)  tta  h  d  1  t  11  t  th  m  ddl  pp  p  rt  f  a  lower  (or  older)  bundle. 
This  n  y  t  k  pi  b)  th  b  dl  pi  tt  g  below  into  two  branches  which  anastomose 
with  th  I  b  dl  th  tl  d  of  the  descending  bundles  may  intercalate 
themsei  It  th  pp  p  t  f  Ider  foliar  bundles ;  or  each  bundle  may  bend 
right  o  I  ft  d  b  m  fi  il>  J  ed  1  t  rally  to  a  lower  bundle.  In  this  manner  the 
foliar  b  dL  g  I'y  ltd  ted  laterally  in  the  stem  into  a  connected 
system  d  th  h  p  ly  d  I  ped,  gives  the  impression  of  having  arisen  by 
branch  g  wh  as  t  f  t  f  m  the  coalescence  of  separate  portions  originally 
distinct 

Bes  d     th    d         d    g  I     b      f  tl  imon  bundles,  others  may  however  occur  in 

the  stem     t  Ph  ;,  m      first    f    II      t-works  (as  in  Grasses)  or  girdle-like  reticula- 

tions (  R  b  S      b        )  Ir  q       tly  f         d  "n  the  node-  of  the  stem 

by  hor        tal  b     dies      Fthrm         Igtdlbdl  yb  dff        ttd 

the  ste       wh   h  h  th    g  t     d         th  th     I  d  th  d       f  f  rm  t  f 

these 'cauline  bundles    my       yg      tlj.    Th  1       g     t       th       t  ly  p       d 

the  primary  meristem  of  the  stem,  immedi  t  l>     ft      th    f  1       b     dl  1       th    p  th 

(as  in  Begoniaceac,  Piperacese,  and  Cycade   )  ly     t  h  1  p        d  h 

outer  layers  of  the  stem  when  this  has  cont        d  t  tl     L  t   d    th 

foliar  bundles  {as  in  MenlspermaceK,  Aloine  d  D  ) 

The  further  development  of  the  foliar  b     dies  M     oc  t  1  d  th 

hand  and  in  Gymnosperms  and  Dicotylcdo  th       th  I      th     f    m      th  y 

closed ;  in  the  latter  a  layer  of  formative  ca    b  ro  hh         t         tht  as 

rapidly  in  thickness  and  become  woody,     si   lly  p     1  t    If  th  d  11    y 

'  [For  further  details  see  DeBary,VergleichendeAnatomiederPhanerogamenund  Fame,  1877.] 
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rays  so  as  to  form  a  perfect  ring  (the  cambium -ring),  and  then  produces  regularly  new 
layers  of  phloem  on  the  outside  and  of  xylem  on  the  inside.  In  the  primary  roots  and 
the  stouter  lateral  roots  of  Gymnosperms  and  Dicotyledons  an  increase  of  thickness 
also  takes  place  by  the  subsequent  formation  of  a  closed  cambium-ring,  which,  like  that 
of  the  stem,  is  not  found  in  Cryptogams,  and  commonly  leads  to  the  formation  of  strong 
persistent  root-systems,  which  are  more  often  replaced  physiologically  in  Monocoty- 
ledons by  rhizomes,  tubers,  and  bulbs.  With  the  persistent  increase  in  thickness  is 
connected,  finally,  the  active  and  extensive  production  of  cork,  a  process  foreign  both 
to  Cryptogams  and  to  Monocotyledons.  It  will  be  more  convenient,  however,  to  defer 
the  special  discussion  of  these  points  also  until  we  are  treating  of  the  characteristics  of 
the  separate  classes. 


SYSTEMATIC   REVIEW  OF   PHANEROGAMS. 

The  distinguishing  characteristic  of  Phanerogams,  as  contrasted  with  Cryptogams, 
lies  in  the  formation  of  the  Seed.  This  organ  is  developed  from  the  ovule,  which,  in 
its  essential  part  the  nucellus,  produces  the  Emhryo-sae,  and  in  this  the  Endosperm  and 
the  Oosphere,  The  latter  is  fertilised  by  the  Pollen-tube,  an  outgrowth  of  the  Pollen- 
grain,  and,  after,  produces  the  Embryo  borne  on  a  Suspensor.  The  phanerogamic 
plant  which  is  differentiated  into  Stem,  Leaves,  Roots,  and  Hairs,  corresponds  to  the 
spore-forming  (asexual)  (Sporophore)  generation  of  Vascular  Cryptogams ;  the  Embryo- 
sac  to  the  Macrospore ;  the  Pollen-grain  to  the  Microspore ;  the  Endosperm  is  equivalent 
to  the  female  Prothallium ;  and  the  Seed  unites  in  itself,  at  least  for  a  time,  the  two 
generations,  the  Prothallium  (Endosperm),  together  with  the  young  plant  of  the  second 
generation,  the  Embryo. 

Flowering  Plants  may  be  classified  as  follows : — 

I.  Phanerogams  without  an  Ovary. 
The  ovules  are  not  enclosed  before  fertilisation  in  a  structure  (the  Ovary)  resulting 
from  a  cohesion  of  carpeilary  leaves.  The  endospenn  arises  before  fertilisation,  and 
forms  archegonia  (i.e.  'corpuscula'),  in  which  the  oospheres  originate.  The  contents 
of  the  pollen-grains  are  divided  before  the  formation  of  the  pollen-tube,  corresponding 
to  divisions  taking  place  in  the  microspores  of  Seloginella. 

I.  QymnoapenaB.     The  first  leaves  produced  from  the  embryo  are  arranged 
in  whorls  of  two  or  more. 

A.  Cycadete.     Branching   of  the   stem  very  rai'e,   or   entirely   suppressed ; 

leaves  large,  branched. 

B.  Coni/ertB.     Axillary  branching  copious,  but  not  from  all  the  leaf-axils ; 

leaves  small,  not  branched. 

C.  Gnetacem-     Mode   of   growth   very   various ;    flowers   similar   in   many 

respects  to  those  of  Angiosperms. 

II.  Phaserooahs  with  an  Ovary, 
The  ovules  are  produced  in  the  interior  of  a  structure  (the  Ovary)  formed  by  the 
cohesion  of  carpeilary  leaves  (often  only  of  one  carpel,  the  margins  of  which  have 
become  coherent),  bearing  at  its  summit  the  stigma  upon  which  the  pollen-grains 
germinate.  The  endosperm  is  formed  after  fertilisation  at  the  same  time  as  the 
embryo,  both  remaining  rudimentary  in  some  cases.  A  division  of  the  contents  of  the 
pollen-grain  is  indicated.  The  branching  is  almost  always  axillary  and  from  the  axils  of 
all  the  foliage-leaves. 
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.  MonocotyledonB.     The  first  leaves  produced  from  the  emhryo  are  alternate; 

endosperm  usually  large ;  embryo  small. 
.  JMcotyledons.     The  first  leaves  of  the  embryo  form  a  whorl  of  two  {or  are 

opposite) ;  endosperm  very  often  rudimentary,  often  entirely  absorbed  by 

the  embryo  before  the  ripening  of  the  seeds. 


G  Y  M  N  O  S  P  E  R  M  S 

This  class  embraces,  in  the  orders  Cycade;e,  Conifetae,  and  Gnetacese,  plants 
of  strikingly  different  habit,  but  evidently  closely  allied  in  their  morphological 
structure,  in  the  peculiarities  of  the  mode  of  formation  of  their  tissue,  and  espe- 
cially in  their  sexual  reproduction.  On  these  grounds  they  take  up  an  interme- 
diate position  between  Vascular  Cryptogams  and  Angiosperms,  while  they  approach 
Dicotyledons  among  the  latter,  especially  in  their  anatomical  structure. 

The  Folkn-grains  suggest  a  homology  with  the  microspores  of  Selaginella, 
their  contents  undergoing  before  pollination  one  or  more  divisions  into  cells  which 
resemble  a  very  rudimentary  male  prothallium.  One  of  these  cells  (the  largest)  grows 
into  the  pollen-tube  when  the  pollen-grain  has  reached  the  nuceilus  of  the  ovule. 
The  pollen-sacs  are  always  outgrowths  from  the  under  side  of  structures  unquestion- 
ably foliar  (stamitial  leaves),  and  bear  a  striking  resemblance  in  many  cases  to  the 
sporangia  of  some  Vascular  Cryptogams.  They  are  produced  either  in  larger  or 
smaller  numbers  or  in  pairs  on  a  staminal  leaf,  without  cohering  in  their  growth. 

The  Ovule,  which  is  almost  always  orthotropous,  and  usually  provided  with  only 
one  integument,  either  appears  to  be  the  metamorphosed  end  of  the  floral  axis  itself, 
or  it  originates  laterally  beneath  its  apes  (or  is  apparently  axillary),  or  it  grows  from 
the  upper  surface  or  margins  of  the  carpels,  These  never  cohere  so  as  to  form  a  true 
ovary  before  fertilisation,  although  during  the  ripening  of  the  seeds  they  often  in- 
crease considerably  in  size,  close  together,  and  conceal  the  seeds,  usually  separating 
again  when  they  are  mature  in  order  to  allow  them  to  fall  out ;  the  cases  are,  however, 
not  rare  in  which  the  seeds  remain  quite  naked  fro     fi  1  T        mbrj 

is  formed  beneath  the  apex  of  the  ovule,  which  c  f    m  1       1    d  d 

remains  enclosed  until  fertilisation  by  a  thick  lay        f    h  f    h  il 

Sometimes  the  formation  of  several  embryo-sacs       mm  11       b 

only  one  of  them   attains   its    full    development.     Th    E  d    p    m  by  f 

cell- formation  long  before  fertilisation  in  the  embr  h   h       d       g     h  d  b 

its  tirm  wall ;  but  the  cells  soon  become  combin  d  d  by 

division.     Within  this  mass  of  tissue,  correspondin  h        d  p     h  11 

of  Sdaginelia,  arise  the  Archegonia  (or  Corpuscula  )        1  m  11  mb 

'  [The  central  cells  of  the  archegonia  of  Gymnosptrm 
1834.     He   called   them   corpuscula  or  embryoniferous  ar  Bo  an 
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States  that  each  of  these  bodies  is  formed  from  an  endosperm-cell 
lying  at  the  apex  of  the  embryo-sac,  which  increases  considerably  in  size  and 
produces  the  neck  and  central  cell  of  the  archegoniutn  by  division.  According 
to  the  same  authority  a  small  upper  portion  of  the  central  cell  beneath  the  neck 
is  even  separated  as  the  canal-cell.  There  is  little  doubt  that,  as  Strasburger  asserts, 
the  whole  of  the  central  cell  is  to  be  considered  as  the  oosphere,  although  Hofmeister 
thought  tliat  a  number  of  oospheres  arose  in  it  by  free  cell -formation^.  After  the 
poilen-tube  has  penetrated  the  tissue  of  the  nucellus  and  forced  itself  as  far  as  the 
archegonium(corpusculum),  where  its  fertilising  material  is  conveyed  to  the  oosphere, 
the  Suspemor  is  formed  by  division  of  a  cell  which  is  developed  in  the  lower  part  of 
the  oosphere.  The  cells  of  the  suspensor  are  at  first  small,  but  the  middle  or  upper 
ones  elongate  very  much,  and,  pushing  the  lower  ones  before  them,  penetrate  into  a 
softened  part  of  the  endosperm.  Sometimes  the  suspensors  which  are  produced  side 
by  side  separate  ;  each  bears  at  its  apex  a  small-celled  rudiment  of  an  embryo.  On 
this  account,  and  also  because  several  archegonia  are  often  fertilised  in  one  endo- 
sperm, the  unripe  seed  contains  several  rudimentary  embryos,  of  which,  however,  only 
one  usually  increases  greatly  in  size,  the  others  withering  away. 

During  (he  development  of  the  embryo,  the  endosperm  becomes  filled  with 
nutrient  materials  and  increases  greatly  in  size ;  the  embryo-sac  which  encloses  it 
grows  at  the  same  time,  and  finally  entirely  absorbs  the  surrounding  tissue  of 
the  nucellus ;  (he  integument,  or  an  inner  layer  of  it,  becomes  developed  into  a 
hard  shell,  while  frequently  (in  naked  seeds)  its  outer  mass  of  tissue  becomes 
fleshy  and  pulpy  and  gives  the  seed  the  appearance  of  a  drupaceous  fruit  {e.g. 
Cycas,  Saluhurid).  The  effect  of  fertilisation  not  unfrequently  extends  also  to  the 
carpels  or  other  parts  of  the  flower,  which  grow  considerably,  forming  fleshy  or 
woody  coatings  to  the  seeds,  or  cushions  beneath  them. 

The  ripe  Seed  is  always  filled  with  the  endosperm,  in  which  the  embryo  lies 
and  is  distincfly  differentiated  into  stem,  leaves,  and  root.  It  fills  up  an  axial 
cavity  of  the  endosperm,  is  always  straight,  its  radicle  being  turned  towards 
the  micropyle,  its  plumule  towards  the  base  of  the  seed.  The  first  leaves  which 
the  embryonal  stem  produces  stand  in  a  whorl,  consisting  generally  of  two  opposite, 
but  not  unfrequently  of  three,  four,  six,  nine,  or  more  members.  At  the  period  of 
germination  the  radicle  first  protrudes  through  the  split  testa ;  the  bud  which  is 
formed  between  the  Cotyledons  or  first  leaves  at  the  apex  of  the  stem  is  forced  out  by 
their  elongation,  the  cotyledons  still  remaining  concealed  in  the  seed,  and  remaining 
in  it  until  its  food-materials  have  been  completely  consumed  by  the  embryo.  Some- 
times they  remain  concealed  there  as  organs  which  have  become  useless ;  but  in 
ConiferK  they  are  drawn  out  by  the  elongation  of  the  embryonal  stem. and  brought 
above  the  surface  of  the  ground,  where  they  unfold  as  the  first  foliage -leaves.  The 
cotyledons  of  Coniferte  become  green  even  within  the.  seed  in  complete  darkness,  the 

vol.1,  pp.  567  and  570).  The  structure  of  the  neck  of  the  archegonium  was  made  out  by  Hofmeister, 
who  applied  to  it  the  term  rosette  (On  the  Higher  Cryptogamia,  p.  411).  Archegonium  and 
eorpusculum  do  not  seem  exactly  synonymous,  since  the  laller,  properly  speaking,  is  only  equivalent 
to  the  central  cell  of  the  former.  Henfrey  termed  tlie  central  cells  'secondary  embryo-sacs' 
(Elementary  Course,  2nd  edition,  p.  60S).] 

'  More  will  be  said  on  this  subject  under  Conifers. 
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formation  of  chlorophyll  tailing  place,  as  in  Ferns  without  the  as'i  stance  of  hght 
It  is  not  known  whether  the  same  thing  occurs  also  in  the  Cvcadeie  and  Onetacce 
The  young  plant,  freed  from  the  seed,  consists  of  an  erect  stem  passing  below 
insensibly  into  the  vertically  descending  tap-root,  from  which  numerous  secondary 
roots  soon  proceed  in  acropetal  order,  usually  forming  fiiallj  a  well  developed 
root-system.  The  embryonal  stem  grows  verticall>  upwards  and  is  usually  not  only 
unlimited  in  its  growth,  but  is  much  stouter  than  all  the  lateral  shoots  e\en  when 
these  are  formed  in  abundance,  as  is  the  case  with  Conifera,  In  the  remarkable 
Gnetaceous  WelwiUchia,  however,  the  apical  growth  altogether  ceases  at  a  very  early 
period,  and  even  the  production  of  new  leafy  shoots  is  suppressed  aa  i&  usually  the 
case  also  in  Cycadete. 

An  apical  cell  does  not  exist  either  at  the  ends  of  the  shoots  or  at  the  apices  of 
the  roots  of  Gymnosperms.  In  this  respect  they  resemble  the  other  Phanerojjams, 
but  they  differ  from  them  in  that  the  primary  meristem  of  the  Pun  lum  otgtlalionis  of 
the  stem  shows  either  no  differentiation  (Cycadea,  Abietinet)  or  only  in  indistmct 
differentiation,  of  Dermatogen  (young  epidermis)  ind  Periblem  (joung  cortex)  At 
the  apex  of  the  root  the  well-defined  axial  iibro -vascular  mass  (Plerome)  is  covered  by 
a  continuation  of  the  cortical  tissue  (Periblem).  Layers  of  cells  belonging  to  this 
tissue,  which  cover  the  apex,  become  thickened  and  split  off,  thus  forming  the  root- 
cap.  The  root-cap  therefore  is  not  derived  here,  as  in  most  Angiosperms,  from  the 
active  growth  and  splitting  of  the  young  epidermis  (Dermatogen),  or  from  a  proper 
meristematic  layer  (Calyptrogen). 

The  Flowers  are  usually  developed  on  small  lateral  shoots,  often  of  a  high  order 
of  ramificalion ;  terminal  flowers  occur  on  the  primary  stem  onh  in  the  Cjcide'e 
(and  in  them  not  exclusively).  They  are  always  diclinous  the  phnts  themsehes 
monoecious  or  dicecious.  The  male  flower  consists  of  a  slender  ax  s  usually  greatly 
elongated,  on  which  the  staminal  leaves  are  arranged  in  large  numbers  usually 
spirally  or  in  whorls.  The  female  flowers  are  remarkably  different  in  their  external 
appearance,  and  usually  very  unlike  those  of  Angiosperms  A  kind  of  perianth  of 
rather  dehcate  leaves  occurs  only  in  GnetaceEe;  in  Conilerse  and  Cycadeie  it  is 
wanting  or  is  replaced  by  scales.  But  what  makes  the  female  flowers  peculiarly 
strange,  independently  of  the  absence  of  an  ovary,  is  the  elongation  of  the  floral 
axis,  on  which  the  foliar  structures  are  placed  not  in  concentric  circles  as  m  Angio- 
sperms, but  in  a  distinctly  ascending  spiral  arrangement,  or  m  altematmg  whorls 
when  they  are  numerous.  When  only  a  few  ovules  are  produced  on  a  niked 
or  small-leaved  inflorescence,  as  in  Podocarpus  and  Salubuna  the  last  trace  of 
resemblance  in  habit  to  the  flowers  of  Angiosperms  ceases  But  to  clearl)  under 
stand  the  matter  it  is  only  necessary  to  retain  distinctly  in  mind  the  defin  tion  of 
a  flower,  viz.  an  axis  bearing  members  which  are  modified  for  the  producton  of 
spores. 

On  the  histology  of  the  Gymnosperms  see  the   remarks  at  the  conclusion  of  the 
description  of  the  whole  cla^s. 
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A.     CYCADE^^ 

The  Embryo,  enclosed  in  the  large  endosperm,  possesses  two  opposite  unequal 
cotyledonary*  leaves,  which  lie  with  iheir  inner  surfaces  face  to  face,  cohering 
towards  their  apices.  The  tendency  of 
the  subsequent  foliage -leaves  to  branch  is 
sometimes  displayed  even  in  these  cotyle- 
dons, a  rudimentary  lamina  being  formed 
on  the  larger  one,  with  an  indication  of 
pinnte  (as  in  Zamia,  Fig.  342  B').  The 
seed  germinates  when  laid  in  moist  earth, 
but  only  after  a  considerable  interval ;  the 
testa  splits  at  the  posterior  end  and  allows 
the  emission  of  the  primary  root,  which 
at  first  grows  vigorously  downwards,  but 
sometimes  assumes  afterwards  a  tuberous 
form  or  produces  a  system  of  rather  thick 
fibrous  roots.  According  to  Fig,  342  C 
borrowed  from  Schacht,  and  a  more  recent 
statement  by  Reinke,  the  branching  of  the 
primary  root  is  laterally  monopodia!;  Mi- 
quel,  however,  asserts  the  existence  of 
bifurcations  of  the  more  slender  roots  in 
older  plants  of  Cycas  glauca  and  Encepha- 
larios.  According  to  Reinke  and  Stras- 
burger,  only  those  lateral  roots  which  ,t.£^i)^B'^i^^^s^^°"^\ZAwa't^!\a^'\^v% 
emerge  from  the  ground  branch  dichoto-  Jtf'r™(m'^i^6'^°M^7*m°ind^' """t^'^n^t^t^fnT- 
mously,  probably  as  a  pathological  pheno-  ftr^j,'Ja,^e™"^^|'4^^^'Ji*,^^^'|f,1^7^"^„*K2S 
menon.  By  the  elongation  of  the  coty-  >n5™ardsgro''upwariis, 
ledons    which    remain    in   the  endosperm 

'  Miqiiel,  Monograpliii  Cycadearum,  1842,  [Ditto,  On  the  Sexual  Oi^ans  of  the  Cycadace^  ; 
Jonm.  of  Bot,,  March  and  April  1869]. — Karsten,  Organogr.  Betracht.  iiber  Zamia  vairicala.  Berlin 
1857.— Mohl,  Bau  des  Cycadeenstammes  (Veimischt,  Schrift.  p.  195),— Mettenius,  Beilrage  zui 
Anatotoie  dei  Cycadeen  (Abhandl.  der  konigl.  Sachs.  Gesellsch.  der  Wissensgh.  vol.  VII,  1861). — 
[W.  C.  Williamson,  Contributions  towards  the  history  ol  Zamia  gigas.  Trans.  I.ino.  Soc.  vol.  XXVI, 
(870, — Caimthers  on  Fossil  Cycadean  Stems  from  the  Secondary  Rocks  of  Britain,  ibid.'] — On  the 
strncture  of  the  pollen  see  Schacht,  Jahrb.  fiir  wissensch.  Bot.  vol.  II.  p.  141  et  teq. — Kraus,  Ueber 
den  Bau  der  Cycadeenfiedem  (Jahrb.  fiir  wissensch.  Bot.  vol.  IV). — Reinke  in  Nachrichten  der  konigl. 
Gesellsch.  der  Wissensch.  in  Gottingen,  1871,  p.  .532.— De  Bary.  Bot.  Zeitg.  1870,  p.  5  74,— Juranyi, 
Bau  u.  Entwickelung  des  Pollens  bei  Caralczamia  (Jahrb.  fiir.  wissensch,  Bot.  vol.  VIII.  p.  381).— 
Ueber  Wachslhum  und  Verzweigung  der  Wurecln,  Reinke,  Morphol.  Abhandl,  1873. — [Warming, 
Undersogelser  og  Betragthinger  over  Cycademe,  and,  Bidrag  til  Cycadeemes  Naturhistorie,  in  tlie  K.  D. 
Vidensk.  Selsk.  Forhandl.  1877  and  1879 '  a'so  Bot.  Zeitg.  1878.] 

'  Van  Tieghem  found  in  three  seedlings,  hybrids  of  Ceralozamia  longifolia  9  with  Cer.  Mexicana  J, 
only  a  single  sheathing  cotyledon,  in  another  two  very  unequal  cotyledons.  Two  embryos  of  Zamia 
sfirolis  had  two  unequal  cotyledons,  another  had  three,  and  another  had  only  one.  (See  Van  Tieghem 
in  the  French  edition.) 
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and  absorb  their  nourishment  from  it,  their  basal  parts  and  the  intermediate  plumule 
are  pushed  out  of  the  seed.  The  portion  of  the  axis  which  bears  the  cotyledons, 
as  well  as  that  which  developes  above  them,  remains  very  short,  but  a  consider- 
able lateral  increase  of  size  takes  place  beneath  the  apex,  due  to  a  large  develop- 
ment of  parenchymatous  tissue.  The  stem  thus  acquires  the  form  of  a  roundish 
tuber,  which  it  retains  even  at  a  later  period  in  some  species ;  but  in  most  it 
lengthens  in  the  course  of  years  into  an  erect  tolerably  stout  column  which  some- 
times attains  a  height  of  some  metres.  This  slow  increase  in  height,  together  with 
the  considerable  increase  in  thickness  of  tbe  growing  end,  is  correlated  vdth  the 
absence  of  a  tendency  to  branch  as  in  other  similar  cases  {Isoe'tes,  Ophioglossum, 
Aspidium  Filix-mas,  &c.).  The  stem  of  Cycadese  usually  remains  perfectly  simple, 
although  old  stems  sometimes  divide  into  branches  of  equal  stoutness.  But  when 
several  flowers  are  formed  at  the  summit,  this  evidently  depends  on  branching ;  and, 
as  far  as  one  is  able  to  judge  from  drawings,  it  is  probable  that  this  branching 
is  dichotomous.  In  old  or  sickly  plants  small  bulbous  or  tuberous  gemmas  are  not 
unfrequently  found  at  the  base  of  the  stem  under  or  above  ground,  the  morphological 
nature  of  which  is  still  doubtful ;  in  Miquel's  opinion  it  is  not  impossible  that  they 
spring  from  old  leaf-scales,  and  have  therefore  nothing  to  do  with  the  branching  of 
the  stem. 

The  whole  of  the  surface  of  the  stem  is  furnished  with  leaves  arranged 
spirally;  no  internodes  can  be  distinguished.  The  leaves  are  of  two  kinds;  dry, 
brown,  hairy,  sessile,  leathery  scales  of  comparatively  small  size,  and  large,  stalked, 
pinnate  or  pinnatifid  foliage-leaves.  The  scales  and  the  foliage-leaves  alternate 
periodically ;  a  rosette  of  large  foliage-leaves  is  produced  annually  or  biennially,  and 
among  these  the  terminal  bud  of  the  stem  is  enveloped  with  scales,  under  protection 
of  which  the  new  whorl  of  foliage-leaves  is  slowly  formed.  This  alternation  begins 
at  once  on  germination  in  Cycas  and  other  genera,  a  number  of  scale-leaves  follow- 
ing the  leaf-like  cotyledons,  and  enveloping  the  bud  of  the  seedling ;  after  these  a 
pinnate  though  small  foliage-leaf  is  then  usually  developed,  which  is  again  followed 
by  scales.  It  is  only  as  the  strength  of  the  plant  increases  after  several  years' 
growth  that  the  foliage-leaves  are  produced  in  whorls  constantly  increasing  in  size, 
and  forming,  after  the  older  ones  have  died  off,  the  palm-like  crown  of  leaves,  the 
scales  which  stand  above  them  enclosing  at  the  same  time  the  apical  bud  of  the 
stem.  In  this  bud  the  foliage -leaves  are  so  far  formed  beforehand,  that  when  they 
at  length  burst  the  bud  they  only  have  to  unfold,  this  process  then  occupying  only  a 
very  short  time,  while  one  or  two  years  elapse  before  the  unfolding  of  the  next 
rosette  of  leaves.  The  leaves  which  proceed  from  the  bud  are  in  Cycas  and  other 
genera  circinate  like  those  of  Ferns;  in  others  the  rachis  of  the  leaf  only  is  rolled 
up ;  in  others,  finally,  as  Dion,  the  growth  of  the  leaf  is  straight,  its  lateral  leaflets 
being  also  straight  before  expansion'.  The  unfolding  is,  as  in  Ferns,  basifugal,  and, 
probably  in  consequence  of  this,  there  is  also  a  permanent  apical  growth  and  a  basi- 
fugal development  of  leaflets.  The  leaflets  are  usually  simple,  and  generally  stand 
alternately  on  the  rachis,  which  is  often  i  to  2  metres  long.     The  mode  in  which 
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ihe  lamina  terminates  above,  points  to  a  dichotomouslrinchmg  lF  the  leif  the  rich  s 
of  which  may  therefore  be  considered  as  a  "unipodum  composed  of  the  bisal 
portions  of  the  successive  bifurcations,  while  the  lateral  leaflets  repre<ient  the  bifur 
cations  of  the  lamina  of  the  leaf,  the  growth  of  which  is  irrested  and  flattened 
The  whole  leaf  would  therefore  be  a  dichotomous  cymose  branch  system  Re- 
searches into  the  history  of  its  development  are  however  wanting  as  in  the  case  of 
the  branching  of  the  stem  and  root. 

The  Flowers  of  the  Cycades  are  alwavs  diceciouf  and  the  plants  are  therefore 
either  male  or  female  Both  kinds  of  flowers  appear  at  the  summit  of  the  stem 
either  smgly  as  m  C}  as  as  terminal  flowers  of  the  pnmary  stem  or  in  piirs  or 
larger  number-,  as  in  Zamii  murtcala  -md  Murosamii  spiral/  where  thi,}  may 
perhaps  be  regarded  is  metamorphosed  bifurcations  of  the  stem^  The  flower  con 
sists  of  a  strong  conical  clongited  axis  sometimes  supported  on  a  naked  peduncle 
but  denselj  cohered  in  other  parts  by  a  iarge  number  of  stammal  and  carpellary 
leavra  arranged  spu'allj 

Id  C}cas  the  female  flower  is  a  rosette  of  fohage  leaves  which  ha^e  under 
gone  but  slight  melamorph  f  s  {Fig  343)  the  apex  of  the  stem  developing  igam 
first  of  a!l  scale  ]ea\eb  ■ind  then  new  whorls  of  folnj,e  leave  the  stem  therefore 
gr  ws  through  the  female  flower  thus  furnishing  an  instance  of  prolificat  on  The 
separate  carpela  are  indeed  much  smaller  than  the  ordinary  folia},e  leaves  but  are 
essentially  of  the  same  structure  the  lower  pinnce  are  replaced  by  ovules  which 
attain  e\en  before  fertilisation  the  magnitude  of  a  moderate  sized  ripe  plim  the 
fertih-^ed  seed  acquiring  the  dimensions  ani  the  appearance  of  a  m  derate  s  zed 
npe  apple  and  hanging  quite  naked  on  the  carpel  Whether  the  male  flower  o£ 
Cj  u  also  exhibits  prolihcatRn  I  do  not  know,  aid  it  seems  irat>rohable  the  \er) 
numerous  stimiml  leaves  are  much  smaller  7  to  'S  cm  long  and  undi\  ded  they 
e\pand  considerably  from  a  narrow  base  \nd  terminate  in  an  apiculus  Thej  are 
furnished  on  the  under  side  with  1  number  of  densch  crowded  1  oOen  sacs  the 
whole  flower  is  from  30  to  40  cm   long 

The  male  and  female  flowers  of  the  remaining  genera  of  Cjcadeie  re'iemble 
fircones  externalh  The  compirat  lely  slender  floral  axis  rises  as  a  richis  on  a 
short  laked  peduncle  and  on  this  are  seated  he  numerous  staminal  or  carpellar\ 
leaves  (Fig  344)  The  axis  termmates  with  a  nakel  ipet  which  undergoes  no 
further  de%elopment  {Fig  344  D)  The  stamens  are  indeed  but  small  in  comparison 
to  the  foliage  Icnes  of  the  same  plant  but  are  nevertheless  the  largest  which 
occur  anjwiere  among  Phanerogams  In  Mo  rcimu  as  in  C}C7s,  they  are  from 
6  to  8  cm  long  and  as  much  as  3  cm  broad  thej  «prng  with  rather  a  narrow 
base  from  ihe  floral  axis  and  expand  into  a  kind  of  lamma  terminating  in  an 
apiculus  {3fairosamia)  or  in  two  i-urved  points  {Ceri/o-'amia)  or  the  lower  part  of 
the  stamen  is  thinner  and  stalk  like  and  bears  a  peltate  expansion  {Zamia)  The} 
are  also    distinguished  from  the    stamens  of  most  other   flowering  plants  by  their 

The  lupoUss  that  then  ale  flowtr  of  OycosR  io/A(  is  one  the  leaf  bud  by  which  the  stem 
IS  prolonged  the  other  bifurcation  of  the  dichotomising  apex  of  tht  item,  is  not  supported  by 
De  Bary's  recent  researches.  [According  to  Warming  (loc.cit.)  all  the  flowers  are  probably  terminal ; 
possibly  the  male  flower  (in  Ceralczomia  loagi/oHa)  is  produced  on  a  branch  of  a  dichotomy  of  Ihe 
stem  ;  it  is  certainly  not  borne  an  a  lateral  blanch.] 
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persistence,  becom  g  I  ^n  fie  1  an  1  of  en  erv  ha  d  Tl  e  nume  u  ]  ollen  cs  on 
the  under  side  of  t  e  s  an  ens  a  e  u  ua  ly  col  ecte  1  n  o  sm  II  gn^ups  numbe  ng 
from  two  to  five  1  ke  he  o  f  Te  n  hese  iG^a  fo  ng  I  j,er  g  oups  on 
the  right  and  left  s  le  of  he  le  f  The  p  Hen  ia  s  are  globular  or  ell  pso  dal 
usually  about  i  nm  n  ze  and  a  e  at  ached  la  a  o  v  base  to  he  unde 
side  of  the  stamen     Ka  sten  sta  e    tha      n  Z  ma    /  hey  a  e  even  stalked 

They  dehisce  long  ud  nally  ani  a  e    n    11    es^  ects  n    ch  mo  e  1  ke    he  spo  ang  a 


of  Ferns  than  the  pollen-sacs  of  other  Phanerogams,  from  which  they  also  differ 
in  the  firmness  and  hardness  of  their  wall.  The  mode  of  development  of  the 
pollen-sacs  and  pollen-giains  of  Cycade^  was  till  lately  unknown ;  it  has  only 
quite  recently  been  observed  by  Juranyi  in  Ceralozamia  longifolia.  The  pollen- 
sacs  are  formed  on  the  under  side  of  the  stamens  in  the  form  of  small  papiUse, 
probably  consisting  from  the  first  of  several  cells  over  which  the  epidermis  of 
the    surface    of  the   leaf  is   continuous.     The    inner   tissue  is    next  differentiated 
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(as  in  the  spnrangit  of  Lycopodiacese  Equiseticefe,  and  Ophioglossaceie)  into  an 
outer  li)er  of  smaller  cells  enclosing  a  larger  celled  tissue;  the  cells  of  the  latter 
continue  to  grow  and  divide  in  all  directions  ind  the  mother-cells  of  the  pollen 
are  finally  isolated,  but  densely  crowded  together,  as  in  Dicotyledons.  The  mode 
of  division  of  the  mother  cells  is  ne\ertheles<i  more  like  that  of  Monocotyledons  in 
this  re'ipect,  that  they  flr=it  of  all  dnide  into  two  daughter- cells,  each  of  which, 
agam  undei^oes  bipartition  The  first  dmsion  wall  is  partially  formed,  as  in  Dico- 
tyledons, b>  the  slow  grotsth  of  in  annular  ridge  of  cellulose,  formed  in  the  depres- 


sion produced  by  the  previous 
but  in  each  of  the  two  daugh 
simultaneously,  as  in  Monocotyl  d 
by  the  rapid  absorption  of  the  c  11 
pollen-grains,  when  free  from  tl        m 
during  their  further  growth,  the 
into  two  cells,  a  smaller  and  a  1 
of  these  two  cells,  lying  on  one     d     ag 
arched  on  the  opposite  side,  and  p    j 


mother-cell : 

be  formed 

now  freed 

i  em.     The 

ph  rical;  but, 

ne,  divide 

The  smaller 

m,  becomes 

the  larger 
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one.  This  smaller  cell  now  again  undergoes  a  transverse  division  parallel  to  the 
first,  and  this  is  sometimes  followed  by  a  second ;  a  two-  or  three-celled  body  is 
thus  formed,  attached  on  one  side  to  the  inline,  and  projecting  into  the  cavity 
of  the  larger  cell,  as  in  AbielineK,  which,  moreover,  further  resembles  Ceralozamia 
in  the  fact  that,  as  in  the  Conifers,  the  large  cell,  formed  by  the  first  division  of  the 
.pollen-grain,  developes  into  the  pollen-tube,  the  mass  of  small  cells  remaining 
inactive  in  the  pollen-grain.  In  Cycas  Rumphii,  Encephalartos,  and  Zamia,  the 
pollen-grain  also  splits  up,  according  to  De  Bary,  into  a  larger  and  a  smaller  cell, 
the  la  e  also  'n  th's  case  aga  n  d  v  d  ng  ce  an  1  tl  e  larger  cell  developing  into  the 
pollen  ube  The  spot  where  he  n  ne  1  ch  de  lopes  nto  tl  e  pollen-tube  breaks 
th  u  gh  d  e  e  ne  1  es  exactly  oppos  te  the  n  of  small  cells  (the  secondary 
cells  of  the  pollen  gra  n)  the  ext  e  n  this  place  tl  nne  and  in  the  dry 
pollen  g  a  n  deeply  folded  n  so  hat  the  transve  se  sect  on  of  he  dry  pollen-grain 
k  d  ej  shaped  D  n  g  he  ab  o  p  on  of  water  which 
precedes  he  to  mat  on  of  he  pollen  tube  the  pollen-grain 
aga  n  assu  nes  a    pi  encal  forn 

The  carpellarj  lea  es  ^  e  ar  ■inge  1  sp  ally  or  in  apparent 
verticls  closely  crovded  on  the  ax  s  of  the  female  flower 
Tl  ose  of  Ct-  as  have  already  bee  de  c  bed,  m  Ztmia 
E  phi!  rlo  M  ro  mai-i\Ce  an  3  the  cairpels  are 
much  snaller  anl  eacl  bears  o  ly  t*o  ovules  attached 
r  gl  and  left  o  a  peltate  sx\  ans  on  vh  ch  termmates  a 
slender  pcd  eel  (Fg  344)  The  o  u!e  s  always  orlhotro- 
\  s  and  ons  of  a  la  {,e  nu  ell  s  and  a  thick  mtegu 
ne  t  the  ner  je  o  h  ch  (u  contrast  o  that  of  other 
Phiiie  gams)  s  pe  etra  ed  by  a  nun  ber  of  fibro  lascukr 
bundles  Tie  n  cropjle  «  a  slenier  tube  formed  b}  the 
prolongat  on  of  the  con  acted  n  a  gin  of  the  mtcgument 
b  jond  he  un  n  of  he  nucellus  Ac  ord  ng  to  De  Barj  s 
■" "  "^ni""  ''  "^ofth «  researches  a  second  nner  ntegun  ent  appears  to  etist  m 
eg  Us  J.   Be^    p      the  case  of  Cj  as  re  ol  la      [In  tie  nucellus  a  group  cf 

m  the  pollell  tube  (ran    h  -^  ■-  Of 

iug«c       a.  Brain,     h  a      ccUs  Can  bc  feadilv  distmgushed  at  an  earh    ';ti£.e    >\hich 

line,  tt  the  poUcu^ubc  covered  j  o  j  ^ 

iijtheiniine.  Warming  considers  Co    be   homologous   with   the    mother 

cells  of  the  spores  in  the  sporangn  of  the  ^  ascular  Crjpto 
gams;  from  one  of  these  the  embryo-sac  is  formed.  The  wall  of  the  embryo- 
sac  becomes  thickened,  and  its  cavity  becomes  filled  with  endosperm.  From 
certain  superficial  cells  of  the  endosperm  the  archegonia  (corpuscula)  are  formed. 
The  neck  of  the  archegonium  consists  of  two  cells.  From  the  large  central  cell 
a  canal-cell  is  cut  off,  leaving  the  remainder  as  the  oosphere.  After  fertilisation, 
each  oospore  gives  rise  to  a  single  suspensor ;  the  embryo  is  not  developed 
at  its  apex  until  after  the  seed  has  been  sown.  The  embryo  of  Ceralommia  has 
only  one  cotyledon  ;  Cycas  and  Macrozamia  have  two ;  Van  Tieghem  has,  however, 
found  two  cotyledons  in  some  cases  in  Ceraiozamia  Mexicana,  and  three  in  Zamia 

In  consequence  of  the  form  and  position  of  the  carpels,  the  ovules  are  covered 
and  concealed  before  and  after  fertilisation,  except  in  Cycas;  at  the  period  of  polli- 


vGooqIc 


CONIFERS.  507 

nafion,  which  is  apparently  brought  about  by  insects,  the  carpels  separate  from  one 
another,  and  the  micropyle  excretes  a  fluid  to  which  the  pollen-grains  adhere.  The 
outer  layer  of  the  testa  is  usually  fleshy,  the  inner  one  hard,  and  the  seed  therefore 
resembles  a  plum,  with  its  surface  often  brightly  coloured. 


B.    CONIFER^i. 

Germination.  The  endosperm  surrounds  the  embryo  in  the  form  of  a  thick- 
walled  sac  open  at  the  radicular  end ;  the  embryo  lies  straight  in  the  central  cavity  of 
the  endosperm ;  its  axis  is  continuous  behind  with  the  rudiment  of  the  primary  root, 
and  bears  at  its  anterior  end  a  whorl  of  two  or  more  cotyledonary  leaves,  between 
which  it  terminates  in  a  roundish  apex  {Fig.  346  I).  The  Taxinete  and  most 
Cupressineffi  and  Araucariese  have  two  opposite  cotyledons,  although  in  some 
Cupressine^e  there  are  from  three  to  nine,  and  in  some  Araucariese  whorls  of  four 
cotyledons  ;  while  among  the  AbietineK  there  are  rarely  so  few  as  two,  more  often 
four  or  even  as  many  as  fifteen.  To  refer  this  larger  number  of  cotyledons  to  the 
division  of  two  opposite  ones,  as  Duchartre  proposes,  is  entirely  opposed  to  the  other 
processes  of  leaf- formation  in  these  plants,  especially  to  the  common  occurrence  of 
■whorls  consisting  of  several  leaves  on  the  growing  axis  of  seedlings. 

When  placed  in  damp  soil  the  endosperm  swells  up,  bursts  the  testa  at  the 
radicular  end  of  the  embryo,  which  is  then  pushed  out  by  the  elongation  of  the  axis, 
and  grows  into  a  strong  descending  tap-root,  from  which  lateral  roots  proceed,  suc- 
ceeding one  another  rapidly  in  acropetal  succession,  and  subsequently  branching. 
This  is  the  commencement  of  the  root-system  of  Conifers,  which  is  frequently 
strongly  developed  and  persistent.  After  the  emergence  of  the  root,  the  coty- 
ledons elongate  in  their  turn,  push  out  their  bases  from  the  seed  and  the  end  of 
the  axis  that  lies  between  them,  but  they  themselves  remain  in  the  endosperm  until 
it  has  been  absorbed.  In  Araucaria  (sub-genus  Colymhed)  and  in  Salishuria  the 
hypocotyledonary  portion  of  the  axis  remains  short,  and  the  cotyledons  remain 

'  For  the  structure  of  the  flowers,  see  R.  Brown,  On  the  Plnraliey  and  Development  of  the 
Embryos  b  the  Seeds  of  ConiferEe  :  Misc.  Bot.  Works,  London,  1866,  vol.  I.  pp.  567-576.— H.  von 
Mobl,  Veniiischt.  Schrift.  pp.  25  and  49. — Schacht,  Lehrb.  der  Aiiat.  w.  Phys.  vol.  II.  p.  433. — Eichler 
in  Flora,  1863,  p.  530,  [and  Nat,  Hist..Rev.  1864,  pp.  3JO-290;  Flora,  1873,  and  Trans.  Bot.  Soc. 
Ediii.i873,pp.S3S-54i.— Dickson,  Trans.  Bot.Soc.Edin,  VI.  p.  420;  NewPhil.  Joain.  iSCl.pp.ipS, 
199.— J.  D.Hooker.  On  the  Ovary  of  Siphoaodon  ia  Trans.  Linn,  SoC,  XXII.  pp.  137, 138.— Caspary 
in  Ann.  des  Sci.  Nat,  4tb  series,  vol.  XIV,  p.  100.  and  Flora,  l86z,  p,  377.— Brongniart,  Bull.  Bot.  Soc. 
France,  XVIII.  p.  141.— Van  Tieghem,  Ann.  des  Sci.  Nat.  5th  series,  vol.  X.]  For  the  fertilisation, 
Hofmei^er  in  Ve^l.  Unters,  J851  [On  the  Germination,  Development,  and  Fnictitication  of  the 
Higher  Cryptogams,  Ray  Soc,  pp.  400-433-] — Strasburgcr,  Die  Befruchtnng  det  Coniferen,  Jena 
1869,  For  the  pollen,  Schacht  in  Jahr.  f.  wiss.  Bot.  vol.  II.  p,  142.— Strasbuiger,  Ueber  die  Beslau- 
bung  der  Gymnospermen,  Jenaische  Zeitschr.  vol,  VI,  Also  in  addition;  [Zuccarini,  Morphology  of 
the  Conifers,  Ray  Soc,  Rep.  and  Pap.  on  Bot.  1845,] — Pfitzer,  Ueber  den  Embryo  der  Coniferen, 
Niederrhein,  Ges.  fiir  Natur.  u.  Heilk.  Aug.  7,  1871.— Reinke,  Ueber  das  Spitzenwachsthum  der 
Gymnosperm-Wurzeln,  Gottinger  Nachr,  1871,  p,  530. — [Strasburger,  Die  Coniferen  u.  die  Gnelaceen  ; 
eine  morphologische  Studie,  Jena  1 872. — Eichler,  Sind  die  Coniferen  gymnosperm  oder  nicht?  Flora 
1873,  and  Bliitliendiagramme,  I,  1875.— Strasburger,  Die  Angiospermen  und  die  Gymnospermen, 
1879.] 
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contained  in  the  seed ;  in  most  Conifers,  on  the  contrary,  this  portion  becomes 
greatly  elongated,  making  a  sharp  liend  in  an  upward  direction,  pierces  the  soil, 
and  draws  the  cotyledons  with  it.  As  soon  as  these  are  exposed  to  light,  the 
hypocolyledonary  portion  straightens  itself,  the  whorl  of  cotyledons  expand,  and, 
having   become   green  while   still  underground,  act  as  the    first    foliage -leaves    of 


the   seedling,  the    apex   of  its  axis  having:  in  the   meantime  formed  a  bud  with 
new  leaves  (Fig.  346). 

Mode  of  Grmulh  and  External  Differeniiatim.  The  terminal  hud  of  the  stem 
of  the  seedling  grows  more  rapidly,  though  frequently  interrupted,  than  the  lateral 
shoots  which  arise  subsequently.  The  primary  stem  is  thus  a  direct  prolongation  of 
the  axis  of  the  embryo;    it  never  ends  in  a  flower,  but  grows  indefinitely  al  the 
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summit,  becoming  thickened  to  a  corresponding  extent  by  the  activity  of  a,  cambium- 
ring,  and  thus  becomes  a  slender  cone  attaining  a  height  of  100,  200,  or  even 
more  feet',  and  a  diameter  at  the  base  of  2  or  3  or  as  much  la  20  feet  On  this, 
highly- developed  primary  axis  the  lateral  axes  of  the  first  order  are  produced, 
often  periodically  in  rosettes  at  the  apex  (pseudo  whorls)  or  dibtnbuted  irregularly 
and  branching  again  in  the  same  manner.  Each  primary  axis  usually  grows  more 
vigorously  than  its  secondary  axes;  and  hence  the  collective  form  of  the  sjstem  of 
branching,  as  long  as  the  primary  axis  continues  to  grow  vigorously,  13  that  of  a 
panicle  of  conical  or  pyramidal  form.  While  in  Cycadece  the  branching  is  almost 
entirely  suppressed,  the  peculiar  form  and  beauty  of  Conifers  depends  chiefly  on  the 
branching,  the  more  so  as  the  leaves  are  almost  always  small  and  inconspicuous, 
serving  only,  as  far  as  the  outward  appearance  of  the  plant  is  concerned,  as  a  cloth- 
ing to  the  system  of  branching.  The  branching  is  always  axillary ;  but  Conifers 
differ  from  Angiosperms  in  not  producing  buds  in  nearly  all  the  leaf-axils ;  in 
Araucaria  and  some,  species  of  Taxus,  Ahks,  and  other  genera,  it  is  chiefly  or 
exclusively  the  youngest  leaf-axils  of  a  year's  growth  which  produce  branches,  and 
these  grow  vigorously.  In  Juniperus  communis,  indeed,  buds  occur  in  most  of  the 
leaf-axils,  but  only  a  few  develope.  In  Pinus  s^hestriv  and  its  allies  shoots  are  Irrmed 
only  in  the  axils  of  the  cataphyllary  leaves  wh  ch  are  borne  exclusively  by  the 
primary  stem  and  the  permanent  woody  branches  remaining  however  verj  short 
and  producing  two,  three,  or  more  acicular  foliage  leaves  from  the  axils  ol  which  no 
lateral  shoots  are  produced.  In  Larix,  Cedrus  and  Sahsbana  buds  are  formed  m 
the  axils  of  a  considerable  number — but  not  neirlj  ill — of  the  foliage  leaves  a  few 
growing  rapidly,  and  serving  for  the  development  of  the  branch  system  while  others 
remain  very  short,  and  form  annually  a  new  rosette  of  leaves  without  lateral  buis  In 
Tkuja  and  Cupressus  also,  which  are  di&t  nguibhed  by  their  copious  branching  the 
number  of  small  leaves  is  still  very  much  larger  than  tint  of  the  axillary  shoots 
Many  Conifers  exhibit  a  very  tegular  arrangement  of  those  branches  of  d  fferent 
orders  which  arrive  at  their  full  development  the  s}mmetr)  of  the  whole  tree  being 
at  the  same  time  increased  by  their  difference  in  size  The  branches  of  the  first 
order  on  the  upright  primary  stem  are  frequently  formed  in  a  pseudo  whorl  of  several 
members  at  the  conclusion  of  each  pen  d  of  vegetation  the  same  process  being 
frequendy  repeated  on  the  branches  themselves  {eg  Pinus  sjhesiris  Araucaria 
hrasiliensts,  and  especially  Phyllocladus  irtehimmoxdis  and  many  others)  more 
commonly  a  tendency  to  bilateral  ramifitation  appears  on  the  horizontal  branches 
of  the  first  order  (as  in  Abies  peetinatci);  and  not  unfrequentlj  besides  these  strong 
branches  from  which  the  framework  of  the  tree  is  constructed  smaller  ones  are 
also  formed  between  them  {e.g.  in  Abies  t:tc  ha)  In  many  cases  the  arrangement 
and  growth  of  the  branches  are  more  irregular  the  greatest  deviation  from  this 
type  being  shown  in  the  Cupressinefe,  especiall)  Cupt  ssus  Thuja  and  Ltlocedius 
in  which  the  tendency  to  bilateral  ramification  is  seen  even  on  the  primary  stem 
which  is  more  perfectly  developed  on  the  lateral  shoots     Brand   sj  stems  of  three  or 

'   [The  trunk  oE  Stquosa  (,WeUingloma)  giganlea  of  California  attains  the  height  of  400  feet.] 
'  In  many  species  also  of  -16ms  and  Pinus  there  is  an  evident  tendency  to  bilateral  development 

in  the  horizontal  lateral  shoots,  the  spirally  arranged  leaves  inclining  over  to  the  right  and  left,  and 

thus  forming  Iwo  c  irab-like  rows. 
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four  orders  of  shoots  are  developed  in  one  plane  in  such  a  manner  (hat  a  system 
of  this  Itind  assumes  a  definite  contour  and  somewhat  the  appearance  of  a  pinnate 
leaf  In  Taxodium  the  foliage -leaves  are  formed  in  two  rows  on  slender  branches 
a  few  inches  in  length ;  in  T.  disUchum  these  fall  off  in  the  autumn  together  with 
their  leaves,  thus  presenting  a  still  greater  resemblance  to  pinnate  leaves.  Finally 
Phyllodadus  produces  on  all  its  verticillate  shoots  onlj-  small  colourless  scale-like 
leaves,  from  the  axils  of  which,  but  beneath  the  terminal  bud,  whorls  of  shoots  spring 
with  limited  power  of  growth,  developing  their  bilateral  side-shoots  in  the  form  of 
flat-lobed  foliage-leaves.  These  remarks,  incomplete  as  they  are,  may  suffice  to 
turn  the  attention  of  the  student  to  the  phenoihena  of  the  branching,  which  are 
moreover  easily  observed. 

The  Leaves  {with  the  exception  of  the  floral  leaves)  are  either  all  foliage- leaves 
containing  chlorophyll,  as  in  Araucaria,  Juniperus,  Thuja,  &c. ;  or  all  colourless  or 
browni&h  scales,  as  in  Phyllodadus,  where  the  foliage-leaves  are  replaced  by 
leaflike  shoots ;  or,  finally,  scales  and  foliage-leaves  are  very  frequently  formed  at 
the  same  time,  and  even  on  the  same  shoots  (as  in  Abies),  where  the  scales  only 
serve  the  purpose  of  protecting  the  buds ;  or  the  two  forms  are  distributed  on 
different  axes,  as  in  the  true  Pines  {Pinus),  the  permanent  woody  shoots  of  which 
produce  only  membranous  scales,  the  axils  of  which  develope  sterile  foliage-shoots 
which  afterwards  die  off.  The  foliage-leaves  of  Conifers  are  mostly  small,  of  simple 
structure,  and  scarcely  ever  compound;  they  are  smallest  and  at  the  same  time  most 
numerous  in  the  Cupressinese,  where  they  form  a  dense  covering  to  the  axes  of  the 
branchlets  (as  Thuja,  Cupressiis,  &c.) ;  in  most  of  the  Abietinece  and  in  Taxus  and 
Juniperus,  they  are  larger,  more  sharply  separated  from  the  axis,  narrow  and  com- 
paratively thick,  usually  angular  and  prismatic  (acicular);  intermediate  form?  between 
these  acicular  leaves  and  the  broad  expanded  leaves  of  Thuja  occur  in  Araucaria 
txcelsa,  &c.  In  Podocarpus  and  Dammara  the  leaves  are  flat  and  broader,  and  in 
Salisburia  they  are  stalked  and  even  two-lobed,  with  a  deeply  emarginate  apex  as 
if  from  dichotomous  division.  Not  unfrequently,  especially  in  the  Cupressinere, 
the  foliage-leaves  of  the  elongated  primary  axis  are  different  in  form  from  those 
higher  up  the  same  '\\  s  and  from  those  on  the  lateral  shoots ;  in  Thuja,  Juniperus 
virginiana,  Cupressus  Ic  the  former  are  acicular,  patent,  and  of  considerable  size, 
the  latter  very  small  and  closelj  appressed  to  the  axis ;  the  youthful  foliage  some- 
times recurs  on  sohted  branches  of  adult  plants.  The  axis  of  the  shoot  within 
the  bud  is  so  densely  covered  with  the  bases  of  leaves  that  no  free  portion  of  the 
Surface  of  the  axis  is  visible  between  them.  When  the  axis  has  attained  a  con- 
siderable length  on  the  unfolding  of  the  bud,  the  bases  of  the  leaves  generally  grow 
at  the  same  time  in  length  and  breadth,  so  that  they  entirely  cover  the  surface  of 
the  enlarged  shoot  also,  clothing  it  with  a  green  cortex,  in  which  the  parts  belonging 
to  the  separate  leaves  can  be  distinctly  recognised.  This  is  especially  clear  in 
Araucaria  and  many  species  of  Ptnus,  but  is  very  common  also  in  other  genera; 
in  Thuja,  Cupressus,  Lihocedrus,  &.C.,  the  axis  of  the  shoot  is  also  completely 
covered  with  these  leaf-cushions ;  but  the  free  parts  of  the  leaves  are  very  small 
and  often  project  only  as  short  points  or  projections.  The  phyllotaxis  is  spiral 
in  the  Abietineae,  Taxineas,  Araucarieje,  Podocarpus,  &c. ;  the  Cupressinese  bear 
whorls  which,  above  the  cotyledons,  contain  generally  from  three  to  five  leaves,  but 
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usually  fewer  at  a  greater  height  on  the  primary  axis.  The  secondary  axes  usually 
begin  at  once  with  decussate  pairs,  which/in  bilateral  shoots,  are  alternately  larger 
and  smaller  (as  in  CalHIris  and  Lihocedrui) ;  in  Juniperus  and  Frmela  the  whorls 
on  the  secondary  axes  also  consist  of  from  three  to  five  leaves,  and  are  alternate;  the 
pairs  of  leaves  of  Dammara  stand  at  an  acute  angle  to  one  another.  The  foliage- 
leaves  of  most  Conifers  are  very  persistent,  and  may  live  for  several  years,  thetr  leaf- 
cushions  keeping  pJce  in  growth  for  a  long  time  with  the  increase  in  size  of  the  axis; 
in  Larix  and  Salishuria  the  leaves  alone  are  deciduous  in  autumn,  in  Taxodium 
duHchum  the  axes  that  bear  them  are  also  deciduous. 

The  Flowers  of  Coniferie  are  always  diclinous ;  either  monoecious,  as  in  the 
Abietine!e  and  Thuja,  or  dicecious,as  in  Taxus,  Salisbiiria,  ^ndt  Juniperus  communis  j 
the  male  aie  usually  much  more  numerous  than  the  female  flowers.  They  are  never 
terminal  on  the  primary  stem,  differing  in  this  respect  from  those  of  Cycadese ;  even 
the  larger  woody  branches  hear  only  rarely,  as  in  Abies  exceha,  terminal  (in  this 
case  only  female)  flowers.  Usually  the  flowers  are  produced  at  the  apex  of  small 
foliage-shoots  of  the  last  order,  or  in  the  leaf-axils  of  the  stronger  foliage-shoots. 
In  Thuja,  for  instance,  male  and  female  flowers  appear  at  the  end  of  small  short 
green  shoots  of  the  bilateral  system  of  branches ;  in  Taxus  and  Juniperus,  on  the 
other  hand,  in  the  axils  of  foliage-leaves  of  larger  shoots;  in  Ahies  pedinaia  they  are 
found  on  the  under  side  of  shoots  of  a  higher  order  at  the  summit  of  older  trees, 
both  kinds  tn  the  axils  of  foliage-leaves,  the  female  flowers  singly,  the  male  in 
larger  numbers.  The  flowers  of  Pimis  sylvestris  and  allied  species  ap])ear  in  the 
place  of  the  undeveloped  branches  (tufts  of  leaves)  which  stand  in  the  axils  of  the 
scales  of  growing  woody  shoots,  the  male  flowers  usually  in  groups  forming  an 
inflorescence  the  primary  axis  of  which  is  the  mother-shoot,  the  female  flowers 
generally  more  scattered.  In  Salishuria  the  flowers  appear  exclusively  on  the 
short  lateral  branches  which  annually  form  new  rosettes  of  leaves,  and  they  are 
situated  in  the  axils  of  the  foliage -leaves  or  of  the  inner  bud  scales  (Fig.  347, 
A  and  E). 

The  part  of  the  floral  axis  immediately  beneath  the  organs  of  reproduction  is 
densely  covered  with  scales  or  foliage -leaves  in  the  female  plant  of  Taxus,  Junip-rus, 
&c.  (Figs.  348,  349);  it  is  developed  as  a  naked  stalk  in  the  Abietineae,  Salis- 
huria, the  male  plant  of  Taxus,  Podocarpus,  &c.  (Fig.  347  A,  B).  The  flowers 
of  Coniferse  resemble  those  of  Cycadeffi  in  the  peculiarity  that  the  axis  elongates 
even  at  the  part  that  produces  the  organs  of  reproduction ;  if  these  are  numerous,  the 
whole  flower  presents  the  appearance  of  a  long  cone,  resembling  externally  a  catkin; 
and  this  term  is  indeed  given  to  it  in  the  superficial  language  of  many  systematists. 
In  Angiosperms  the  fiowerii^  shoot  usually  undergoes  a  very  peculiar  development 
at  its  summit,  the  portion  of  the  axis  which  bears  the  flower  (the  receptacle) 
remaining  very  short  and  broad,  and  the  floral  leaves  and  organs  of  reproduction 
being  formed  in,  positions  which  differ  greatly  from  those  of  the  foliage-leaves ; 
in  Coniferse  the  distinction  between  a  floral  and  a  foliage-shoot  is  much  less,  and 
this  is  especially  conspicuous  in  the  arrangement  of  the  leaves ;  if  those  of  the 
foliage-branches  are  arranged  spirally,  so  also  are  usually  those  of  the  flowers, 
2S,e.g,,  in  the  Abietinese ;  if,  on  the  contrary,  as  in  the  CupressineK,  they  occur 
in  alternating  whorls,  the  slaminal  and  carpellary  leaves  are  arranged  in  the  same 
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way.  In  Juniperus  communis  even  the  ovules,  here  the  representatives  of  whole 
leaves,  are  arranged  in  alternating  whorls.  But,  occasionally,  as  in  Taxus,  greater 
differences  are  to  be  observed  in  the  phyllotaxis  of  the  flowering  shoot  ^  compared 
with  that  of  the  foliage-shoots. 

The  Mak  Flowers  always  consist  of  a  distinctly  elongated  axis  provided  with 
staminal  leaves,  and  ending  above  in  a  naked  apex  (Fig.  349  A).  The  stamens  are 
mostly  more  delicate  and  of  a  different  colour  from  the  foliage- leaves,  and  are  usually 
divided  into  a  slender  pedicel  and  a  peltate  lamina  bearing  the  pollen-sacs  on  its 
under  side,  as  in  Taxus,  the  Cupressineae,  and  Abietineee  (Fig.  348  £,  349  A,  B, 
350  A).  The  fiat  expansion  at  the  end  of  the  pedicel  may,  however,  be  entirely 
absent,  as  in  Salhburia  (Fig.  347  C),  where  it  is  reduced  to  a  small  knob  on  which 
the  pollen-sacs  hang.  That  the  parts  which  bear  the  pollen-sacs  in  Conifers  are 
beyond  doubt  metamorphosed  leaves,  is  evident  not  only  from  their  form,  but  still 


more  from  their  arrangement,  which  has  already  been  spoken  of.  If  the  staminal 
leaves  of  the  Cycadese  show  a  resemblance  in  more  than  habit  to  the  sporangiferous 
leaves  of  Ferns,  those  of  Coniferis  may  perhaps  be  eomj  ired  to  the  peltate  scales  that 
bear  the  sporangia  of  Equisetice'e  ind  not  unfrequentli  as  m  Taxus,  Juniperus, 
&c.,  the  resemblance  of  the  male  floweri  t  the  mflorescence  of  Equisetum  is  as 
striking  m  external  appeirince  is  m  the  actual  agreement  between  them  from  a 
morphological  point  of  vie«  The  pollen  sacs  usually  hang  with  a  narrow  base,  on 
the  under  side  of  their  support  and  do  not  cohere  in  their  gro^ith ;  their  number  is 
usually  much  smaller  than  m  CjcadcK  but  much  more  variable  than  in  Angio- 
sperms;  in  the  Yew  the  peltate  part  of  the  stam  n^l  leaf  bears  from  three  to  eight, 
in  the  Juniper  and  most  Cuj ressinea,  three  roundish  p  lien  sacs  (Figs.  348,  349). 
Those  of  Pinus,  Abies,  and  their  allies  lie  in  i  airs  parallel  or  placed  obliquely  to 
one  another,  right  and  left  of  tie  pelicel  which  here  resembles  the  connective  of 
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Angpiosperms;  in  Araucaria  and  Dammara,  on  the  Other  hand,  the  long  sausage- 
shaped  pollen-sacs  hang  in  larger  numbers  free  beneath  the  peltate  limb.  The 
wall  of  the  pollen-sacs  is  usually  delicate,  and  finally  dehisces  longitudinally  to 
allow  the  escape  of  the  pollen -grains,  which  are  produced  in  extraordinarily  large 
numbers,  since  they  have  usually  to  be  carried  by  the  wind  to  the  female  organs 
of  the  same  or  of  another  tree.  The  pollen-grains  which  happen  to  fall  on  the 
opening  of  the  micropyle  of  the  ovules  are  retained  by  an  exuding  drop  of  fluid, 
which  about  this  time  fills  the  canal  of  the   micropyle,  but   afterwards    dries  up, 


and  thus  draws  the  captured  pollen-grains  to  the  nucellus,  where  they  immediately 
emit  their  pollen-tubes  into  its  spongy  tissue.  In  the  Cupressinese,  Taxineie,  and 
Podocarpeie  this  contrivance  is  sufficient,  since  the  micropyles  project  outwardly ; 
in  the  Abletinese,  where  they  are  more  concealed  among  the  scales  and  -bracts, 
these  themselves  form,  at  the  time  of  pollination,  canals  and  channels  for  this 
purpose,  through  which  the  pollen-grains  arrive  at  the  micropyles  filled  with  fluid 
(c/.  Strasburger,  /,  r.).  The  large  number  and  lightness  of  the  pollen-grains  enables 
them  to  be  carried  great  distances  by  the  wind;  in  the  true  Pines  and  the  Podo- 
l1 
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Carpete  their  capacity  for  transport  is  increased  by  the  vesicular  hollow  protnisiong 
of  the  extine,  as  represented  in  Fig.  351,  IV,  V,  hi.  [The  pollen-sacs  (microspo- 
rangia)  of  the  Coniferse  resemble  the  sporangia  of  the  Vascular  Cryptogams  in 
the  mode  of  their  development.  A  section  through  the  pollen-sac  of  one  of  the 
Cii pre s sine pe,  for  example,  shows  that  it  resembles  a  sporangium  of  Lycapodium  : 


in  the  centre  is  a  group  of  sporogenous  cells  surrounded  by  a  layer  of  flattened 
tabular  cells,  the  tapetum,  and  e\ternalK  is  the  wall  of  the  sporangium.  From' 
Goebel's'  researches  it  appears  that  the  archesporium,  in  Biota  orientalis  at  any 
rate,  is  a  hypodermal  cell,  the  terminil  cell  of  one  of  the  axial  rows  of  cells  of 


which  the  young  pollen-sac  consists.  Possibly  the  archesporium  consists  in  this 
case,  as  in  Lycopodium,  of  a  transverse  row  of  such  hypodertnal  cells.  The  cells 
of  the  tapetum  are  derived  here,  as  in  Sclagindla,  partly  from  the  archesporium 
and  partly  from  the  tissue  of  the  wall  of  the  pollen-sac.     In  Pinus  the  pollen-sac 


'  [Goebel,  Vergl.  Entwiek.  A.  Sporangiei 


t.  Zeitg.,  1 
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is  developed  from  a  group  of  superficial  cells :  these  multiply  by  repeated  division, 
so  that  a  protuberance  is  formed  consisting  of  a  number  of  rows  of  cells  invested 
by  a  parietal  layer :  the  lerminal  cell  of  the  lowest  of  these  rows  becomes  the 
archesporium,  and  it  is  therefore,  in  this  case  also,  a  hypodermal  cell.  The  cells 
of  the  tapetum  are  derived  entirely  from  the  parietal  cells  of  the  poilen-sac,  just 
as  is  the  case  in  the  sporangium  of  Lycopodium.  Goebel  draws  attention  to  the 
fact  that  in  the  majority  of  the  Cupressinefe  the  pollen-sacs  are  protected  by  an 
outgrowth  of  the  staminal  leaf  which  he  considers  to  be  analogous  to  the  indusium 
of  Ferns.] 

A  formation  of  cells,  recalling  the  rudimentary  development  of  a  prothalltum 
in  the  microspores  of  Sdaginella  and  Isoetes,  takes  place  in  the  pollen-grains  of 
the  ConiferK  before  their  dissemination,  in  the  same  manner  as  in  those  of  the 
CycadeEB  {compare  Fig.  345).  The  process  is  a  very  simple  one  in  Taxus 
Podocarpus,  the  Cupressinese,  Araucaria  and  in  the  true  Pines.  The  contents  of 
the  pollen-grain  are  divided  by  a  septum  so  as  to  form  a  large  and  a  small  cell, 
the  latter  undergoing  no  subsequent  change  (Fig.  351).  In  the  other  Abietineje 
the  septum  becomes  arched  into  the  cavity  of  the  larger  cell,  and  a  second  septum 
is  formed  in  the  smaller  cell,  so  that  a  two-celled  body  is  formed  which  is  situated, 
as  in  the  CycadeE,  at  the  posterioir  end  of  the  grain.  At  this  point  the  extine 
presents  a  spUt'  which  was  formerly  regarded  by  Schacht  as  being  the  basal  cell 
of  the  internal  group,  but  which,  according  to  Strasburger,  arises  In  the  same 
.way  as  the  vesicular  expansions  of  the  estine  found  in  the  grains  of  many  species 
of  Pinus.  Strasburger  has  shown  that  in  all  cases  it  is  the  large  cell  of  the 
pollen-grain  which  grows  out  into  the  pollens-tube,  as  is  the  case  in  Cycadese 
(Fig.  345).  If  we  pursue  the  comparison  with  the  .highest  Cryptogams  which 
has  been  already  initiated,  we  must  regard  the  pollen-tube  as  representing  the 
antheridium  to  some  extent,  and  the  internal  group  of  cells,  formed  before  the 
development  of  the  pollen-tube,  as  corresponding  to  the  vegetative  cell  in  the 
microspore  of  the  Ligulatte,  for,  like  it,  it  undergoes  no  subsequent  change.  A 
peculiarity  which  distinguishes  the  pollen-grain  of  Conifers  from  that  of  Angiosperms 
lies  in  the  rupture  and  final  stripping  off  of  the  extine  by  the  swelling  of  the 
inline  (Fig.  351,  /,  II,  III).  Even  in  this  apparently  insignificant  fact  a  resem- 
blance is  again  seen  to  the  microspores  of  Cryptogams,  and  especially  to  those  of 
Marsiliaceje,  in  which  the  swelling  endospore  protrudes  through  the  exo spore. 

The  structure  of  the  Femak  Flvuiers  is  very  different  in  the  different  sections  of 
Coniferfe,  and  in  some  cases  the  homology  of  the  separate  parts  is  still  doubtful. 
The  position  of  the  ovules,  as  far  as  can  be  judged  from  advanced  stages  of  develop- 
ment, is,  in  particular,  very  variable,  and  with  this  is  again  connected  the  fact  that 
different  opinions  may  be  entertained  as  to  the  part  which  should  be  called  the 
carpel.  The  following  description  of  these  structures,  a  full  discussion  of  which  is 
not  permitted  by  our  limited  space,  is  drawn  immediately  from  the  observation  of 
advanced  stages  of  development ;  it  is  possible,  however,  that  the  direct  observations 
of  the  most  rudimentary  stage  will  cause  an  alteration  in  some  points'. 

The  female  flowers  of  Taxus  spring  from  the  axils  of  foliage- leaves  belonging   . 

'  Compare  Strasbvirger  and  Eiehler,  }ae.  cil. 
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tc  elongated  woodj  &hools  Thej  ha\e  the  fom  of  short  benches  covered  with 
decussate  scale  like  bracts  (tig  348  C  D)  the  a\is  of  the  shoot  ends  in  an 
apparently  term  nal  owAe  the  nucellus  of  which  has  the  apjeirance  of  being 
the  vegetative  cone  of  the  a\is  but  a\  Jiarj  ovules  also  ccur  In  iilisiuria  the 
female  flowers  spring  from  the  ixils  of  foliage  leaves  belonging  to  short  lateral 
branches  which  annuall)  produce  new  rosettes  of  leaves  (Fig  347  -1)  the  single 
flower  consists  of  a  stalk  like  elongated  aMS  which  bears  immediatcl)  beneath  its 
apex  ttto  or  more  rarelj  three  lateral  ovules  Neither  n  this  genus  nor  in  Taxus 
aie  there  anj  tol  ar  structures  close  t)  tie  jvules  whch  eithei  from  their  position 
or  from  tnj  other  circumstance  can  1  e  regarded  as  carpels  In  the  genus  P  io 
larfus  small  flowcnng  shoots  are  developed  spnnging  in  P  chmemis  (according 
to  Braun)  from  the  axils  of  foliage  leaves  in  P  chilmi  from  the  axils  of  verj 
small  scale  leaves  at  the  end  of  elongated  leafy  shoots  they  consist  of  an  a-s  1I 
structure  slender  and  stalk  like  below  club  shaped  above  and  bearing  three  pairs 
of  very  smUI  decussafe  scales  The  floral  a\is  terminates  between  the  uj,per 
pair  the  ovules  m  this  case  anitropous  v^ith  tbeir  m  cropyle  turned  downwards 
and  towards  the  floral  axis  spring  frrm  the  axils  of  ih  s  pair  one  ovule  however 
IS  usuallj  abortive  and  the  ficwer  becomes  one  seeded  In  Phylhcladus  the  lower 
lateral  branchlets  of  the  leaf  like  flattened  shoots  are  transformed  into  female 
flowers  which  are  raised  upon  a  pedicel  and  are  swollen  above  into  the  form  of 
a  club  the  large  ovules  standing  (accordinf,  to  a  drawing  of  Dccaisne  s  )  in  the 
axis  of  small  leaves  In  these  two  genera  the  small  scales  from  the  axils  of 
which  the  ovules  spnng  may  be  regarded  as  carpels  if  it  is  thousfht  necessary  to 
assume  the  existence  of  these  organs 

The  ovules  oi  Juniprus  communis  (Fg  34q  C)  stand  m  whorls  of  threes 
beneath  the  naked  extremity  of  the  floral  axis,  the  flower  springing  as  a  little 
shoot  from  the  axil  of  a  foliage-leaf,  and  its  axis  bearing  whorls  of  three  leaves. 
The  ovules  apparendy  alternate  with  the  three  leaves  of  the  upper  whorl,  and 
hence  must,  from  their  position,  be  themselves  considered  as  metamorphosed 
leaves;  'these  leaves  of  the  upper  whorl  swell  after  fertilisation,  grow  together 
and  become  fleshy,  forming  the  pulp  of  the  juniper-berry  in  which  the  ripe  seeds 
are  entirely  enclosed ;  they  may  therefore  be  termed  carpels.  In  the  other  Cupres- 
sineie  the  flower  consists  of  decussate  whorls  of  two  or  three  leaves,  which  grow 
considerably  after  fertilisation  and  attain  a  considerable  size,  enveloping  the  seed 
and  forming  a  pericarp  which  may  therefore  correctly  be  said  to  be  formed  of 
carpels.  In  Sabina  the  pericarp  is  fleshy  and  berry -like,  as  in  Juniperus;  in  the 
other  genera,  on  the  other  hand  {Thuja,  Cupressus,  Caltiiru  and  Taxodium), 
the  carpels  become  woody  and  assume  the  form  of  stalked  peltate  scales,  or  of 
valves  separating  from  one  another  longitudinally  (Frenela) ;  these  are  closely 
approximate  during  the  development  of  the  seed,  but  afterwards  open  to  allow 
the  ripe  seeds  to  fall  out.  The  erect  ovules  of  Cupressinefe  sometimes  appear 
to  stand  in  the  axils  of  the  carpels;  but  it  is  clear  in  other  cases  that  they 
spring  from  the  carpels  themselves,  either  low  down  near  their  point  of  insertion 

•  [See  Le  Maoul  and  Decaisne's  Descriptive  anii  Analytical  Botany,  edited  by  Dr.  Hooker, 
London  1873,  p.  747.] 
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or  at  a  greater  height  In  Saiina  and  Calhlns  quadri-ahts  (Fig.  352)  only  two 
decussate  pairs  of  carpels  separate  like  a  star  at  the  time  of  flowering ;  in  Sahina 
the  ovules  stand  m  pairs  in  the  a\ils  of  the  two  lo\\er  carpels,  right  and  left  of 
their  median  hne,  some  of  them  being  frequentlv  abortive  m  CalUlris  guadri- 
vahis  a  pair  occurs  on  each  of  the  lower  cirpels  and  a  pair  higher  up;  but  this 
position  can  onlj  be  explained  by  further  invesligation  of  the  history  of  their 
development  In  Thuja  and  Cuptessus  there  are  three  or  four  decussate  pairs  of 
carpels,  in  Taxodium  a  still  larger  number,  in  Tkuja  and  Taxodium  two  erect 
ovules  are  situated  at  the  base  of  each  of  the  central  pairs  of  carpels,  springing 
from  the  nght  and  left  of  their  median  line  ,  in  Cupres&us  there  are  a  considerable 
number  at  the  base  of  each  carpel.  In  Aneuikos  drupatca  and  Frenela  verrneosa 
the  fruits  (in  the  collection  at  Wurzburg)  consist  of  alternating  whorls  of  three 
carpels  opening,  in  the  last  species,  after  the  seeds  become  npe,  like  a  six-Iobed 
capsule  Each  carpel  i-,  swollen  on  its  inner  side  into  a  thick  placenta  ascending 
from  the  base  to  the  apex,  and  beanng  numerous  winded  seeds  which  stand  in 
transverse  rows  of  threes,  there  are  from  four  to  six  of  these  rows  on  each  carpel, 
the  wh  lie  mner  'iide  therefore  beanng  seeds  nearl}  up  to  the  apet 

So  far  as  the  relative  positions  of  the  parts  of  (he  flower  can  be  explained 


without  n-oinc  back  to  their  earliest  stage,  a  great  diversity  is  thus  shown  in  the 
two  fan  1         f  T  se  and  Cupressinete ;    the  ovule  is  terminal  in  Taxus,  lateral 

beneath    h      un  f  the  axis  in  Salisburia,  carpeilary  leaves  appearing  to  be 

entirely  ab  n  \  P  docarpus  and  Phyllodadus  they  are  indicated  indeed,  as  small 
scales,  hoi  jn  ging  from  their  axils;  but  they  are  small  and  do  not  at  any 
time  CO  a  pe       rp.     A  structure  of  this  kind,  in  the  form  of  a  berry  or  of  a 

chambered  woody  fruit,  is  indeed  formed  after  fertilisation  in  the  Cupressinese,  the 
carpels  either  becoming  fleshy  and  growing  together  (as  in  funiperus  and  Sabind), 
or  becoming  woody  and  closing  in  laterally  by  their  peltate  expansions  {as  in 
Cupreous,  Thuja,  and  CallUris),  or  presenting  the  appearance  of  the  lobes  of  a 
unilocular  capsule  {e.g.  Frenela);  but  the  carpels  are  in  tbese  cases  at  first  entirely 
open.  \n.  Juniperus  communis  the  ovules  form  a  whorl  alternating  with  the  carpels; 
in  the  other  genera  they  stand  in  pairs  or  in  lai^er'  numbers  at  their  base,  or  cover 
the  whole  of  their  inner  side  (as  Frenela). 

In  the  Abietinese  the  well-known  cones  are  the  female  flowers  (or  rather  fruits). 
The  cone  is  a  metamorphosed  shoot,  its  gxis  bearing  a  number  of  crowded  woody, 
scales  arranged  spirally,  (he  ovules  arising  on  them  rarely  singly,  usually  in  pairs,' 
occasionally  in  larger  numbers.     In  the  AbietineEe  {Ahies,  Picea,  Larix,  Cedrus,  and 
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Pinus)  the  seminiferous  scales  (Fig.  353,  A,  B,  s)  a|:pear  to  be  axill 
in  the  axils  of  bracts  (1")  which  sptinij  from  the  axis  of  the  cone;   but  the  exami- 
nation of  very  young  cones  of  Abies  peclinata  shows  that  the    seminiferous  scale 
itself  arises   as  a  protuberance  at  the  base  of  the  bract  (c),  and  is  therefore  not 
axillary.     While  tlie  bract  afterwards  grows  very  little  or  not  at  all,  this  protuber- 
ance increases  greailj',  and  produces  on  its  upper  surface  two  ovules  which  are 
attached  to  it  by  one  side  with  the  micropyle 
towards  the  axis  of  the  cone.     The  seminiferous 
scale   of  these  genera  must  therefore   be   con- 
sidered as  a  gready  developed  placenta  growing 
out  of  a  carpel  (Fig,  353  A,  £,  c)  which  is  very 
small  or  even  abortive  '.     According  to  this  view 
the  whole  cone  is  a  single  fiower  with  a  number 
of  small  open   carpels   (hitherto  considered    as 
bracts),  which  are  far  outstripped  in  their  growth 
by  their  seminiferous  placentE  (the  scales).     In 
the  other  Abietinese  also,  the  female  flowers  of 
which  I  have  had  no  opportunity  of  examining, 
it  may  be  concluded  from  the  descriptions  that 
the  cone  is  a  single  flower  with  numerous  semi- 
niferous scales  arranged  spirally,  not  springing 
from  the  axils  of  leaves,   but   growing    imme- 
diately out  of  the  axis  of  the  cone,  and  therefore 
themselves    leaves    and   of  a   carpellary  nature. 
Eichler   (/.  f.)    says,  in  reference  to  Dammara, 
Cunninghamia,  Arihrolaxis,  and  Sequoia  .-^'The 
scales  of  a  cone  are  in  these  genera  all  of  one 
kind;  they  consist  simply  of  open  carpels;  and, 
in  order  not  to   introduce   confusion    into    the 
definition  of  a  flower,  the  whole  of  what  is  found 
on  the  axis,  in  other  words  the  whole  cone,  must 
FIG. 3S3.-.v*ifj/M,„a«(ifi«sciiachi),  Ai     ^^  consldered  a  single  flower;  and  this  is  also 
Lbl!4rria''ij^™^^li^  ^ti ^b^^'™      necessary  in  the  case    of  the    Araucariefe,  the 
eM«(OT^^ul'iiitiureHjKrjifamaSS°^      CupressineEB,  and  the  male  'catkins'  of  all  Coni- 
Mminikr^'"iJ='  Tt" i^' il^ev^l%^''Zx      fefEB '.'     In   Araucaria   each    scale    (or   carpel) 
(^m:'^).'°"'  '"^^  "'  ^  ""'  "'"^  °'  ""  '^"'      bears  only  a  single  ovule,  which,  according  to 
Eichler,    is   so   enveloped    by   it  that  the  only 

'  Brauii,  Caspary,  and  Eichler  consider  the  seminiferous  scale  in  Pinus  and  Larix  as  itself  a 
flower;  i.e.  as  a  short  axis  which  has  coalesced  with  its  two  carpels  and  stands  in  the  axil  of  the  bract 
<e  io  our  figure).  In  that  case  the  cone  of  these  genera,  in  contradistinctiou  to  that  of  the  other 
Conifene  and  of  Cycadea,  would  be  an  inflorescence  (c/.  Caspary  in  Ann.  des  Sci.  Nat.  4th  series, 
vol.  XIV,  p.  200,  and  Flora,  i86j,  p.  377) ;  but  this  view  I  have  already  contested  more  in  detail  in 
my  first  edition,  p.  427.  It  is  impossible  lo  consider  the  seminiferous  scale  of  Piwus  ajid  ^iies  itself 
as  a  single  carpel.  In  opposition  also  to  the  most  recent  views  of  Mobl  (Bot.  Zeitg.  iSji.p.  21,  and 
of  Strasbuiger),  I  cannot  bring  myself  to  consider  the  seminiferous  scale  of  the  (rue  Abietinea;  as  a 
coherent  struclure  formed  of  two  leaves  of  an  undeveloped  branch. 

'  Eichler  thinks  that  an  exception  must  be  made  in  favour  of  Podoiarpus  and  Ccphatolaxm. 
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Opening  left  !•>  that  of  the  n  icropyle  which  faces  the  axis  of  the  cone ;  in  Cun- 
ninghamia  tlere  are  three  o\ules,  in  Arlkrolaxis  from  three  to  five,  in  Sequoia 
from  fi^e  to  seven  in  Sciad pilys  as  many  as  seven  or  eight  on  one  scale,  and 
their  micropyle  here  also  faces  the  axis  of  the  cone.  In  Dammara  the  scale 
beics  according  to  Endlcher^  only  one  ovule  which,  like  those  oS  Sequoia  and 
5  lad ptijs    are  inbcrtel  near  the  apex  and  hangs  down  free'. 


'  [Van  Tieghem  has  been  led  by  studying  the  distribution  of  (he  bundles  in  the  different  parts  of 
the  female  hud  of  ConiferEe  to  Ibe  opinion— different  from  that  expressed  by  Sachs— that  the  female 
flower  throughout  this  group  of  plants  is  in  every  case  constructed  after  a  single  fundamental  type 
which  has  undei^one  various  secondary  modifications.  He  has  given  in  a  note  to  his  French  trans- 
lation of  the  present  work  Ihe  following  abstract  of  the  conclusions  which  are  worked  out  in  greater 
detail  in  his  paper  already  cited  in  the  Annates  des  Sciences  Naturelles. 

Neither  the  axis  of  the  female  hud  nor  its  leaves  or  bracts  of  the  first  order  ever  bear  ovules.  It 
is  always  upon  structures  arising  from  the  axiis  of  these  bracts  that  the  ovules  make  their  appearance. 
This  establishes  3  fundamental  distinction  between  Cycadeie  and  Conifcrse.  In  the  former  group  it 
is  always  the  leaves  of  the  female  bud  of  the  first  order  that  produce  the  ovules  directly.  While 
therefore  we  may  regard  the  female  bud  in  Cycadefe  as  well  as  the  male  as  contiibuling  a  single 
flower,  this  does  not  hold  good  in  the  case  of  Coniferse.  We  may  if  we  please  regard  the  male  bud 
of  Cooiferie  as  a  single  flower,  but  the  female  bud  is  an  inflorescence.  The  structure  which  bears 
the  ovule  in  Conifer;e  is  always  a  foliar  organ — the  first  and  only  leaf  of  an  axis  which  undergoes  no 
further  development.  This  leaf,  which  is  more  or  less  largely  developed  beyond  the  drcumscrlption 
of  the  ovule  or  ovules  which  it  bears,  is  an  open  carpel  and  in  itself  constitutes  the  whole  female 
flower.  It  is  always  inverted,  that  is  to  say,  it  arises  upon  the  suppressed  axis  which  bears  it  with 
its  ventral  face  opposite  to  and  united  with  the  ventral  face  of  the  primary  bract.  When  the  ovules 
do  not  terminate  the  carpel,  it  is  upon  its  structurSlly  dorsal- — but  in  respect  of  poation  upper — -face 
that  they  arise,  just  as  it  is  upon  its  structurally  dorsal  —  but  in  respect  of  position  lower — face  that 
the  pollen  sacs  arise  upon  Ihs  stamen. 

This  is  the  general  type.  It  remains  to  consider  the  principal  secondary  modifications  which  are 
superinduced  upon  it  in  the  different  genera. 

The  axillary  branch,  which  is  reduced  to  its  first  leaf,  is  most  frequently  of  the  first  generation 
in  respect  to  the  axis  of  the  female  bud ;  but  it  is  also  sometimes  of  the  second  (Traas)  and  may 
even  be  of  the  third  order  (Torreya).  The  carpel  itself  is  either  entirely  distinct  from  the  parent 
bract  (the  Pine^,  Taxine^)  or  the  two  leaves  are  united  together  by  their  ventral  surfaces  and  are 
only  separate  towards  their  summit  (Cupressinefc,  Sequoies,  Arancarieje).  This  difference  merely 
depends  upon  a  different  localisation  of  the  intercalary  growth  of  the  two  leaves ;  it  is  a  difference 
the  same  in  kmd  as  that  which  separates  a  (iialypetalous  corolla  from  a  gamopetalous  one.  Whether 
free  or  united  with  the  bract,  the  carpellary  leaf  bears  its  ovules  sometimes  towards  its  base 
(CupressineEe),  sometimes  towards  its  middle  (Pineze),  sometimes  towards  its  summit  (Araucarie^)  ; 
each  represents  a  lobe,  more  or  less  developed,  of  the  dorsal  face  of  the  carpel. 

In  the  Taxine^  the  ovules  terminate  the  carpellary  leaf;  they  result  in  this  case  from  the  trans- 
formation of  its  whole  entire  limb,  whether  each  half  of  the  limb  forms  an  ovule  (Salisbvria,  Cepha- 
lolaxus).  or  whether  the  entire  limb  has  only  produced  a  single  one  {Podoearpus,  Phyllocladus,  Taxuf, 
Torreya,  &c.).  In  this  case  it  is  evidently  only  the  petiole  of  the  ovuliferous  leaf  which  represents  the 
carpel ;  if  the  petiole  is  long  (Salisbaria)  the  carpel  is  obviously  developed  ;  hut  if  it  remains  very 
short  (Cepkalolaxus,  Podocarpus,  Phyllodadus,  Taxas,  Torreya,  &c,)  the  carpel  is  almost  absent— in 
otl.er  words,  the  carpellary  leaf  is  reduced  to  a  sessile  limb  completely  converted  into  a  single  oviJe 
(Podocarpas,  Taxui,  &c.)  or  into  two  ovules  {Cepkalolaxus).  The  number  of  the  ovules  which  each 
carpellary  leaf  bears,  as  well  as  the  number  of  carpellary  leaves  themselves,  that  is  to  say,  of  the 
female  floweis  which  enter  into  the  composition  of  the  inflorescence,  both  vary,  and  may  even  be 
siniullaneously  reduced  lo  unity,  which  is  the  ordinary  case  in  Taxus.] 

'  [For  a  review  of  the  literature  of  the  question  whether  the  ovules  of  Conifers  are  really  naked 
or  whether  there  is  a  true  ovary,  see  Eichler,  "Sind  die  Coniferen  gymnosperm  odernicht?'  in  'Flora 
for  1873,  translated  in  Trans.  Bot.  Soc.  Edin.  1873,  pp.  535-541.  Dr.  Eichler  here,  in  opposition  to 
the  contrary  view  of  Strasburger,  sums  up  the  whole  argument  strongly  in  favour  of  the  opinion  that 
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The  Otu/es  (macrosp  rangia)  as  we  have  ■ilrea(l\  seen  are  in  the  Podocarp era 
anatropous  and  furnished  with  tvvo  inttgumcnts  in  the  rest  of  LonLlerK  the>  are 
orthotropOTis  ind  possess  onlj  one  integument  m  the  Cupres'-meE  and  TaMnese 
thej  are  erect  in  the  Abietine'e  inverted  with  the  microp\le  towards  the  base  of 
the  scale  to  which  the  ovules,  are  u'^uallj  attached  on  one  side  In  these  cases 
there  is  no  funiculus  and  the  ovule  cons  '.ts  onlj  of  the  small  telled  nucellus  and 
one  integument  wh  th  usualh  projects  above  it  and  forms  a  comjaiitiveh  wide 
and  lont,  mcrop)lar  canal  through  «hich  the  pollen  grains  reach  the  apex  of 
the  nucellus  which  is  sometimes  depressed  (see  Figs  347  348  349  35')  Lateral 
outgrowths  of  the  integument  not  unfrequentlj  cause  the  ovule  and  afterwards 
the  seed  to  appear  winded  on  both  sides  as  in  Callilns  quain  alvu  (Fig  352) 
Frtnela  &.c  The  wing  like  appendage  of  the  seed  of  Finus  and  ibi  s  on  the 
other  hand  is  the  result  of  the  detaching  of  a  plate  of  tissue  from  the  semin  ferous 
scale  which  remains  attached  lo  the  ripe  seed 

[The  De<.  lopm  nt  of  tht  O  ule  and  /  Ih  Embryo  sa  The  devel  pment  of  the 
ovule  begins  m  Taxus  ^accordinf,  to  Strasburger  Angiospermen  und  Gimno 
spermen)  with  the  division  parallel  to  the  surface  (periclmal)  of  a  group  of  h\po 
dermal  cells  at  the  fundum  1  getijionu  of  a  lateral  branch  and  this  is  followed  by 
similar  divisions  m  the  overljing  epidermis  The  rudiment  of  the  ovTile  is  sur 
rounded  bi  a  projecting  ring  of  tissue  aho  developed  by  the  division  of  h^podermal 
cells  vihch  IS  the  first  indication  of  the  integument  The  oiule  elongates  m 
con^icquence  )f  growth  and  repeated  cell  divis  ons  and  consists  internallv  of  a 
number  of  longitulinal  rows  of  cells  which  have  all  been  denved  from  the  hypo 
dermal  la>eT  nvested  b\  several  layers  of  cells  which  have  been  derived  from  the 
epidermal  la>er  The  apical  cells  of  these  interna!  rows  are  distinguished  by  their 
size  and  by  the  granuUrity  of  their  protoplasm  thev  const  tute  the  a  chesporium 
the>  are  surrounded  bj  tapetal  cells  but  it  is  not  clear  whether  the  tapetum  is 
denved  from  the  archespor  um  or  Irom  the  surrounding  cells  of  the  m  cellus  One 
but  sometimes  m<  re  of  the  archesponal  cells  usually  the  central  one  divides  so  as 
to  form  three  cells  lying  one  above  the  other  and  it  is  the  lowest  of  these  wh  ch 
enlarges  and  becomes  the  embryo  sac  The  development  of  the  ox  ule  m  Ginkgo 
hi  bi  and  in  Podocarpus  chtnemts  follows  essentiallj  the  same  course  as  does  also 
that  of  Thuja  0  ctienlihs  It  will  be  observed  that  in  these  plants  several  embr>o 
sacs  are  frequently  indicated  at  first  but  only  one  attains  perfect  development. 

In  the  Abietmese  {Lartx  turopaa,  Pmus  sylvestns  and  Pumiho)  the  multipli 
cation  of  cells  by  the  repeated  division  of  the  hypodermal  and  epidermal  cells  is 
much  less  considerable.  The  archesporium  is  unicellular;  as  it  elongates  a  small 
cell  is  cut  off  from  it  towards  the  free  surface  of  the  ovule,  which  is  a  tapetal  cell ; 
the  lower  cell  now  divides  into  two,  and  of  these  two  the  upper  divides  again  into 
two ;  the  lowest  of  these  three  cells  developes  into  the  embryo-sac.  Only  one 
embryo-sac  is  ever  indicated  in  the  group. 

A  section  of  the  young  ovule  of  one  of  the  Cupressinese,  before  the  embryo- 
sac  is  developed,  presents,  as  Goebel  has  pointed  out,  a  considerable  similarity 


the  Conifers  are  really  gylnnospermous.    In  his  roost  recent  morlt  on  the  subject  (Die  Angiospermen 
und  die  Gymnospermen)  Strasburger  accepts  the  view  of  the  gymncBpermous  nature  of  the  ovule.}   ■ 
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to  a  section  of  a  young  sporangium  of  Lycopodium :  the  archesporium  consists 
in  both  cases  of  a  group  of  cells  bounded  by  a  tapetal  layer.  There  is  reason, 
inasmuch  as  their  mode  of  development  is  the  same,  to  regard  these  cells  in  the 
Cupressinese  as  being,  like  the  archesporial  cells  of  Lycopodium,  spore -mother-cells ; 
but  whereas  in  Lycopodium.  each  of  these  mother-cells  produces  four  spores,  in 
the  Cupressjnefe  only  one  of  them  persists  and  it  produces  only  one  spore,  the 
embryo-sac.  The  embryo-sac  is  then  the  equivalent  of  the  macrospore  of  the, 
heterosporous  Vascular  Cryptogams. 

In  the  AbietineK,  the  archesporium  has  become  much  reduced  as  compared 
with  that  of  the  Cupressineje  The  Cupressinefe  resemble  the  higher  Vascular 
Cryptogams  in  the  mode  of  develdpment  of  the  ovule  and  embryo-sac,  whereas  the 
Abietineie  approach  the  Atig  10 sperms.] 

Development  of  the  Endosperm  i^iQiki^aXvoxfi).    The  first  h    d      1pm 

of  the  endosperm  is  the  division  of  the  nucleus  of  the  embr>  h     f   h 

nuclei  divides  again,  and  this  process  is  repeated  until  a  nun  b       f        1     h        b 
formed  which  lie  in  the  peripheral  protoplasm.    Around  each        1         h    p        plis 
becomes  marked  off  by  an  ectoplasmic  layer,  cell-walls  a      f  i        d    h 

or  two  layers  of  endosperm-cells  are  formed  in  the  embrj  ! 

wall.     These  cells  grow  in  the  radial  direction,  and  divide  h       m  h 

the  embryo-sac  is  filled  with  parenchymatous  tissue.     In    h        C      f  ne  1     h 

the  seeds  take  two   years  to  ripen,  as  Pinus  sylvestris       A  J     p  m 

the  endosperm  formed  in  the  first  summer  is  again  abs    b  d  m    h      p     g     h 
protoplasm  of  the  primary  endosperm-cells  is  set  free  by  t      d  1  q  f  h 

cell-walls,  and  forms  by  division  a  ijumber  of  new  cells  whi  h       M  j    f  h  d 

year,  again  fill  with  parenchymatous  tissue  the  embryo-s  d 

creased  in  size. 

The  archegonia  (corpuscula)  are  developed,  according        S  g  b 

vations,  from  superficial  cells  of  the  prothallium  (endosperm)         h     sam     m 
as  the  archegonia  of  the  highest  Cryptogams,     The  moth         11 
and  is  divided  by  a  septum  parallel  to  the  surface  of  th  ml  y 

a  large  inner  (lower)  cell  is  thus  formed,  the  central  cell     f    h  I   g        ra       d 

an    upper   small  one,    lying   next    the    embryo-sac    from      h    h     h     n    k      f    h 
archegonium  is  formed'.     In  Abies  canadensis  this  neck      m  mp  d 

cellular,  and  elongates  considerably  with  the  increase  in  f    h  d    g 

endosperm;    but  usually  the  original  cell  which  constilut       h  k  d     d 

several  cells  which  either  lie  only  in  one  plane  (Figs.  35  Ad  55  I  if)  h 
'  stigmatic  cells,'  or  form  several  layers  lying  one  over  ano  I 
and  Ptmis  Pinaster).  Seen  from  above  the  neck  appear 
or,  in  Abies  exce/sa,  even  an  eight-celled  rosette.  The  h 
culum '  with  the  archegonium  of  Vascular  Cryptogams,  al 
earlier  investigations  of  Hofmeister,  is  carried  a  step  furth 
discovered  the  formation  also  of  a  canal-cell.  He  consid  h  h  p  rt  f  h 
protoplasmic  contents  of  the  large  central  cell  wliich  lies    mm  d      Ij  b        th    h 


( 

f    ir 


'  Hoftneisfer  (Vei^leichende  Untersnchungen,  p.  1 
)rigiii  of  the  archegonium  [Germination,  &c.,  p,  410}, 


19)  give 


iwhat  different  account  of  tlie 
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neck  is  separated  from  the  rest  by  division,  and  a  small  cell  is  tlius  formed  shoitly 
before  fertilisation  (i.e.  before  the  access  of  the  poUen-tube  to  the  endosperm); 
this  cell  being  clearly  equivalent  to  the  canal-cell  so  often  mentioned  in  Vascular 
Cryptogams  which  is  afterwards  converted  into  mucilage '.  In  Aii'es  canadensis  and 
excdsa  and  Pinus  Larix  this  canal-celi  is,  according  to  Slrasburger,  very  evident; 
while  in  the  Cupressinete  (Thuja,  Juniperus,  and  Callilris)  its  demarcation  from  the 
rest  of  the  contents  of  the  central  cell  is  only  slight.     As  in  those  Vascular  Crypto- 


gams where  the  ventral  part  of  the  archegonium  is  plunged  in  the  tissue  of  the 
prolhallium,  the  neighbouring  cells  become  transformed  by  further  divisions  into  a 
parietal  layer  surrounding  the  oosphere,  so  the  same  thing  takes  place  also  in  the 
endosperm  of  Coniferse.  In  the  Abielineie  each  archegonium  is  separated  from  an 
adjacent  one  by  at  least  one,  often  by  a  large  number  of  layers  of  cells  :  those  of  the 
CujjressineEe,  on  the  other  hand  (Fig.  355,  ip),  are  in  lateral  contact.     The  arche- 
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gonia  of  Taxus  are  short ;  in  those  of  the  AbietineK  the  oosphere  is  elongated ; 
in  the  Cupressineje  it  becomes  angular  from  the  pressure  of  the  adjacent  cells. 
The  number  of  the  archegonia  which  are  formed  in  the  endosperm  beneath  the 
apex  of  the  embryo-sac  is  very  various ;  Hofmeister  and  Strasburger  stale  that  in 
the  Abietineffi  it  is  from  three  to  five,  in  the  Cupressinese  from  live  to  fifteen  j 
(according  to  Schacht  it  may  even  be  thirty),  in  Tajcus  baccala  from  five  to  eight. 
The  continuous  growth  of  the  surrounding  endosperm  causes  the  forn 
funnel-shaped  depressions  above  the  archegonia,  wlilch  in  some  AbieiincK  a 


shallow,  in  Pinus  Pinaster,  P.  Strobus,  &c.,  deep  and  narrow.  In  these  species  each 
of  the  funnel-shaped  depressions  leads  down  only  to  the  neck  of  one  archegonium ; 
in  the  Cupressinefe  {Callitris,  Thuja,  and  JuniperusY  where  they  lie  closely  crowded 
together,  the  cluster  of  them  is  walled  round  by  the  endosperm,  and  a  funnel  is 
formed  common  to  them  all,  which  still  remains  closed  by  the  cell-wall  of  the 
embryo-sac. 

Fertilisation.    The  pollination  of  the  ovules  lakes  place  before  the  archegonia 
are  formed  in  the  endosperm ;  the  pollen -grains,  having  reached  the  apex  of  the 
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one  pollen-tube  suffices  for  the  fertilisation  of  the  whole  group  of  archegonia  beneath 
the  broad  funnel  of  the  endosperm.  The  tube  entirely  fills  up  the  funnel  and  applies 
itself  to  the  necks  of  the  whole  group  of  archegonia ;  short  narrow  protuberances 
from  the  wide  pollen-tube  now  grow  into  the  separate  necks  of  the  archegonia, 
forcing  the  neck-cells  from  one  another  and  destroj'ing  them,  and  at  length  reaching 
the  oosphere.  The  same  process  takes  place  in  the  AbietincEe  and  Taxinese;  the 
pollen-tube,  after  widening,  becomes  narrower  and  enters  the  neck  of  only  one 
archegonium,  and  penetrates  finally  as  far  as  the  oosphere.  A  thin  spot  may  be 
observed  at  the  extremity  of  this  protuberance  of  the  thick-walled  pollen-tube,  which 
obviously  facilitates  the  escape  of  the  fertilising  substance ;  and  this  is  probably 
assisted  by  the  pressure  exerted  hy  the  tissue  which  lies  above  on  the  part  of  the 
pollen-tube  outside  the  archegonium.  Hofmeister  states  that  a  few  free  primordial 
cells  (Fig.  355, 1)  are  sometimes  formed  in  the  end  of  the  pollen-tube,  which  he  was 
inclined  to  consider  as  rudimentary  indications  of  mother-cells  of  antherozoids 
(corresponding  somewhat  to  those  in  Salvinia),  and  Strasburger  has  detected  the 
existence  of  bodies  of  this  kind  m  Juniperus  and  Pinus.  [The  process  of  fertilisation 
takes  place,  according  to  Strasbu^ge^^  as  follows.  Injuntperus  virginiana  he  ob- 
served that  when  the  apex  of  the  poDen-tube  reached  the  archegonia,  the  primordial 
cells  in  the  end  of  the  tube  arrange  themselves  so  that  they  lie  over  the  archegonia. 
These  cells  now  undergo  absorption,  the  more  anterior  ones  disappearing  first.  He 
frequently  detected  in  the  oosphere  of  Picea,  at  the  time  of  fertilisation,  two  nuclei. 
One  of  these  is  the  nucleus  of  the  oosphere,  and  may  be  termed  the  '  female  pro- 
nucleus ;'  the  other  appears  to  have  passed  into  the  oosphere  from  the  pollen-tube, 
and  is  the  'male  pronucleus'  {sper  ak  n)  Tie  e  two  nu  le'  oalesce  to  form  the 
definitive  nucleus  of  the  oospore  I  eem  ha  n  add  on  o  the  nuclear  sub- 
stance, a  certain  amount  of  pro  oplasn  also  pa  ses  no  h  oosphere  from  the 
pollen-tube,  and  fuses  with  the  \  o  opla  m  of  he  oosphe  e  The  pollen-tube  of 
the  Abietinese  contains  a  conside  able  numbe    of  sta  ch  ^     ns  and  these  too  are 


'  In  Sallsburia  {Gingio  bilota)  fertilisation  does  not  lake  place  until  October,  when  the  seed  is  ripe 
and  has  already  fallen  off.  The  embryo  is  developed  within  the  setd  during  the  winter  months.  (See 
Strasbui^er,  Die  Coniferen  und  Gnetaceen,  187a,  p.  sgi.) 

'  (^Ueber  Befruchliing  und  Zelllheilung,  18,-8.] 
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conveyed,  probably  in  a  soluble  form,  into  the  oosphere.  In  the  Cupressinete,  the 
pollen-tube  contains  no  starch -grains,  but  they  appear  abundantly  in  the  nucleus  of 
the  oospore.  The  pollen-tube  remains  completely  closed  during  the  whole  process. 
The  first  manifest  result  of  fertilisation  in  the  oospore  is  the  division  of  its  nucleus*. 
In  Pitms  and  Pi'cea  the  nucleus  usually  travels  to  tbe  lower  end  of  the  oospore  ;  it 
then  divides  into  two,  and  each  of  these  divides  again  into  two,  and  thus  four  nuclei 
are  formed  which  lie  in  one  horizontal  plane.  Around  each  of  them  protoplasm 
becomes  aggregated,  and  thus  a  formalion  of  cells  takes  place.  It  is  from  these  cells 
that  the  embryo  or  embryos  are  developed.  Exactly  the  same  takes  place  in/um'perus. 
In  Ginkgo  {SaUsburid)  the  nucleus  divides,  and  this  is  repeated  until  a  large  number 
of  nuclei  have  been  formed;  a  process  of  free  cell- formation  is  then  initiated  round 
these  nuclei ;  the  cells  become  separated  by  cellulose  walls,  multiply  by  division,  and 
together  constitute  the  embryo,] 

The  mode  of  origin  of  the  embryo  is  very  different  in  the  various  families,  but  in 
nearly  all  of  them  certain  cells  form  a  suspensor,  and,  by  their  great  elongation,  carry 
the  rudimentary  embryo,  which  lies  at  the  apex  of  the  suspensor,  through  the  base  of 
the  archegonium  out  into  the  tissue  of  the  endosperm  where  the  embryo  developes 
into  a  young  plant^.  In  the  Cupressinese  the  cell  from  which  the  embryo  is  de- 
veloped (Fig.  355)  becomes  divided  so  as  to  give  rise  to  three  superposed  cells,  of 
which,  in  Thuja  occidentalis,  only  the  upper  two  become  divided  into  four  by  longi- 
tudinal walls,  whilst  in  the  lowest  the  rudiment  of  the  embryo  is  formed  by  means  of 
oblique  septa  :  the  embryo  is  then  extruded  from  the  archegonium  by  the- elongation 
of  the  upper  cells.  In  this  case  an  oospore  gives  rise  to  a  single  embryo,  growing 
at  first  by  means  of  an  apical  cell  from  which  two  rows  of  segments  are  cut  off  but  " 
which  it  afterwards  loses.  In  Juniperus,  on  the  other  hand,  the  lowermost  of  these 
three  cells  becomes  divided  into  four  by  intersecting  longitudinal  walls,  which  are 
forced  out  by  the  elongation  of  the  cells  above  them  ^  these  four  cells  become 
rounded  off  and  they  separate,  each  giving  rise  to  a  rudimentary  embryo.  In  this 
case  one  oospore  gives  rise  to  four  embryos,  only  one  of  which  developes  into  a 
plant.  The  first  development  of  the  suspensor  in  the  Abietbese  is  somewhat 
different.  The  four  cells  lying  side  by  side  in  one  plane  become  divided  by  trans- 
verse septa  so  as  to  form  three  tiers  ;  the  cells  of  the  second  tier  grow  out  into  long 
coiled  filaments,  whereas  those  of  the  uppermost  tier  remain  in  the  oospore  as  a 
rosette :  the  four  cells  of  the  lowest  tier,  which  have  been  forced  into  the  endosperm 
by  the  elongation  of  those  above  them,  are  repeatedly  divided  and  thus  contribute  to 
tl  e  elong  on  of  the  suspensor ;  the  four  rows  of  cells  then  separate,  each  bearing 
a  en  nal  cell  from  which  the  rudiment  of  the  embryo  is  developed  in  such  a 
man  e  1  ihe  possibility  of  the  existence  of  an  active  apical  cell  is  excluded ', 
Tl  us    n    he  Abietine»  also  four  rudimentary  embryos  are  developed  from  a  single 

[St  ssb    ger.  ZdlbilJung  und  Zelltheiliing,  3rd  edition,  p.  46.] 

"  [Strasbutger  has  observed  (Angiosfermen  u.  Gymnospermeii,  p.  149)  that  in  Cephaloiaxus  Far- 
lunei  and  in  Araucaria  brasiliana  certain  cells  at  the  apeit  of  the  embryo  are  thrown  off  when  it  has 
made  its  way  into  the  endosperpi.] 

'  [Skrobiszewski  has  pointed  out  (Bull,  de  la  Soc.  Imp,  des  Natural,  de  Moscow.  i87j),  and  his 
observations  have  been  confirmed  by  Strasburger  (Die  Angiospennen  und  die  Gymnospermen),  that 
the  embryo  of  Pinus  Sirobia,  unlike  that  of  the  other  AbietincEe,  grows  in  length  by  means  of  a  two- 
sided  apical  cell,] 
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oospore  ;  but  Picea  vulgaris  in  this  group  resembles /uw/cr/u  in  the  precedinET-  in 
that  only  a  single  embryo  is  developed.  In  Taxus  baccaia  the  rudiment  of  the 
embryo  consists  of  two  or  three  tiers  of  cells,  the  upper  of  which  elongate  to  form 
the  suspensor :  the  lower  tier  consists  of  from  four  to  six  cells,  one  only  of  which 
gives  rise  to  the  embryo  ;  the  suspensors  do  not  become  isolated  (Fig.  354)-  In 
SaJisburia,  according  to  Strashurger,  no  suspensor  is  formed  :  the  cells  which  are 
formed  in  the  oospore,  afler  fertilisation,  form  a  coherent  mass  of  tissue,  which 
increases  by  cell -division,  and  tliis  constitutes  the  embryo. 

It  appears,  therefore,  that  several  embryos  can  be  produced  from  one  oospore ; 
the  number  within  a  single  endosperm  being  increased  by  the  simultaneous  fertilisation 
of  severa  larchegonia.  Polyembryony,  which  is  rare  among  Angiosperms  (see  infra), 
is  thus  the  typical  condition  among  Conifers  and  generally  am^lng  Gymnosperms, 
but  only  in  the  very  earliest  stage  ;  for  usual5y  only  one  of  the  rudiments  developes 
into  a  vigorous  embryo,  silch  as  has  already  been  described.  During  its  development 
the  endosperm  also  continues  to  grow  vigorously;  its  cells  become  filled  with  reserves 
of  food-material  (fat  and  albuminoids) ;  the  embryo-sac  which  surrounds  it  grows  at 
the  same  lime,  and  finally  supplants  the  tissue  of  the  nucelius,  the  tissue  of  the  in- 
tegument hardening  at  the  same  time  into  the  lesta.  In  Salisburia,  however,  an 
outer  strong  layer  of  tissue  forms  the  pulpy  envelope  which  causes  the  seed  to 
reseiDble  a  drupe.  The  elongated  cells  of  the  suspensor  usually  disappear  during 
these  processes,  but  according  to  Schacht  are  permanent  in  Larix. 

During  the  period  that  the  seeds  are  ripening,  the  carpels  and  the  placentae 
also  continue  to  grow  and  to  undergo  changes  in  texture.  In  Taxus  a  red  aril, 
which  afterwards  becomes  pulpy,  grows  round  the  ripening  seed  (Fig,  348  m);  in 
Podocarpus  the  part  of  the  floral  axis  that  bears  the  scales  and  the  seeds,  and  which 
was  already  considerably  swollen,  becomes  fleshy;  in  Juniperus  and  Sabina  the 
carpels  themselves  form  the  blue  '  berry'  which  envelopes  the  seeds ;  in  most  other 
Cupressinese  the  carpels  grow,  close  up  laterally  and  become  woody ;  and  the  same 
occurs  in  those  Abietineae  w4iich  are  without  bracts  (in  respect  to  Cunningkamia, 
vide  supra);  while  in  Pinus,  Abies,  Cedrus,  and  Larix,  it  is  the  placental  scales 
which  after  fertilisation  grow  vigorously,  outstripping  in  their  growth  the  true  carpels 
(bracts),  become  woody,  and  form  the  mature  cone.  In  all  these  cases  (except 
Podocarpus,  Salisburia,  and  Taxus),  the  seed  is  closely  and  firmly  enclosed  during 
ripening  by  the  carpels  or  placental  scales;  it  ripens  within  the  fruit,  the  parts  of 
which  do  not  again  separate  or  become  detached  (as  in  Abies  peciinalo)  in  order  to 
allow  of  the  escape  of  the  seeds  until  they  are  completely  ripe. 

So  long  as  we  are  still  in  doubt  as  to  the  nature  of  the  female  flowers  of  various 
genera,  the  systematic  arrangement  of  the  Coniferse  can  only  be  considered  as  provi- 
sional; Endlieher  (Synopsis  Coniferarum,  1847)  distinguishes  the  foilowing  families: — 

Family  1.  GupreBstneffi.  Leaves,  includitig  those  of  the  flowers,  opposite  or 
verticillate  (in  Division  e  single) ;  flowers  moncecjous  or  dicecious ;  stamens  terminating 
in  a  shield-lite  expansion  bearing  pollen-sacs  in  twos  or  threes  or  larger  numbers; 
female  flower  consisting  of  alternate  whorls  of  carpels,  bearing  at  iheir  base  or  on  their 
inner  surface  two  or  a  larger  number  of  erect  ovules  (in  Juniperus  communis  the  ovules 
are  alternate  with  the  three  carpels  on  the  floral  axis) ;  embryo  «'ith  two,  rarely  three 
or  nine  cotyledons. 
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(a)  Juniperinfa.     F'ruit  berry-like  {Janlperm,  Satina). 

(b)  Act'mostrobeiF.     Carpels  united  into  valves ;  afterwards  separating  as  a  four-  or 

six-rayed  stir  (IViJdr'mgtonia,  Frenela,  Actlnoitrohm,  Callitrh,  Libocfdruj). 

(c)  Ihujops'ideix.     Carpels  partially  overlapping  one  another  {Biota,  Thuja,  Tbujo/ijis.) 

(d)  Cupresi'meai   -ver/e.      Carpels    peltate   and   polygonal   in   front   (Ca/>rejjui,   Cbi- 

macjparii). 

(e)  Taxodineir,      Carpels  peltate  or  overlapping;    leaves  alternate    (laxadium  Gly- 

ptostrobuj,  Cryplomeria). 

Family  2.  Abietinete.  Leaves  usimlly  acicular  and  ai-ranged  spirally,  singly,  or  in 
twos,  threes,  or  rosettes  on  special  short  siioots ;  flowers  monoecious,  rarely  diiecious : 
stamens  numerous,  with  two  or  more  long  pollen-sacs ;  female  flower  consisting  of 
a  number  of  scale-like  placentae  arranged  spirally,  which  are  eitlier  themselves  carpels  or 
are  lignified  outgrowths  of  small  carpels ;  micropyle  of  the  ovule  turned  towards  the  base 
of  the  placenta;  embryo  with  from  two  to  fifteen  cotyledons. 

(a)  Abietlneat  -vene.     Seeds  in  pairs  on  a  scale-like  placenta  which  springs  from   3 

small  open  carpellary  leaf  (Piaui,  AbUs,  Titiga,  Larix,  Cedruj). 

(b)  Araacariem.     Seed  single  on  the  carpel,  and  enveloped  by  it  {Araucarla). 

(c)  Cunn'mghamka.     Seeds  single   or  numerous  on  a  carpe!   [Dammara,   Ciinmng- 

bamia,  Arthrotaxis,  Sequoia,  Sciadofitjs). 

Family  j.    Fodocarpeee.     Leavesacicularorbroader.andarranged  spirally ;  flowers 
moncecious  or  dicecious ;  stamens  short,  with  two  roundish  pollen-sacs;  female  flower 
consisting  of  an  axis  swollen  above  with  small  scale-leaves,  from  the  axils  of  which  (>) 
the  ovules  spring;  embryo  dicotyledonous. 
Podocarfus  {Dacrydiam,  Microcachiyj). 

Family  4,  Taxinee.  Leaves  arranged  spirally,  acicillar  or  often  of  considerable 
breadih ;  in  PbyHocladui  there  are  no  foliage-leaves,  these  being  replaced  by  leaf-like 
branches;  flowers  always  dicecious  ;  stamens  of  various  forms,  bearing  two,  three,  four, 
or  eight  pendent  pollen-sacs ;  female  flowers  always  consisting  of  a  naked  axis  or 
of  one  furnished  with  small  leaves,  bearing  the  erect  ovules  terminally  or  laterally ; 
ripe  seed  enclosed  in  a  fleshy  aril  or  with  the  outer  layer  of  the  testa  fleshy  ;  embrjo 
dicotyledonous. 

Pfyllocladuj,  Satiiburia,  Cephnlotaxui,  Torreya,  Taxus. 


C.    GNETACE^'. 

This  order  includes  three  genera  which  differ  strikingly  in  habit.  The  Ephedras 
are  shrubs  with  no  foliage-leaves  and  with  long,  slender,  cylindrical  green-barked 
branches  ;  at  the  joints  of  the  stem  are  two  opposite  minute  leaves  which  grow 
together  into  a  bidentate  -sheaih,  and  from  their  axils  the  lateral  branches  spring. 
In  Gnelum  the  leaves  are  also  opposite  on  the  jointed  axes,  but  large  and 
stalked,  with  a  broad  lanceolate  lamina  and  feat  her- veined  venation.  Thirdly, 
Wdwitschia  mirabilis,  so  remarkable  a  plant  in  many  other  ways,  possesses  only  two 
foliage -leaves  of  immense  size.  They  are  extended  on  the  ground  and  become 
divided  into  strips  as  they  become  old  ;  the  stem  remains  short,  rising  only  slightly 

'  See  Strasburger,  Die  Coniferen  utid  Gnetaeeen,  Jena,  1872, 
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above  the  ground,  and  is  broad  above  with  a  furrow  across  the  top,  while  it  is 
tuberous  betow,  and  passes  into  the  tap-root'. 

The  Flowers  of  Gnetacea;  are  unisexual,  and  are  arranged  in  dicecious 
(Ephedra)  or  moncecious  inflorescences;  the  inflorescence  has  a  well-defined  form, 
and  in  Ephedra  and  Gnelum  springs  from  the  axils  of  the  opposite  leaves.  The 
male  flower  of  these  genera  consists  of  a  small  bifid  perianth,  in  the  middle  of 
which  rises  a  staminal  column,  which  in  Gneium  is  bifurcate  above  and  bears  two 
bilocular  anthers,  in  Ephedra  a  larger  number  crowded  into  a  head.  The  female 
flower  oi  Gnelum  (Eichler,  in  Flora  1863,  p.  463),  like  that  oi Ephedra,  3.\?,o  possesses 
a  perianth,  ilask-shaped  in  the  former,  obscurely  trigonous  in  the  latter  genus ;  it 
envelopes  a  central  ovule  possessing  in  the  case  of  Ephedra  one  integument,  in 
that  of  Gnelum  two,  the  inner  of  which  is  elongated  like  a  style^.  The  more  exact 
morphology  of  these  flowers  is  still  doubtful.  In  Gnelum  the  inflorescence,  which 
springs  from  the  axil  of  the  foliage- leaves,  consists  of  a  jointed  axis  with  verticillate 
leaves,  in  the  axils  of  which  the  flowers,  male  and  female,  are  agglomerated.  The 
inflorescence  of  Welwilschia^  is  a  dichotomously  branched  cyme  nearly  a  foot  in 


'  For  a  foil  description  of  this  remirkable  plant  see  J.  D.  Hooker  in  Trans.  Linn.  Soc. 
vol.  XXIV. 

'  [According  to  Beccari  (Delia  Organogenia  dei  fiori  feminei  del  Gnelum  Gntman,  Nuovo 
Giom.  bot.  ifal.  IX,  18J7)  the  female  flowers  are  lateral  axes,  the  nucellus  being  the  end  of  the  axis. 
Straabur^ev  (Aiigiospenneo  nnd  Gymnosperinen)  regards  the  two  investments  of  the  nncelius  in 
Ephedra  and  the  three  in  Gnelum  as  integuments.] 

=  [According  to  Professor  W.  R.  M^Nab,  'The  cones  of  Welwitschia  consist  of  nnmcrous 
opposite  and  decussate  bracts,  with  a  sessile  flower  in  the  axii  of  each  of  the  bracts.  The  perfect 
flowers  in  the  male  cone  consist  of  two  enter  perianth  leaves  (calyx)  placed  right  and  left,  two  inner 
ones  (corolla)  placed  anteriorly  and  posteriorly,  six  stamens  united  below,  and  two  carpels  anterior 
and  posterior,  the  conical  end  of  the  axis  projecting  as  a  rudimentary  axile  ovule  surrounded  by  the 
two  carpels.  The  outer  parts  of  the  perianth  are  first  developed  appearing  as  two  shoulders  at  the 
very  base  of  the  young  floral  branch.  The  flower  next  in  age  has  the  floral  axis  more  elongated,  the 
outer  parts  of  the  perianth  larger,  and  a  distinct  swelling  is  visible  above  the  outer  parts.  These 
swellings  are  anterior  and  posterior,  and  much  larger  than  the  outer  parts.  Above  the  uiner  parts  of 
the  perianth  the  axis  is  expanded,  and  contracts  near  the  rounded  apex.  The  expanded  portions  are 
superposed  on  the  outer  lateral  parts  of  the  perianth,  and  are  the  two  primordial  staminal  cushions. 
These  cushions  are  semilunar,  and  in  the  earlier  stages  show  no  trace  of  division  into  three.  At  this 
stage  the  parts  of  the  perianth  rapidly  enlarge  and  cover  in  the  central  parts  of  the  flower.  A  pro- 
jection now  forms  anteriorly  and  posteriorly,  the  first  indication  of  the  two  carpels.  The  next  stage 
shows  the  two  staminal  cushions  each  forming  three  elevations,  the  central  one  larger  than  the  two 
lateral  ones.  The  six  stamens  are  thus  produced  by  the  branching  of  two  primordial  stamens.  In 
the  next  stage  the  carpels  elongate  and  cover  in  the  punclum  vegelalionis.  ultimately  developiiig 
the  peculiar  style  and  stigma-like  process.  The  axis  elongates  slowly  and  forms  a  conical  pro- 
jection which  is  undoubtedly  a  rudimentary  axile  ovule,  but  it  never  shows  any  appearance  of 
an  embryo- sac' 

In  the  female  flowers,  which  are  produced  in  different  cones  from  the  male  flowers,  the  develop- 
ment is  very  different.  A  very  short  stalk  is  developed  in  the  female,  which  is  wanting  in  the  male  ; 
then  two  shoulders  are  developed  exactly  like  the  two  outer  parts  of  the  perianth  in  the  male  flower, 
to  which  Dr.  Hooker  comsaered  them  to  be  equivalent.  Judging  from  the  construction  of  the  male 
flower,  Professor  Mi^Nab  was  disposed  to  accept  this  view;  but  with  hesitation,  as  he  could  not 
account  for  the  stalk-like  process.  Strasbui^er  however  concludes  that  they  are  carpels,  and  in 
that  M"Nab  quite  concurs.  Above  the  carpels  the  axis  elongates  slightly,  and  a  ring  is  formed 
surrounding  the  punclura  vegeialionis.  This  ring  is  the  ovular  integument.  Comparing  the  two 
flowers,  it  will  be  seen  that  in  the  male  there  are  four  series  of  parts,  in  the  female  the  three  outer 
series  ate  wanting  and  only  the  carpets  remain.     But  in  the  male  flower  the  carpels  are  anterior  and 
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height,  rising  above  the  insertion  of  the  two  enormous  leaves  on  the  periphery  of  the 
broad  apex  of  the  stem.  The  branches  of  the  inflorescence  are  terete  and  jointed, 
spring  from  the  asils  of  the  bracts,  and  bear  upright  longish  cyhndrical  cones  ;  these 
are  famished  with  from  seventy  to  ninety  broadly  ovate  scale-leaves  standing  closely 
one  above  another  in  four  rows,  a  single  flower  being  seated  in  each  axil,  male  and 
female  in  different  cones.  The  male  flowers  are  pseudo -hermaphrodite,  and  possess 
a  perianth  consisting  of  two  pairs  of  decussate  leaves ;  the  lower  ones  are  entirely 
free,  sickle-shaped  and  pointed,  the  upper  ones  broadly  spathulate  and  coherent  at 
their  base  into  a  compressed  tube.  Within  this  tube  are  six  stamens,  monadelphous 
at  the  base,  with  cylindrical  filaments  and  terminal  spherical  bilocular  anthers,  which 
dehisce  above  the  apex  with  a  three-armed  fissure ;  the  pollen-grains  are  simple  (?) 
and  elliptic.  The  centre  of  the  flower  encloses  a  single  erect  orthotropous  sessile 
ovule  with  broad  base,  and  with  no  other  investment  than  a  simple  integument, 
which  is  drawn  out  into  a  style-like  tube  with  a  margin  expanded  in  a  discoid 
manner ;  the  nucellus,  however,  has  no  embryo-sac,  or  is  sterile.  In  the  female 
flowers  the  perianth  is  tubular,  greatly  compressed,  somewhat  wing-ed,  and  altogether 
undivided;  there  is  no  indication  of  any  male  organ;  the  ovule  (in  this  case  of 
course  possessing  an  embryo-sac)  is  entirely  enclosed  in  the  perianth,  and  is  similar 
in  its  external  form  to  that  of  the  male  flower,  but  with  this  difference,  that  the  elon- 
gated point  of  the  integument  is  only  simply  slit,  not  expanded  into  the  form  of  a 
plate'.  When  ripe  the  cone  is  about  two  inches  long  and  of  a  scarlet  colour  ;  the 
scales  are  persistent ;  the  perianth  enlarges  considerably  and  becomes  broadly 
winged;  its  cavity  is  narrowed  above  into  a  narrow  canal,  through  which  the  apex 
of  the  integument  passes.  The  seed  is  of  the  same  form  as  the  unfertilised  ovule, 
and  contains  abundant  endosperm,  in  the  axis  of  which  lies  the  dicotyledonous 
embryo  ;  the  embryo  is  thick  at  the  radicular  end,  and  is  there  attached  to  the  very 
long  sphaliy-coiled  suspensor.  The  formation  of  endosperm  commences  in  the 
embryo-sac  before  fertilisation  ;  archegonia  without  necks,  consisting,  that  is,  only  of 
oospheres,  are  foimed  which  grow  out  of  the  embryo-sac  to  the  number  of  from 
twenty  to  sixty,  and  penetrate  into  the  canal-like  cavity  of  the  nucellus,  there  they 
are  fertilised  by  the  pollen-tubes  which  have  grown  to  meet  them.  [After  fertilisation, 
the  oospore  elongates  into  a  tube,  a  portion  of  which  is  cut  off  by  a  wall  near  its 
lower  end.  This  cell  at  once  divides  into  four,  placed  crosswise.  These  cells  mul- 
tiply by  division,  so  that  a  group  of  cells  is  formed  which,  for  the  most  part,  constitute 
the  embryo ;  the  marginal  cells  of  the  group  grow  out  into  long  tubes,  the  so-called 
'  embryonal  tubes.'  Although  from  two  to  eight  archegonia  are  fertilised  only  ohe 
embryo  is  developed. 

The  development  of  the  ovule  and  of  the  embryo-sac  has  been  studied  by 
Strasburger  (Angiospermen  und  Gymnospermen)  in  Gnetum  Gnemon.     Groups  of 

posterior,  while  m  the  female  they  are  laleral.  This  is  to  be  explained  by  the  ^ct  that  the  carpels 
are  here  the  first  leaves  of  a  branch,  and  that  it  is  very  rare  (except  in  grasses)  that  the  first  leaves  of 
a  shoot  are  anterior  or  posterior,  and  (lot  lateral.  The  ovular  integument  of  the  female  flower  is 
wanting  in  the  male.    While  therefore  the  malt  flower  is  complex,  the  female  is  remarkahly  simple. 

For  further  details  see  Transactions  of  the  Linnean  Society,  1873,  vol.  XXVIII.  pp.  so;-5iii. 
On  the  general  Morphology  and  Histology  of  Welwilschia  see  Bower,  Quart.  Joura.  Micr.Sd.  1881. 

'  [Strasburger  [loc.  cii.)  now  regards  the  '  perianth  '  as  an  outer  integument] 

H  m 
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epidermal  cells,  situated  in  the  '  c«pule'  formed  by  the  bracts,  begin  to  divide,  and 
then  divisions  take  place  in  the  hypodermal  cells ;  by  this  means  a  number  of 
protuberances  are  formed,  usually  six  or  eight,  in  a  whorl,  which  are  the  rudimentary 
ovules.  Around  each  of  these  the  external  integument  begins  to  grow  up  :  when  the 
external  integument  covers  about  two-thirds  of  the  nucellus,  the  middle  integument 
begins  to  t>e  formed,  and  this  is  immediately  followed  by  the  appearance  of  the 
innermost  integument.  The  nucellus  elongates  above  the  insertion  of  the  external 
integument,  and  in  consequence'  the  cells  of  which  it  consists  can  be  distinctly  seen 
to  be  arranged  in  longitudinal  rows.  The  terminal  cell  of  one  or  more  of  these 
rows,  which  is  therefore  hypoderinal,  elongates,  and  thus  the  archesporium  is  consti- 
tuted. These  cells  now  undergo  divisions,  cells  being  cut  off  from  them  towards 
the  free  surface  of  the  nucellus ;  these  cells  thus  cut  off  form  part  of  the  lapetum, 
the  larger  cells  beneath  them  being  the  mother-cells  of  the  embryo-sacs.  Of  these, 
one  only  gives  rise  to  an  embryo-sac,  the  others  becoming  obliterated.  The  forma- 
tion of  the  endosperm  begins  with  the  division  of  the  nucleus  of  the  embryo-sac: 
a  number  of  nuclei  are  formed  by  repeated  division,  and  around  these  free  cell- 
formation  takes  place. 

The  development  of  the  ovule  of  Ephedra  is  much  the  same  as  that  above 
described  in  Gnelum.  The  endosperm  of  Ephedra  produces  from  three  to  five 
archegonia,  with  an  elongated  oosphere,  a  distinct  canal-cell,  and  a  long  neck  con- 
sisting of  rows  of  cells.  After  fertilisation  the  nucleus  of  the  oospore  divides,  and 
the  two  new  nuclei  separate  and  travel  towards  the  opposite  ends  of  the  cell.  Here 
they  undergo  division,  and  this  is  repeated  until  usually  eight  nuclei  have  been 
formed.  Around  these  a  process  of  free  cell-formation  now  takes  place,  and  each  of 
the  cells  thus  formed  becomes  enclosed  in  a  cellulose  wall.  Each  of  these  cells, 
which  are  quite  distinct  from  each  other,  now  grows  out  into  a  tube  which  escapes 
from  the  archegonium  and  penetrates  into  the  endosperm  ;  a  small  portion  of  the 
tube  is  now  cut  off  by  a  transverse  septum  near  the  apex.  It  is  from  this  cell 
that  the  embryo  is  developed.  It  divides  into  two  by  a  transverse  wall  parallel 
lo  the  first,  and  these  two  cells  grow  and  divide  in  various  directions ;  sometimes  a 
two-sided  apical  cell  is  formed  by  means  of  which  the  embryo  grows.] 

A  small  cell  is  formed  in  the  pollen-grain  o^-Ephedra  as  in  that  of  the  Cupres- 
sinea;. 

The  Histology   of  Gymnosperms.      From  the   abundant  though  still  unsifted  material 

I  will    oniy  adduce  a  few  particulars  as  a  contribution   to   the  special  characteristics 

of  this  section. 

The  Fibro-iiaicular  Bundles '  are  similar  in  their  structure  to  those  of  Dicotyledons. 

There  is  a  system    of  bundles  common  to  the  stem  and  leaves;    the  portions  which 

'  Mohl,  Bail  des  Cyeadeenstammes  (Verm.  Schr.  p.  155). —  Kraus.  Eau  der  Cycadeen-FiedetLi 
(Jahrb.  f.  niss.  Bot.  vol.  IV.  p.  329).— Geyler.  Uetier  Gefassbundelverlauf  bei  Coniferen  (ditto, 
vol,  VI  p.  68).— Thomas,  Vergl.  Anat,  des  Conifer-Blattes  (dftlo,  vol.  IV,  p.  43).— Mohl,  Ueber  die 
grossen  getiipfellen  Rohren  von  Ephedra  (Verm.  Sdir.  p.  169). — J.  D,  Hooker.  On  Welwiischia 
(Trans,  Linn.  Soc.  vol.  XXIV).  — Dippel,  Hislologie  der  Coniferen  (Bot.  Zeitg,  18S2  and  1863).-- 
Rossmann,  Bau  des  Holzes  ( Frankfurt -a- M.  1863).— Mohl,  Bot.  Zeilg.  1871.— [Beitrand,  Anat.  comp. 
des  tiges  et  des  feuilles  chez  les  Gnetacees  et  les  Coniftres,  Ann,  Sd,  Nat,,  ser.  5.  XX, ^ — Bower,  On 
Wdwitschia,  Qnart,  Journ.  Micr,  Sci.  18S1.— DeBary,  Vergleichende  Analomieder  Vegelationsorgane, 
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,  descend  info  the  stem  forming  a  circle,  wliere  a  closed  cambium-ring  is  produced  by 
the  formation  of  interfascieulir  cambium.  The  ascending  portion,  wliicli  curves  out  into 
the  leaf  itself,  assumes  in  Cycadeae  more  or  less  the  character  of  a  closed  bundle,  while 
in  the  leaves  of  many  Coniferie  it  at  least  retains  the  appearance  of  an  open  bundle.  [In 
most  cases  the  growth  in  thickness  of  the  stem  is  brought  about  by  the  division  of  the  cells 
of  the  cambium -layer,  but  in  Cyca-i  and  Encepbalartos  the  activity  of  the  cambium-layer 
is  of  limited  duration.  The  subsequent  growth  in  thickness  of  the  stem  in  these  two 
genera  is  effected  by  the  production  of  successive  new  cambium- rings,  which  make  their 
appearance  just  outside  the  bast  of  the  older  vascular  bundles,]  No  exclusively  cauline 
bundles  are  produced  in  the  stem  of  Conifera:  or  ai Ephedra;  but  in  some  Cycades  acces- 
sory-bundles arise  in  the  older  stem  which  are  independent  of  the  common  bundles  and  of 
those  formed  by  the  cambium-layers.  Thusin  the  tissue  of  the  pith  of  ^MJ^/^^iirtw  slender 
isolated  bundles  occur;  while  in  Cfcaj  a  system  of  thicker  bundles  is  developed  in  the  cortex 
which  may  form  there  in  old  age  one  or  more  apparent  rings  of  wood.  As  for  as  we  can 
judge  from  Hooker's  description,  bundles  occur  in  the  bark  of  Wel'witicbia  which  owe  their 
origin  to  a  layer  of  meristem  enveloping  the  whole  stem^.  The  Conifene,  as  has  been 
mentioned,  possess  only  common  bundles,  the  descending  portions  passing  through  a 
number  of  internodes,  and  then  joining  others  lower  down  either  unilaterally  or  on  both 
sides  by  splitting  into  two  arms  and  turning  to  both  sides.  The  leaves  of  Conlfera, 
when  narrow,  contain  only  one  fibro- vascular  bundle  from  the  stem,  which  then  usually 
splits  into  two  halves  running  parallel  to  one  another  (Fig.  102) ;  when  the  leaves  are 

,  broader,  two  (Saliiburia,  Ephedra)  or  even  three  bundles  occur ;  when  the  leaf  forms 
a  flat  broad  lamina,  as  in  Sallsburia  and  Dammara,  the  bundles  ramify  in  it,  but  without 
forming  a  net-work  ;  in  Saliiburia  they  repeatedly  branch  dichotomously.  In  Conifers 
these  bundles  seldom  form  prominent  veins,  but  run  through  the  middle  of  the  tissues  of 
the  leaf.  In  the  two  gigantic  leaves  of  tVelzuittchia  there  are  a  number  of  bundles,  the 
parallel  ramifications  of  which  run  into  the  middle  layer  of  tissue.  In  the  large  pinnate 
leaves  of  Cycadeat  there  are  also  several  bundles  which  curve  nearly  horizontally  within 
the  cortical  parenchyma,  and  split  into  a  number  of  stout  bundles  in  the  leaf-stalk  when 
it  is  thick ;  these  bundles  exhibit  a  beautiful  arrangement  when  seen  in  transverse  sec- 
lion  (in  Cycoi  revaluta,  e.g.  in  the  form  of  an  inverted  O).  They  run  parallel  in  the 
rachis  of  the  pinnate  leaf,  and  give  off  branches  into  the  pinnse,  where  they  either  run 
parallel  in  the  middle  layer  of  tissue  (as  in  Dion)  or  dichotomise  {e.g.  Encepbalartos) ; 
while  in  Cjcai  they  form  a  mid-rib  projecting  beneath.  The  course  of  the  bundles  in 
'the  leaf  therefore  shows  a.  decided  resemblance  to  that  of  many  Ferns. 

The  substance  of  the  wood  of  the  stem  is  formed  from  the  descending  bundles, 
which  are  at  first  completely  isolated,  but  soon  coalesce  into  a  closed  ring  by  portions  of 
cambium  which  cross  the  medullary  rays.  The  primar/  wood  or  xylem,  termed  the 
Medullary  Sheath,  which  consists  of  the  xylem-portions  of  the  descending  limbs  of  the 
common  bundles,  contains,  in  all  Gymnosperms,  as  in  Dicotyledons,  long  narrow  vessels 
with  annular  or  spiral  thickening-bands,  while  further  outwards  occur  scalariform  or 
reticulately  thickened  vessels.  The  secondary  wood  produced  from  the  cambium-ring 
after  the  cessation  of  growth  in  ,  length  consists,  in  Gycadese  and  Conifene,  of  long 
tracheides  grown  one  into  another  in  a  prosenchymatous  manner  {cf.  p.  25)  with  a  few 
large  bordered  pits,  which  are  usually  circular,  at  least  when  the  wood  is  mature.  Every 
possible  stage  of  transition  occurs  between  these  tracheides  and  the  spiral  vessels 
of  the  medullary  sheath.  The  secondary  wood  of  Cycadea:  and  Coniferte  is  distin- 
guished from  that  of  Dicotyledons  by  the  striking  peculiarity  that  it  is  composed  only 
of  this  prose nchymatous  form  of  cells');  and  that  the  wide  dotted  vessels  composed  of 
short  cells  are  wanting  which  penetrate  the  dense  narrow-celled  masses  of  the  wood  of 
Dicotyledons.     In  the  younger  stems  of  Cycadcie  the  tracheides  with  broad  bordered 


'  [De  Bary  compares  the  structure  of  the  stem  of  Wdwilschia  to  that  of  Chenopodiaceae  and 
Anmrantacese,  etc.  (see  infra) ;  that  of  Gnehim  to  that  of  Phylolaeca,  Poiygalea:,  DillenittcCie,  etc.] 
'  Wood-parenchyma  is  not  formed,  or  only  in  small  quantity. 
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pits  and  hence  with  a  more  or  less  scalariform  wall  are  very  much  like  the  long  prosen- 
chymatous  vessels  of  Vascular  Cryptogams ;  and  this  resemblance  extends  even  to 
the  tracheides  of  ConiferEe,  so  tar  as  they  are  distinctly  prosenchymatous,  although  the 
smaller  number  and  round  form  of  the  bordered  pits  shows  a  more  marked  difference. 
The  bordered  pits  of  Conifera;  are  usually  developed  only  on  the  wall  which  faces  the 
medullary  rays,  in  one  or  two  rows,  but  in  Aravcaria  In  larger  numbers  and  densely 
crowded.  In  the  structure  of  the  secondary  wood,  as  in  that  of  their  flowers  and 
in  their  habit,  Gnetaceae  approach  Dicotyledons ;  in  Ephedra  broad  vessels  occur  in 
it  together  with  the  usual  tracheides  in  the  inner  part  of  the  ring  of  wood,  but  their 
component  cells  are  separated  by  oblique  septa,  and  are  therefore  still  prosenchymatous, 
and  are  penetrated  by  several  roundish  holes;  their  lateral  walls  show  bordered  pits  like 
the  tracheides,  and  furnish  a  striking  evidence  that  the  true  vessels  in  the  secondary 
wood  of  Dicotyledons  are  connected  by  intermediate  forms  with  the  vessels  of  Vascular 
Cryptogams  formed  from  prosenchymatous  cells.  In  the  wood  of  IVelixiitJchia  tracheides 
with  doubly  bordered  pits  are  also  present. 

The  medullary  rays  of  the  secondary  wood  of  Coniferae  are  very  narrow,  often  only 
one  cell  in  breadth ;  the  cells  are  strongly  lignified,  and  their  lateral  faces  in  contact  with 
the  adjoining  tracheides  are  provided  with  dosed  bordered  pits.  In  Cycadese  the  rays  are 
broader,  and  their  tissue  bears  a  closer  resemblance  to  the  parenchyma  of  the  pith  and 
cortex ;  their  nwnber  and  width  cause  the  whole  substance  of  the  wood  to  appear  spongy, 
and  its  prosenchymatous  cells  are  seen  to  be  strongly  curved  in  different  directions  in 
tangential  sections.  The  phloem-portion  of  the  tibro-vascular  bundles  of  Gymnosperms 
resembles  that  of  Dicotyledons  ;  it  is  mostly  composed  of  true  strongly -thickened  bast- 
fibres,  cambiform  cells,  latticed  cells,  and  parenchymatous  cells ;  while  in  Conifene  they 
are  formed  in  alternate  layers.     Usually  the  soft  bast  predominates. 

The  Fujidamental  Tissue  of  the  stem  of  Gymnosperms  is  separated  by  the  ring  of  wood 
into  pith  and  primary  cortex.  Both  are  very  strongly  developed  in  Cycadeie,  especially 
the  pith,  and  consist  of  true  parenchyma,  while  the  woody  portion  is  considerably 
smaller.  In  WehmUcUa  the  parenchymatous  tissues  appear  also  to  predominate;  but 
the  greater  part  of  their  substance  is  the  product  of  the  activity  of  the  meristem- layer  of 
the  stem  already  mentioned.  A  large  number  of  so-called  spicular  cells  occur  dispersed 
in  all  the  organs  of  this  remarkable  plant,  they  are  fusiform  or  branched  and  greatly 
thickened;  and  a  number  of  beautifully  developed  crystals  are  found  iml>edded  close  to 
one  another  in  their  cell-wall.    Similar  structures  also  occur  in  Conifera:  (p.  66), 

The  parenchymatous  fundamental  tissue  of  Coniferse  decreases  greatly  with  the 
increase  in  age  of  the  stem  (and  of  the  root).  With  the  exception  of  the  pith,  which  is 
here  small,  the  stem  consists  exclusively  of  the  products  of  the  cambium-ring,  since  the 
primary  cortex,  and  afterwards  also  the  outer  layers  of  the  secondary  cortex  which 
always  have  a  subsequent  growth,  are  used  up  in  the  formation  of  cork.  In  the  stem  of 
CycadcEe,  the  increase  of  which  in  thickness  is  inconsiderable,  the  formation  of  cork  is 
also  very  small;  in  Welwuchia  it  appears  to  be  entirely  wanting  {?). 

Intercellular  Passages  are  widely  distributed  in  Gymnosperms ;  their  structure  is  that 

which  has  been  explained  generally  at  pp,  78  and  94.     In  Cycadese  they  are  found  in  all 

the  organs  in  large  numbers,  and  contain  gum,  which  exudes  from  incisions  in  thick 

viscid  drops;  in  Conifene  they  contain  oil  of  turpentine  and  resin.     In  this  latter  order 

they  occur  in  the  pith  of  the  stem,  in  the  whole  substance  of  the  wood,  and  in  the 

primary   and    secondary   cortex,   as   well   as   distributed    through   the   leaves;    always 

following  the  direction  in  length  of  the  organs,  like  the  gum-passages  of  Cycadese. 

In  many  Conifers  with   short  leaves   roundish  resin-glands  also  occur  in  them  (as  in 

CaUitris,  Thuja,  and  Cufressus,  according  to  Thomas) ;    in  laxus  the  resin-canals  we 

entirely  wanting'. 

■  [Van  Tieghem  (Ann.  des.  Sci.  Nat.  iSjs)  distinguishes  the  six  following  modifications  of  the 

distribution  of  the  secretory  organs  in  ConiferEe: — r.  No  cauals  in  the  root  nor  stem;  Taxui.     a.  No 

canals  in  the  root;  canals  in  the  cortical  parenchyma  of  the  stem  ;  Cryptomeria,  Taxodiuia,  Podo- 
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The  Leaves  of  Cycadeie  and  Conifers  are  covered  by  a  firm  epidermis,  usually 
strongly  cutieularised,  and  furnished  with  numerous  stomata,  each  with  two  guard-cells. 
In  the  CycadeiE  the  guard-cells  are  more  or  less  deeply  depressed,  and  the  stomata  occur 
only  on  the  under  side  of  the  lamina,  and  are  either  irregularly  scattered,  or  arranged  in 
rows  between  the  veins  (Kraus),  In  the  leaves  of  Conifers  the  guard-cells  are  also, 
according  to  Hildebrand  (Bot.  Zeit.  1B69,  p.  149),  always  depressed  in  the  epidermis ; 
and  the  stoma  has  hence  always  a  vestibule.  In  ConifersE  the  stomata  are  developed 
either  on  both  or  only  on  one  side  of  the  leaf;  when  the  leaf  is  broad,  as  in  liammara 
and  Salhburia,  they  are  irregularly  scattered;  when  the  leaves  are  acicular  they  mostly 
lie  in  longitudinal  rows ;  and  in  the  large  leaves  of  Welivihcbia  they  are  also  arranged  in 
rows.  The  firm  texture  of  the  leaves  of  Cycadeae  and  Conifera;  is  due  to  a  hypodermal 
layer,  often  strongly  developed,  consisting  of  strongly-thickened,  generally  long,  fibre-like 
cells  lying  parallel  to  the  surface ;  in  the  leaf  of  Welwiuchla 
this  hypoderma  consists  of  spongy  succulent  tissue  penetrated 
by  bundles  of  fibres,  which  acquires  its  hardness  from  a  mass 
of  spicular  cells.  The  chlorophyll -tissue  of  the  leaves  lies 
beneath  this  layer,  and  is  developed  on  the  upper  side  of  the 
leaves  of  Cycadese  and  of  the  broader  leaves  of  Conifers  as 
the  so-called  P  all  isade -tissue ;  i.^,  its  cells  are  elongated  in  a 
direction  vertical  to  the  surface  of  the  leaf  and  are  densely 
packed  together.  In  Plmj,  Larix,  and  Cedrus  the  cells  which 
contain  chlorophyll  exhibit  the  infoldings  of  the  cell-wall 
which  have  been  already  mentioned  at  p.  74.  The  middle 
layer  of  the  tissue  of  the  leaf,  in  which  also  the  fibro-vascular 
bundles  run,  has  usually  a  peculiar  development  in  Gymno- 
spcrms;  in  Cycadeae  and  Podocarpese  it  consists  of  cells  elon- 
gated in  a  direction  transverse  to  the  axis  of  the  leaf  and  to 
the  bundles,  but  parallel  to  the  surface  of  the  leaf,  leaving 
large  intercellular  spaces  (Transfusion-Tissue  of  Mohl).  In 
the  acicular  leaves  of  the  Abietine^  the  fibro-vascular  bundle, 
split  into  two,  is  enveloped  by  a  colourless  tissue,  which  is 
sharply  differentiated  from  the  surrounding  chlorophyll-tissue  (Fig.  102),  It  k 
cbymatous,  and  is  distinguished  by  the  large  number  of  bordered  pits  which  the  walls 
of  the  cells  bear  (Fig.  J56)', 


carpus,  Dacrydium.  Torreya,  Tsuga,  Cunninghamia.  3.  No  canals  in  the  root ;  canals  in  the  cortical 
parenchyma  and  in  the  pilh  of  the  stem  :  Salisburia.  4.  A  secretory  canal  in  the  root ;  canals  in  the 
cortical  parenchynaa  of  the  stem:  Cedms,  Abies,  Pse-dolorix.  j.  Canals  in  the  wood  of  the  fibro- 
vascular  bundles  of  the  root  and  stem  ;  canals  in  the  cortical  parenchyma  of  the  stem :  Pinvs.  Larix, 
Picea,  Pieudotiuga.  6.  Canals  in  the  liber  of  the  fibro-vascular  bundles  of  the  root  and  of  the  stem ; 
canals  in  the  cortical  parenchyma  of  the  stem ;  Antucaria,  Widdrmgirmia,  Thuja,  Cupressus,  Biota. 
In  Cycades  the  canals  are  foand  disseminated  through  the  cortical  parenchyma  of  the  stem ;  the 
pith  of  Cycas  appears  destitute  of  them.  In  their  distribution  they  resemble  therefore  that  which 
occurs  in  the  second  class  of  ConiferEe] 

'  For  fnither  details  see  Mohl,  Eot.  Zeit.  1871,  Nos.  1,  i. 
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Monocotyledons  and  Dicotyledons  are  distinguished  from  Gymnosperms  by 
the  following  characters  : — their  ovules  are  formed  within  a  receptacle,  the  Oitary ; 
the  endosperm  originates  in  the  embryo-sac  only  after  fertilisation, — characteristics, 
the  importance  of  which  has  already  been  shown  in  the  general  introduction  to 
Phanerogams.  Concurrently  with  these  distinctions  there  are  however  a  number 
of  other  peculiarities  in  these  plants  taken  as  a  whole  which  distinguish  them  from 


all  other  vascular  plants ;  and  this  is  especially  the  case  with  the  structure  of  the 
flowers  and  the  fruit,  the  normal  morphological  relations  undergoing  such  peculiar 
combinations  and  changes  that  a  more  detailed  description  of  them  must  precede 
the  special  description  of  the  two  classes  which  they  include. 

The  Flower  as  a  wkole'^.  The  flower  of  Angiosperms  is  rarely  terminal,  i.e.  the 
primary  stem,  which  is  a  prolongation  of  the  asis  of  the  embryo,  rarely  terminates 

'  From  ai-jtiov,  a  receptacle,  capsule,  ovary,  and  oiripfio,  seed. 

'  The  most  important  and  comprehensive  work  on  the  flowers  of  Angiosperms  is  Payer's  Ttaite 
d'Organog^nie  de  la  Fleur  [Paris  185;),  willi  154  plates.  Also  Van  Tieghem,  Kech.  sur  la  structure 
du  plslil  {Mim.  des  savants  etrangers,  XXI,  1871),  and  his  notes  in  Ihe  French  edilion.  [Eilcher, 
BliithendiDgramrae,  and  Gray,  Structural  Botany.] 
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in  a  flower,  making  the  plant  uniaxial.  When  this  is  the  case  a  sympodial  or 
cymose  inflorescence  is  usuaUy  developed,  new  axes  with  terminal  flowers  arising 
beneath  the  first  flower;  but  it  is  more  common  for  only  axes  of  the  second, 
third,  or  a  higher  order  to  terminate  in  a  flower,  so  that  the  plant  may  in  this 
respect  be  termed  hi-,  tri-,  or  multi-axial. 

While  in  Gymnosperms  the  flowers  are  typically  unisexual  or  diclinous,  herma- 
phroditism largely  prevails  among  Angiosperms,  although  moncecious  and  dioecious 
species,  genera,  and  families  are  not  uncommon.  The  male  flowers  are  sometimes 
essentially  difierent  in  structure  from  the  female  flowers  (as  in  Cupuliferse  and 
CannabineEe),  but  in  most  cases  the  unisexuality  arises  merely  from  the  partial  or 
entire  abortion  either  of  the  andrcecium  or  the  gynseceum,  the  flower  being  in  other 
respects  constructed  on  the  same  type  (Fig.  357,  A);  and  in  such  cases  it  also 
frequently  happens  that  hennaphrodite  flowers  are  developed  in  addition  to  the 
male  and  female  (polygamous  species,  as  the  Ash,  Acer,  Sapmarta  oeymoides,  &c.). 
But  even  in  the  greater  number  of  cases  wliere  the  male  and  female  organs  are 
completely  developed  in  hermaphrodite  flowers  and  functionally  perfect,  fertilisation 


takes  place  by  the  conveyance  of  the  pollen  of  one  flower  to  the  gynaeceum  of 
other  flowers  or  even  of  other  individuals  of  the  same  species,  because  either  polli- 
nation within  the  same  flower  is  impossible  in  consequence  of  special  contrivances 
(such  as  dichogamy),  or  because  the  pollen  is  potent  only  in  the  fertilisation  of 
ovules  of  another  flower  (as  in  Orchideae,  Corydalis,  &c.);  To  these  phenomena 
we  shall  recur  more  in  detail  in  the  Third  Book,  when  speaking  of  the  physiology 
of  sexual  reproduction. 

While  in  Gymnosperms  the  floral  axis  is  usually  elongated  to  such  an  extent 
tijat  the  sexual  organs,  especially  if  numerous,  are  evidently  arranged  one  above 
another  in  alternate  whorls  or  in  spirals, — iii  Angiosperms,  on  the  contrary,  the 
floral  axis  which  bears  the  floral  envelopes  and  sexual  organs  is  so  abbreviated 
that  space  can  only  be  found  for  the  various  foliar  structures  by  a  corresponding 
expansion  or  increase  in  size  of  the  receptacle  or  torus ;  this  receptacle  swells  even 
before  and  during  the  formation  of  the  floral  leaves  in  a  club-shaped  manner,  and  is 
not  unfrequently  expanded  flat  like  a  plate  or  even  hollowed  out  like  a  cup  in  such  a 
r  that  the  apex  of  the  axis  is  placed  at  the  bottom  of  the  hollow  (p.  220),  while 


vGooqIc 


53^ 


PHANEROGAMS. 


p    h       f  r 
h    f 


s),( 


f   h     fl 


i 


h  d  1     d 


I 


f  (F  g  35  )      The  result  of 

D        d  11)  stand  one  above 

I  d        ■spirals,  for  which 

p         d  b       d    gram  m  the  sense 

Th       bb  of  the  axis  is  also 

h  d  d  placements  which 

I  f  A  g     p  rms.     The  small 

h  ly         ation  of  its  apical 

f    h     floral  leaves  may 

1   J  f  growth,  although 


1  f  be  d  urbed  b  h  p  d 
even  in  these  cases  the  disturbance  of  the  ordinary  regularity  remains  inconsiderable. 
The  acropetal  order  of  succession  is  however  even  here  in  most  cases  strictly  carried 
out,  and  the  apical  growth  of  the  floral  axis  not  unfrequently  continues  long  enough 


to  allow  the  foliar  structures  to  arrange  themselves  in  evident  whorls  placed  one  over 
another  or  in  spirals  (e.g.  Magnolia,  Ranunculaceie,  Nymphjeaceie).  Occasionally 
also  particular  portions  of  the  axis  are  greatly  elongated  within  the  flower,  as  the 
portion  between  calyx  and  corolla  in  Lychnis  (Fig,  361),  in  Passifiora  that  between 
corolla  and  stamens^  in  Labiatae  that  between  stamens  and  ovary. 

The  flower  of  Angiosperms,  like  that  of  Gymnosperms,  is  a  metamorphosed 
shoot,  a  leaf-bearing  axis  ;  but  this  section  of  the  vegetable  kingdom  is  especially 
characterised  by  the  high  degree  of  metamorphosis  which  the  floral  shoot  has 
undergone,  and  by  the  very  peculiar  characteristics  and  the  different  arrangement 
of  the  foliar  structures  as  contrasted  with  those  of  the  purely  vegetative  shoots. 
As  far  as  external  appearance    goes,  the   flower  of  Angiosperms  is  an  altogether 


'  Thee 


iduced  by  Ho&neister  (Allgemeine  Morphologie,  %  lo)  of  Ihe  absence 
n  in  the  foliar  structures  idl  belong  lo  this  category. 
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peculiar  structure,  sharply  differentiated  as  a  whole  from  the  rest  of  the  organism. 
This  peculiar  appearance  is  due  not  only  to  the  special  properties  of  its  axis, 
■  but  especially  to  the  presence  of  the  floral  envelopes,  and  most  of  all  to  the 
circumstance  that  the  foliar  structures  of  the  flower  are  arranged,  with  rare 
exceptions,  in  the  form  of  whorls,  even  when  the  leaves  of  the  vegetative  shoots 
are  alternate  or  distichous,  or  disposed  in  other  similar  arrangements.  Each  of 
the  distinct  appendicular  organs  of  the  flower,  viz.  the  perianth,  andrcecium,  and 
gynfficeum,  is  usually  represented  by  several  members  arranged  in  concentric 
circles  or  in  a  spiral ;  so  that  one  or  more  perianth- whorls  are  immediately  succeeded 
within  by  one  or  more  whorls  of  stamens,  and  these  by  the  gynseceum  in  the 
centre  of  the  flower.  One  or  other  of  these  whorls  may  however  he  absent,  or 
each   of  the    separate  whorls    may  be  represented  by   only  a  single   member,  as 


in  Hippuris  {Fig.  360),  where  only  one  stamen  and  one  carpel  are  contained  within 
a  scantily  developed  perianth.  It  is  only  rarely  that  the  whole  flower  is  reduced 
to  a  single  sexual  organ,  as  the  female  flowers  of  Piperacea,  or  the  male  and 
female  flowers  of  some  Aroidete;  it  is  much  more  commonly  the  case  that  the 
flower  is  composed  of  successive  whorls  of  members  disposed  from  without  inwards 
(or  from  below  upwards),  consisting  of  the  same  or  multiples  of  the  same  number  \ 
radiating  from  the  centre  on  all  sides  like   a  rosette,  an   arrangement  which  is 

'  [To  this  peculiarity  of  structure  the  term  '  symmetrioat '  is  generally  applied  in  English  text- 
books; in  the  ptescnt  work  however  this  word  is  used  in  a  very  different  sense,  namely  in  reference  to 
any  structure  (foliar  or  iJorat)  which  can  be  divided  into  two  similar  halves,  or  the  parts  of  which  are   ■ 
radially  disposed  around  a  central  point;  see  p.  204] 
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frequently  partially  obscured  at  a  subsequent  period  by  bilateral  development  and 
abortion. 

The  Floral  Erwdopt  or  Perianth  is  only  rarely  entirely  wanting,  as  in  the 
Piperacefe  and  many  Aroideie;  inore  often  it  is  simple,  i.e.  it  consists  of  only 
one  whorl  of  two,  three,  four,  five,  or  rarely  a  larger  number  of  leaves  (as  in 
Figs,  357,  358);  in  this  case  the  perianth  is  frequenlly  inconspicuous  and  composed 
of  small  green  leaves,  as  in  the  Chenopodiaceie  and  UrticaccEe,  but  is  sometimes 
large,  of  delicate  structure  and  brightly  coloured  (petaloid),  as  in  Arislolochia, 
Mirabilis,  &c.  But  in  both  classes  of  Angiosperms  {Monocotyledons  and  Dicoty- 
ledons) the  perianth  is  usually  composed  of  two  alternating  whorls  consisting  of  the 
same  number  of  leaves,  two,  three,  four,  five,  or  rarely  more.  In  most  Dicotyledons 
and  many  Monocotyledons  the  form  and  structure  of  these  two  whorls  is  very 
different ;  the  outer  whorl  or  Calyx  consisting  of  stouter,  green,  usually  smaller  leaves 
{Sepals),  while  the  inner  whorl  or  Corolla  is  more  delicate,  and  is  formed  of  white  or 
bright  coloured,  usually  hrp;er  leaves  (Pe/als)  It  is  however  more  convenient,  for 
the  sake  of  brevitv  as  Pajer  has  already  suggested  to  des  gnate  the  inner  whorl  as 
corolla  the  outer  whorl  as  cahx  even  in  those  cases  where  the  structure  of  the  two 
IS  the  same ' ,  and  this  is  the  more  necessary  since  the  contrast  of  structure 
referred  to  is  frequentlj  wanting  both  whorls  being  either  sepaloid  as  in  Jun 
cacese,  or  both  petaloid,  as  in  LUiurn  in  Hdleborus  4  oni  urn  and  some  other 
species,  the  outer  whorl  or  caljx  iJone  is  petaloid  the  inner  whorl  or  corolla 
being  transformed  into  nectane'^  In  some  Dicot)ledonB  the  perianth  does  not 
consist  of  alternating  whorls  but  of  a  smaller  or  larger  number  of  turns  of  spirally 
arranged  leaves  the  number  of  which  is  then  usnallj  large  or  indefinite,  the  outer 
or  lower  lea\es  of  this  spiril  arrangement  ma)  in  this  ease  also  be  sepalotd  the  inner 
ones  alone  petaloid  {e  g  Opuntia),  or  they  may  all  be  petaloid  (as  in  Ept{hyUum 
and  Ttolhus),  or  a  gradual  transition  takes  place  from  the  sepaloid  through  the 
petaloid  to  the  staminal  structure  (as  in  NympheEo). 

But  besides  the  usual  sepaloid  and  petaloid  form  and  structure  of  the  perianth- 
lea\es,  there  occur  other  considerable  deviations  from  the  ordinary  foliar  structure. 
Thus,  for  example,  the  (imperfect)  perianth  of  Grasses  consists  of  very  small  delicate 
colourless  membranous  scales  (the  LoJicules),  that  of  some  Cyperaceae  is  replaced  by 
hair-like  bristles,  the  Setts  ;  in  the  place  of  the  calyx  of  Composite  a  crown  of 
hairs,  the  Pappus,  surrounds  the  corolla  ;  and  it  has  already  been  mentioned  that  the 
petals  of  Acomtum,  Htlkborus,  &c.  are  transformed  into  nectaries  of  a  peculiar 
form. 

,  Whether  the  perianth  consist  of  one  or  two  whorls,  the  leaves  of  the  same 
whorl  have  very  commonly  the  appearance  of  being  coherent  or  of  coalescing  with 
one  another,  forming  a  cup,  bell,  tube,  and  so  forth,  the  number  of  the  coherent 
sepals  or  petals  being  determined  by  that  of  the  marginal  teeth.  Coherent  perianth- 
whorls  are  produced,  after  the  formation  of  the  distinct  foliar  structures  at  the  cir- 
cumference of  the  receptacle,  by  the  common  zone  of  insertion  of  these  distinct 
structures  being  raised  up  by  intercalary  growth  as  an  annular  wall,  and  forming,  as 

'  The  substantives  calyx  and  corolla  tlien  designate  the  posilion  of  the  whoil,  the  adjectives 
sepaloid  and  petaloid  the  tiat' 
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it  continues  to  develope,  the  part  common  to  the  whole  whorl  of  floral  leaves. 
The  coheretit  tubular  or  campanulate  part  does  not  therefore  consist  of  originally 
free  portions  which  cohere  subsequently  by  their  edges,  but  from  the  very  first  it 
forms  a  whole  which  is  intriided,  so  to  speak,  at  the  base  of  the  perianth -leaves  ; 
the  originally  free  leaves  eventually  forming  the  marginal  teeth  of  the  common 
basal  portion.  Applying  the  term  Sepal  to  a  calycine.  Petal  to  a  coroUine  leaf, 
a  calyx  consisting  of  coherent  leaves  is  ganwsepalous  or  synupalous,  a  corolla  con- 
sisting of  coherent  leaves  gamopelabus  or  sympetalous ;  if  tlie  leaves  of  the  perianth- 
whorl  are  not  coherent,  but  free,  this  is  expressed  by  the  terms  ehutherosepahus 
or  aposepalous,  and  tleulheropetalous  or  apopelalous'-.  When  there  is  only  one 
perianth- whorl,  and  it  is  desired  to  stale  whether  it  consists  of  coherent  or  of  free 
leaves,  the  terms  gamopkyltous  or  syniphyllous  and  eliuiherophyllous  or  apopkyllous 
may  be  used.  It  sometimes  happens  moreover  that  two  perianth-whorls  coalesce 
into  one,  so  that,  for  example,  two  alternating  trimerous  whorb  have  united  into  a 
six-toothed  tube  (as  in  Hyadnlhus,  Muscari,  &c.). 


If  the  leaves  of  the  outer  and  inner  whorls  are  free  (not  coherent),  and  if 
the  distinction  between  calyx  and  corolla  is  clearly  marked,  then,  in  addition  to 
the  structural  distinctions  already  named,  other  differences  of  form  are  also  usually 
to  be  observed.  The  sepals  have  generally  a  broader  base,  are  sessile,  usually  of 
very  simple  outline  and  pointed  at  the  apes ;  the  petals  have  mostly  a  narrower 
base,  their  upper  portion  is  often  very  broad,  and  a  distinction  is  not  unfrequently 
apparent  of  claw  [unguis)  and  blade  {lamina),  and  the  lamina  is  often  divided  or 
otherwise  segmented.  At  the  point  where  the  lamina  bends  back  from  the  unguis, 
ligular  structures  are  often  formed  on  the  inner  or  upper  side,  which,  when  treating 
the  flower  as  a  whole,  are  comprised  tinder  the  term  Corona,  as  in  Lychnis 
(Fig.  361),  Saponaria,  Nerium,  Hydrophyllere,   &c.      When    the   corolla   itself  is 

'  The  terms  '  polysepalous '  and  ■  polypetaloue '  are  objectionable,  since  these  terms  do  not 
express  Ihe  contrast  correctly  ;  slil!  more  so  are  '  monosepalous '  and  '  monopelalons,"  as  applied  to 
the  coherent  whorls,  because  they  have  no  reference  to  the  true  nature  of  the  phenomenon. 
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gamopelalous,  the  parts  of  the  corona  also  coalesce,  as  in  Narcissus,  where  it  is 
very  large. 

The  whole  form  of  the  perianth,  especially  when  its  structure  is  decidedly 
petaloid  and  its  dimensions  considerable,  always  stands  in  a  definite  relation  to  pol- 
lination by  the  aid  of  insects  [or  birds]  :  and  large,  brilliantly  coloured,  odonferous 
flowers  only  occur  where  the  fertilisation  is  brought  about  by  this  means  The 
purpose  of  these  properties  is  to  attract  insects  to  visit  the  flowers ,  and  the  in- 
finitely varied  and  often  wonderful  form  of  the  perianth  is  especially  adapted 
to  compel  certain  positions  of  the  body  and  certain  movements  on  the  part  of 
insects  of  a  definite  size  and  species  when  se^-ching  for  the  nectar,  by  which  the 
conveyance  of  pollen  from  flower  to  flower  is  unintentionally  accomplished  by 
them.  We  shall  recur  in  detail  to  these  physiological  questions  in  the  Third  Book. 
The  radial  or  bilateral  symmetry  of  the  perianth  is  usually  associated  with  that  of  the 
other  parts  of  the  flower,  and  will  therefore  be  discussed  in  connection  with  it. 

Besides  the  perianth  in  the  narrower  sense  which  we  have  hitherto  considered, 
there  are  often  additional  envelopes  to  the  separate  flowers.  In  the  Malvacese  and 
some  other  plants  the  true  calyx  appears  to  be  surrounded  by  a  second  calyx 
(Epicalyx  or  Calyculus),  the  morphological  significance  of  which,  however,  varies. 
In  Mahpe  irifida,  for  example,  the  three  parts  of  the  epicalyx  represent  a  sub-floral 
bract  with  its  two  stipules;  in  KHaibflia  vilifolia,  the  six-parted  epicalyx  consists 
(according  to  Payer)  of  two  such  sub-floral  leaves  with  their  four  stipules.  Again, 
the  epicalyx  may  be  purely  illusory  from  the  production  of  stipular  structures  by 
the  true  sepals,  as  in  Rosa  and  Potentilla.  In  Dianihus  Cary«pkyllus  and  some 
other  species  a  kind  of  epicalyx  results  from  two  decussate  pairs  of  small  bracts 
which  are  found  immediately  beneath  the  calyx;  in  the  terminal  flowers  oi  Anemone 
a  whorl  of  bracts  stands  at  a  short  distance  below  the  flower,  which  takes  the 
form  in  the  nearly  allied  Eranihis  hyemalis  of  a  kind  of  epicalyx'.  The  epicalyx  of 
the  small  flowers  of  Dipsacaceas  is  of  special  interest,  each  of  them  being  surrounded, 
within  the  crowded  inflorescence,  by  a  membranous  tube,  which  here  forms  the 
epicalyx.  Sometimes,  after  the  perianth  and  sexual  organs  have  begun  to  be  formed, 
an  outgrowth  of  the  flower -stalk,  at  first  annular,  is  formed  below  the  flower,  growing 
up  afterwards  in  the  form  of  a  cup  or  saucer,  and  bearing  scaly  or  spiny  protuberances. 
A  structure  of  this  kind  is  called  a  CupuJe ;  and  the  cup  in  which  the  acorn  of  the 
various  species  of  Oak  is  seated  is  of  this  nature'.  In  this  case  the  cupule  surrounds 
only  one  flower,  in  the  Sweet- Chestnut  and  Beech  on  the  other  hand  it  encloses  a 
small  inflorescence.  This  spiny  cupule  afterwards  splits  from  above,  separating  into 
lobes,  to  allow  the  escape  of  the  fruit  which  has  ripened  within  it.  When  an 
inflorescence  is  surrounded  by  a  peculiarly  developed  whorl  or  rosette  of  leaves,  as  in 
Umbelliferse  and  Compositse,  this  is  called  an  Involucre;  when  a  single  sheathing  leaf 
envelopes  an  inflorescence  springing  from  its  asis,  it  is  a  Spaike.  Both  involucre  and 
spathe  may  assume  a  petaloid  structure,  ihe  former,  for  example,  in  Cornus  florida, 
the  latter  in  AroideEe. 


'    [The  garden  Clematis   known  as  'Lucie  Lemoine' 
involucie  which  has  evidently  originated  from  the  growth  of  the 
of  the  multiplied  petaloid  sepals.] 

'  On  the  development  of  the  acorn-ciip  see  Hofmeistei-,  AIli;en 
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The  Andraaum  is  composed  of  the  issembli^e  of  the  male  sexual  organs  of  a 
flower.  Each  separate  organ  is  called  a  Siamen,  ind  consists  of  the  Anther  and  its 
stalk  the  Filament,  which  is  Ubually  filiform,  but  sometimes  expanded  like  a  leaf. 
The  anther  consists  of  two  longitudinal  halves  (anther-lobes)  placed  on  the  upper 
part  of  the  filament  right  and  left  of  its  median  hne ,  and  the  portion  of  the  filament 
which  bears  the  lobes  of  the  anthers  is  distinguished  as  the  Connective. 

The  lateral  position  of  the  stamens  on  the  floral  axis  {the  receptacle)  is  quite 
unmistakeable  in  all  hermaphrodite  and  in  most  exclusively  male  flowers.  Their 
lateral  position,  their  exogenous  origin  from  the  primary  meristem  next  th&punctum 
vegetaiionis  of  the  floral  axis,  their  acropetal  order  of  development,  and  the  frequent 
monstrosities  in  which  the  stamens  assume  more  or  less  the  nature  of  petals,  or  even 
of  foliage-leaves',  place  it  beyond  doubt  that  they  must  be  considered  morpho- 
logically as  foliar  structures,  and  make  it  convenient  to  term  them  Staminal  Leaves ; 
the  filament,  together  with  the  connective,  being  considered  as  the  leaf,  of  which 
the  two  anther-lobes  are  appendages.  From  a  morphological  point  of  view  it  is 
therefore  indifferent  whether  the  filament  gready  preponderates  in  size,  or  is  incon- 
siderable as  compared  to  that  of  the  anther.  Certain  cases  have,  however,  become 
known  in  which  the  anther  appears  itself  to  be  a  product  of  the  floral  axis,  and  the 
Stalk,  which  corresponds  to  the  filament,  is  the  floral  axis  itself,  but  doubts  suggest 
themselves  as  to  the  accuracy  of  these  observations  and  as  to  the  correctness  of  their 
interpretation.  According  to  Magnus  ^  the  vegetative  cone  of  the  male  floral  axis 
of  Naias  becomes  transformed  into  a  quadrilocular  anther  by  the  formation  of 
pollen-mother-cells  in  four  peripheral  longitudinal  strips  of  its  tissue.  Kaufmann 
had  previously  described  a  somewhat  similar  process  in  the  case  of  the  anther  of 
Casuarina;  and,  according  to  Rohrbach',  the  apex  of  the  floral  axis  of  Typha 
either  iLself  developes  into  the  anther,  or  it  first  of  all  branches  and  then  forms  an 
anther  on  each  branch.  Schenk  asserts  in  a  letter,  that  this  latter  statement  is 
erroneous ;  according  to  his  observations  the  stamens  are  developed  like  those  of 
the  Compositse  on  ihe  margin  of  the  shallow  depression  at  the  apes  of  Che  parent 
axis.  The  question  as  to  the  nature  of  the  organs  bearing  the  anthers  in  the 
Euphorbiese,  whether  they  are  modified  branches  (caulomes)  or  leaves,  is  discussed 
in  a  considerable  literature  which  does  not,  however,  lead  to  any  decision'.  Even  if, 
as  Warming  states,  the  single  anther  of  Cyclanlhera  is  developed  at  the  apex  of  the 
floral  axis,  this  central  organ  is  not  necessarily  a  caulome  any  more  than  the  axillary 
sporangia  of  many  Lycopodiea.  The  true  significance  of  such  cases  as  these 
cannot  be  arrived  at  from  a  study  of  development  alone,  but  comparisons  must  be 
instituted,  as  also  in  those  cases  in  which  complete  abortion  of  certain  pans  of  the 
flower  occurs,  with  nearly  related  forms,  that  is,  the  ' phylogenetic  method'  must  be 
followed.  These  remarks  apply  also  to  the  above-mentioned  peculiarities  of  the 
anther  in  Naias  and  Casuarina ". 


'  [On  'phyllody'  and  'petaiody'  of  stamens  see  Masters,  Vegetable  Teratology,  Ray  Soc.  iS6y, 
PP'  363-^5^1  ^"^  285-296.] 

'  Magnus,  Bot.  Zeitg.  iS6g,  p.  771. 

'  Rohrbach,  in  Sitzungsber.  der  Gesellsch.  naturf.  Freunde  in  Berlin,  Nov.  16,  1S69. 

'  Warming,  in  Hanstein's  Bot.  Abliandi.  Kd.  II. 

'  [See  also  Magnus,  Beilr,  z.  Kennt.  d.  Gait.  JVnins,  Beilin,  1870.— Sttosburger,  Die  Coniferen 
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But,  besides,  the  morphological  homoloi^>  of  the  separate  parts  of  the  ordinary 
stamens  is  not  yet  allogeiher  determinei  more  precise  investigations  into  the  history 
of  development  being  still  want  ne;  in  thi  direction.  Cassini  and  ROper  consider 
the  two  anther-lobes  as  the  ';-«ollen  lateral  h^Ke';  of  the  lamina  of  the  stamen  ;  their 
loculi  would  therefore  in  that  case  be  mere  excavations  in  the  tissue  of  the  leaf; 
the  pollen-mother-cells  become  d  flereniiated  inside  the  young  tissue  of  the  leaf 
According  to  this  view  the  furrow  bet  leen  the  two  pollen-sacs  of  an  anther-lobe  (see 
Fig.  357.  ^)  would  correspond  to  the  margin  of  the  slaminal  leaf;  but  this  cannot  be 
the  case ',  at  least  not  alwa>s  accord  ng  to  Mohl  s  observations.  When  the  stamens 
become  transformed  into  petals  (bj  the  so  called  doubling'  of  the  flower)  as  in  the 
Rose,  Poppy,  Nigella  damas  ena  &c  it  may  be  observed  with  certainty  that  the 
d  po  lid  d     pp  1  I     h  Id  be 

h  f  blgdhpplh  hd  fhml 

I    f    b      h     boh         f  rm  d  h       jpe         f         h  11  i 

"llfblfp  mglfhb  I 

h  h  hpl  f  hbed  Ijd 

d  by         1        Ij  1  p  f  i 


1     1 

f  q     1 

h 

M  hi  be 
f 

poll 

h 
gh  be 

m      d      1  pm  Ij     h 

pl      1>      h  f  gh  be  h  1  f    h  h  d 

frmlm  hhplen  f  lib         dly 

big  d      f  h      t  me    ,  it  appears,  however,  that  thej  must  in  some  cases 

be  referred  to  the  under  (Fig.  357,  C,  H),  in  others  to  the  upper  side  (Fig.  360,  C). 
The  origin  of  the  pollen-molher-cells  and  the  development  of  the  wall  of  the  separate 
pollen-sacs  calls  to  mind  so  vividly  in  all  essential  features  the  corresponding  pheno- 
mena in  the  sporangium  of  Lycopodiacese  and  even  of  Equisetace^,  that  it  may  be 


und  Gnetaceen,  1872.— Hieronymus,  Zur  Dentung  sogen.  axiler  Antheren,  Bot.  Zeil.  1872,  and 
Beitr.  z.  Kennt  d.  Centrolepidaceen,  Halle  1873.— Keuther.  Eeitr.  z.  Entwick.  d.  Bliithe.  Bot.  Zeitg. 
1876.— Kngler,  Beilr,  z.  Keiiiit,  der  Antherenbildung,  Jahrb.  f.  wiss,  Bot.  X.  1876.— Celakovslty, 
Teratolt^ische  Beitrage  mr  morphol.  DeutunE  des  Staubgcfa^s,  Jahrb.  f.  wiss.  Bot.  XI.  1878, 

With  reference  to  Typha.  Magnus  finds  that  the  apparently  axia!  slamen  consists  really  of  three 
coherent  lateral  stamens.  In  Nairn,  Casuarina  and  Cyclimtkera,  the  stamen  is  undoubtedly  axial. 
It  would  appear,  therefore,  that  stamens  are  not  always  phylloraes.  It  is  still  possible,  however,  that 
Ihey  may  be  phyllomes  in  these  cases.  Celakovsky  goes  so  far  as  to  regard  the  stamen  of  JVaias  as 
a  terminal  leaf,  a  quite  impossible  morphological  conception  (Flora,  187.1).  The  researches  of 
Hieronymus  lend  lo  show  that  the  statement  made  above  on  p.  491  may  be  near  the  truth,  namely, 
that  in  these  cases  the  pollen-sacs  may  be  the  surviving  portions  of  otherwise  abortive  staminal  leaves. 
In  Brizula,  one  of  the  CentrolepidaceK,  he  finds  a  single  axial  stamen  :  in  Altpymta  and  Ctntrolepii  he 
finds  that  the  stamen  is  developed  from  one  longitudinal  half  of  the  growing-point,  and  that  the  other 
half,  the  persistent  growing-point,  is  forced  on  one  side  by  the  growth  of  the  slamen,  so  that  the 
slamen  lies  in  the  same  straight  Ime  as  the  long  axis  of  the  stem.  He  finds  this  lo  be  the  case  als« 
inaGrass.  J'esft-M/amAj-mywM;  in  the  nearly-aliied  f.  ^m,™too,  which  usually  has  three  lateral 
stamens,  it  sometimes Wi a ppens  that  only  one  stamen  is  present,  and  this  is  (hen  developed  in  the 
manner  described  above.  On  the  other  hand,  these  facts  may  be  used  to  prove  that  a  stamen  may  be 
sometimes  a  caulome  and   sometimes  a  phyllome.     It  must  be  borne  in  mind  that  the  ideas  of 

'  H.  V.  Mohl,  ^'ermischle  Schriflen,  p.  42, 
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assumed,  until  more  exact  observations  bring  something  different  to  light,  that  each 
pollen-sac  {i.e.  each  loculus  with  its  wall)  corresponds  to  a  sporangium,  and  hence 
also  to  a  single  pollen-sac  of  CycadeK  and  Cupressineie ;  and  that  therefore  the 
anther  usually  consists  of  four  pollen-sacs  springing  side  by  side  from  the  anterior  or 
posterior  side  of  a  staminal  leaf,  the  sacs  lying  in  pairs  so  close  to  one  another 
right  and  left  of  the  connective,  that  they  coalesce  more  or  less  laterally  to  form  ons 
anther-lobe.  But  before  we  pass  on  to  the  consideration  of  the  pollen-sacs  and 
their  contents,  we  must  again  recur  to  the  discussion  of  the  entire  stamen  and 
andrcecium. 

The  stalk  of  the  anther  (the  filament  with  its  connective)  is  either  simple  or 
segmented.  The  simple  filament  may  be  filiform  (Fig.  359)  or  expanded  into  the 
form  of  a  leaf  {Fig.  358),  sometimes  even  very  broad,  as  in  AsclepiadeK  and 
Apocynace^;  or  it  may  be  broad  below  (Fig.  363, y)  or  above;  it  generally  termi- 
nates between  the  two  anther-lobes,  but  is  not  unfreqoently  prolonged  above, 
them  (Fig.  358,  D)  as  a  projection,  or  in  the  form  of  a  long  appendage  as  in  the 
Oleander.     If  the  upper  part  of  the  stalk,  the  connective,  is  broad,  the  two  anther- 


lobes  are  distinctly  separated  ^Figs.  358,  362) ;  if  it  is  narrow,  they  lie  close  to  one 
another.  The  articulation  of  ihe  stalk  is  very  commonly  the  result  of  the  con- 
nective being  sharply  separated  from  the  filament  by  a  deep  constriction;  the 
connection  of  the  two  is  then  maintained  by  so  thin  a  piece  that  the  anther,  "together 
with  the  connective  which  unites  the  anther-lobes,  swings  very  lightly  as  a  whole  on 
the  filament  (versatile  anther).  The  point  of  connection  may  be  at  the  lower  end,  at 
the  centre  {Fig.  363),  or  at  the  upper  part  of  the  connective ;  sometimes  the  detached 
connective  attain^  a  considerable  size,  and  forms  appendages  beyond  the  anther 
(Fg  364  4  t)  or  t  s  developed  between  the  two  lobes  like  a  cross-bar,  so  that 
the  filan  ent  and  connective  form  a  T,  as  in  the  Lime,  and  to  a  much  greater  extent 
11  Sal  n  wlere  the  transversely  extended  connective  bears  an  anther-lobe  on  one 
arm  only  wh  le  the  other  is  sterile  and  is  adapted  for  a  different  purpose.  Whether 
the  anther  lobes  ae  parallel  depends  on  the  mode  of  their  connection  with  the 
connective ;  if  they  are  so,  they  are  usually  attached  to  the  connective  for  their 
whole  length ;  or  in  other  cases  they  are  separated  above,  or  free  below  and 
coherent  above,  in  which  case  they  may  become  placed  at  such  a  distance  from  one 
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another  that  the  two  lobes  tie  in  one  line  above  the  apex  of  the  filament,  as  in  many 
Labiate.  Not  unfrequently  the  filament  also  has  appendages ;  as,  for  example,  the 
membranous  expansions  or  appendages  right  and  left  below  in  Allium  which 
resemble  stipules,  or  a  hood-shaped  outgrowth  behind  as  in  Asclepiadese,  or  ligular 
structures  in  front  as  in  Alyssum  monlanum,  or  conical  prolongations  beneath  on 
one  side  as  in  Crambe,  or  on  both  as  in  Mahonia  (Fig.  362,  x). 

A  phenomenon  of  great  importance  from  a  morphological  point  of  view  is  the 
branching  of  stamens  which  occurs  in  many  Dicotyledons,  a  peculiarity  of  structure 
which  was  erroneously  confounded  by  the  older  botanists  with  their  cohesion, 
although  the  two  are  fundamentally  distinct.  Sometimes  the  branching  of  stamens 
takes  place,  like  that  of  foliage- leaves,  bilaterally  in  one  plane,  right  and  leil  of  the 
median  line,  so  that  the  branched  stamen  has  a  pinnate  appearance,  as  in  Calo- 
thamnus  (Fig.  365,  st),  where  each  division  bears  an  anther.  In  other  cases  the 
branching  takes  place  in  a  kind  of  polytomy,  as  in  Ricmus  (Ftg,  366),  where  the 


separate  stamens  arise  in  the  form  of  simple  protuberances  from  the  receptacle,  each 
one  repeatedly  producing  new  protuberances,  which  at  length  develope  by  inter- 
calary growth  into  a  compoundly  and  repeatedly  branched  filament;  the  ends  of 
the  branches  all  bearing  anthers.  In  the  Hypericinete ',  three  or  five  large  broad 
protuberances  (Fig.  367,  II^V,  a)  spring  from  the  periphery  of  the  floral  axis  after 
the  formation  of  the  corolla,  on  each  of  which  smaller  roundish  knobs  are  produced 
in  basipetal  succession  from  its  apex  ;  these  latter  become  the  filaments,  each  of 
which  eventually  bears  an  anther,  and  are  connected  at  their  base  \vith  the  primordial 
protuberance  of  which  they  are  branches.  A  horizontal  section  through  the  tlower- 
bud  before  the  opening  of  the  flower  shows,  especially  in  Hypericum  calycinum,  the 
numerous  filaments  which  spring  from  one  original  protuberance  densely  crowded 
into  one  bundle.     In  this  and  many  similar   cases  the   common   primordial  basal 


'   [For  further  details  see  Molly,  tJnters.  Ub.  die 
laceen,  Diss.  Inaug.  Bonn,  1875.] 


liithenetitwickelung  der  Hypericinee 
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portion  of  the  stamen  remains  very  short,  while  the  secondary  filaments  lengthen 
considerably  and  subsequently  present  the  appearance  of  a  tuft  springing  from  the 
receptacle,  the  true  nature  of  which  can  only  be  ascertained  by  the  history  of  its 
development.     If,  on  the  contrary,  the  primordial    basal    portion   lengthens,  as  in 


Calolhamnus,  the  whole  stamen  is  easily  recognised  as  branched  even  in  the  mature 
condition. 

Of  no  less  importance  for  understanding  the  entire  plan  of  structure  of  a 
flower,  and  especially  the  relations  of  number  and  position  which  actually  occur, 


is  the  cohesion  of  stamens  which  grow  side  by  side  in  a  whorl.  In  Cucurbita, 
for  example,  there  are,  in  the  earliest  stage,  five  stamens,  but  at  a  later  period  only 
three  are  found,  two  of  which  are,  however,  broader  than  the  third;  these  are  each 
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the  result  of  the  lateral  coalescence  of  two  stamens.  In  this  case  the  filaments 
become  combined  into  a  central  column,  on  which  {as  is  shown  in  Fig.  368,  III)  the 
poUen-sacs  grow  more  rapidly  in  length  than  the  filaments,  fiDTming  vermiform  coils. 
The  relationships  are  much  more  complicated  and  more  difficult  to  understand 
when  cohesion  and  branching  of  the  stamens  occur  simultaneously,  as  in  Mal- 
vacefe.  In  Althaa  rosea,  for  instance,  the  filaments  form  a  membranous  closed 
tube  which  completely  envelopes  the  gynseceura;  springing  from  this  tube  are  five 
vertical  and  parallel  double  rows  of  long  filaments,  each  of  which  (Fig.  369,  B) 
again  splits  into  two  arms  (/),  and  each  of  these  arms  bears  a  single  anther-lobe. 
The  history  of  development  and  a  comparison  with  allied  forms  shows  that  the  tube 
is  formed  by  the  lateral  coalescence  of  five  stamens ;  but  the  coherent  margins  produce 
double  rows  of  lateral  ramifications,  in  other  words,  of  filaments,  which  then  again 
split  into  two  arms.  A  horizontal  section  of  the  joung  stammal  tube  (Fig  369,  A) 
shows  plainly  these  double  rows  of  split  filaments  ,  the  pirt  (n)  which  lies  between 
two  of  these  must  be  considered  as  the  substance  of  a  stamen,  the  margms  of  which 


each  bear  right  and  left  a  simple  row  of  filamenls  as  lacmife  or  branches'.  In 
the  Lime,  where  the  five  primordial  stamens  also  branch  at  the  m-irgms,  and  form 
anthers  on  their  branches,  the  stamens  remain  free,  but  m  other  respects  the 
phenomena  are  altogether  similar-'^^  Payer,  /.  c.) 

The  stamens  not  unfrequently  suffer  conspicuous  displacements  by  the  inter- 
calary growth  of  the  tissue  of  the  receptacle  in  the  region  of  their  m'.ertion;  and 
such  displacements  are  also  ordinarily  included  under  the  term  cohesion  (or  adhe- 
sion)^.   Thus  the  stamens  often  adhere  to  the  calyx  or  corolla,   and  then,  when 


'  The  strangeness  of  this  conceptioa  will  disappear  if  the  structure  is  ree-iUed  of  a  unilocular 
ovary  with  numerors  carpels  coherent  at  the  mai^iis,  e.g.  Viola  where  the  ovules  arise  in  double 
rows  on  the  lines  of  junction  (the  phcent:e).  What  lakes  place  in  one  case  m  the  inside  in  reference 
to  the  ovules  takes  place  in  the  other  case  on  the  outside  in  the  formation  of  the  filaments 

'  [It  has  come  to  be  the  usage  in  English  worlis  on  descriptive  botany  to  apply  the  term 
'  cohesion '  to  the  apparent  union  of  organs  of  the  same  kind,  '  adhesion '  to  Ihe  apparent  union  of 
organs  of  a  different  kind.] 
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mature,  the  filaments  appear  as  if  they  sprang  from  the  inside  of  the  perianth ; 
ihe  eariiest  stages  of  development  show,  however,  that  the  perianth-leaves  and  ihe 
stamens  spring  in  succession  and  separately  from  the  receptacle ;  it  is  not  till  a  later 
period  that  intercalary  growth  begins  at  the  part  of  the  receptacle  from  which  both 
spring ;  in  this  manner  a  lamella  grows  up  which  structurally  forms  the  basal  portion 
of  the  perianth -leaf,  and  which  at  the  same  time  bears  the  stamen,  so  that  the 
appearance  is  presented  as  if  the  stamen  sprang  from  the  centre  of  its  inner  surface. 
This  is  shown  in  Fig.  370,  £,  where  p  is  s.  perianth-leaf  and  a  an  anther  sessile  upon 
it ;  the  two  stand  at  first  distinct  on  the  young  receptacle  one  over  the  other ;  the 
portion  of  leaf  lying  beneath  a  and  p  is  not  formed  till  a  much  later  period  by 
intercalary  growth,  and  pushes  up  at  the  same  time  the  true  perianth-leaf  p,  and 
the  stamen  a.  This  kind  of  adhesion  is  especially  Sequent  in  those  flowers  whose 
petals  have  also  become  coherent  laterally  into  a  tube,  such  as  Compositse,  Labiate, 
Valerianaceee,  &c.  On  the  other  hand,  the  stamen  may  also  become  adherent 
in  various  ways  to  the  gyn^ceum.     In  StermUa  Salanghas  (Fig.  371)  this  structure 


is  only  apparent  dcpendmg  simply  on  the  small  stamens  winch  ire  placed  close 
beneath  the  ovar>  becoming  riiacd  up  together  with  it  b}  the  elongation  of  a 
part  of  the  receptacle ,  from  their  small  siae  the)  appear  like  a  mere  appendage  of 
the  large  ovary  the  part  which  bears  both  the  organs  the  Gjno^hotc  is  therefore 
in  this  case  an  internode  of  the  floral  axis  Much  more  comphcated  is  the  historj 
of  the  formation  of  the  true  Gynosieramm  (column)  which  is  formed  above  an 
inferior  ovary,  as  in  the  AnstolochiaccEe,  and  especially  m  the  Orchidc'*,  where 
these  adhesions  and  disphcements  of  the  parts  of  the  flower  are  also  combined  with 
abortion  of  certain  members  bince  these  lelationshipa  will  be  explained  in  the 
sequel,  the  examination  of  Fig  37a  will  suffice  for  the  pre'ient,  where  the  flower  of 
Cypripedium  is  represented  frcm  the  side  i^A)  from  behind  {B),  and  from  front  (C), 
after  removal  of  the  penanth  (/^)  /"is  the  inferior  ovary,  ^j  the  gjnosiemjum, 
resulting  from  the  adhesion  of  three  stamens^ — two  of  which  (ad)  are  fertile,  while  the 
third  (.(■)  forms  a  sterile  stammode — with  the  carpel  the  anterior  part  of  which -bears 
the  stigma  («).  In  this  case  the  gynostemium  consists  entirely  of  coherent  foliar 
structures,  or  of  ilie  basal  porticns  of  the  staminal  and  carpellar)  leaves    both  cf 
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which  spring  from  the  upper  margin  of  the  hollowed-out  receptacle  which  constitutes 
the  inferior  ovary  '. 

The  size  and  form  of  the  stamens  frequently  varies  within  one  and  the  same 
flower;  thus,  for  instance,  in  the  CniciferEe  there  are  two  shorter  and  four  longer 
(tetradynamous),  in  the  Labiate  two  larger  and  two  shorter  (didynamous)  stamens ; 
in  Cmlradenia,  as  was  shown  in  Fig.  364,  A,  B,  they  are  not  only  of  different  size, 
but  are  also  differently  segmented.  A  correct  conception  of  the  history  of  develop- 
ment and  a  comparison  of  the  relationships  of  number  and  position  in  nearly  allied 
plants  enable  one  to  apply  the  term  stamen  even  to  structures  which  have  no  anther 
and  therefore  want  ihe  ordinary  physiological  character  of  stamens.  Thus,  for 
example,  in  Geranium  there  are  two  whorls  of  fertile  stamens,  while  in  the  nearly 
related  genus  Erodium  those  of  one  whorl  are  without  anthers.  Such  sterile  stamens 
or  Staminodes  generally  undergo  further  metamorphosis,  by  which  they  become  unlike 
the  fertile  ones  and  not  unfrequently  petaloid,  as  the  innermost  staminal  leaves  of 
Aquikgia ;    or  assume  very  peculiar  forms,   as  in  Cypripedium   (Fig.  372,  s).     In 


some  Gesneracese  a  glandular  structure  or  nectary  is  found  in  place  of  the  poste- 
rior stamen  (compare  the  drawing  of  Coluntnea,  Fig.  416).  Metamorphoses  of 
this  kind  may  be  considered  as  the  first  steps  to  a  condition  of  abortion,  the  final 
stage  of  which  is  the  production  of  a  vacancy  at  the  spot  where  the  stamen  should 
be,  as  in  the  Labiatse,  an  order  closely  allied  to  the  Gesneraceae,  where,  in  the  place 
of  this  staminode  there  is  no  structure  whatever ;  instead  of  the  five  stamens  to  which 
the  plan  of  construction  of  the  flower  points,  there  are  only  four,  even  the  rudiment 
of  the  fifth,  the  posterior  one,  being  suppressed,  as  is  seen  in  Fig.  373  '.  Phenomena 
of  this  kind  altogether  justify  the  hypothesis  of  abortion  in  those  cases  in  which 
the  absent  ot^an  does  not  disappear  in  the  course  of  development,  but  never  comes 


'  Compare  the  account  of  the  development  and  significance  of  the  flowers  of  Orchideie  in  the 

=  [Peyiitsch  however  (Sitzungsb.  der  k,  Akad.  der  Wissen.  zu  Wien,  1872)  infers,  from  the 
constant  reversion  to  fours  in  the  peloric  flowers  of  Lahiat^^,  and  from  other  considtrations,  that  the 
original  type  of  the  flower  is  tetranierous.] 
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into  existence  at  all,  if  the  hypothesis  of  the  suppression  of  the  pact  is  confirmed 
by  a  comparison  of  the  relationships  of  number  and  position  in  nearly-allied  plants. 
The  hypothesis  of  an  abortion  of  this  kind  was,  however,  for  the  first  time  placed 
on  a  firm  basis  by  the  theory  of  descent 

The  number  of  stamens  in  a  flower  is  only  rarely  so  few  as  one  or  two ;  like 
the  perianth -leaves  they  are  usually  numerous,  and  they  are  then  arranged  in  the 
form  of  rosettes,  either  spirally  or  in  whorls.  If  the  arrangement  of  the  perianth- 
leaves  is  spiral,  that  of  the  stamens  is  usually  the  same,  and  the  number  of  the 
latter  is  then  very  commonly  large  and  indefinite,  as  in  Nymphaa,  Magnolia,  Ranun- 
culus, Helieborus,  &c.;  but  in  this  case  they  are  sometimes  aiso  few  in  number  and 
definite. 

Much  more  often,  however,  the  stamens  are  arranged  in  one  or  more  whorls, 
those  in  one  whorl  being  then  usually  equal  in  number  and  alternate  with  those  in 


the  other  whorls,  and  with  the  perianth -leaves  [symmetrical  flowers  of  English  text- 
books]. There  are,  however,  numerous  deviations  from  this  rule  [unsym metrical 
flowers  of  English  text-books]  occasioned  frequently  by  the  abortion  of  particular 
members  or  of  whole  whorls,  or  by  their  multiplication,  or  by  the  superposition  of 
consecutive  whorls ;  and  not  unfteqiiently  in  the  place  of  a  single  stamen  two  or 
even  more  will  arise  side  by  side  [dedoubkmenf).  These  phenomena,  which  are 
often  dlfiicult  to  make  out,  are  nevertheless  of  great  value  in  the  determination  of 
natural  affinities,  and  will  be  still  further  examined  in  the  sequel. 

Development  of  the  Pollen  and  of  the  Anther-wall^.  The  description  given  in 
this  place  will  apply  only  to  the  ordinary  cases  in  which  the  pollen  is  formed  in 

'  Nageli.  Zur  Entwickelungsgeschidite  lies  Pollens,  Zurich,  184a.  — Hofmeister.  Neue  Beitrage 
zur  Kenntniss  (ler  Embryobildung  der  Phanerogamen,  II.  Monocotyledonen.— Warming,  Unters.  iib. 
polUnbildende  Phyllome  und  Caulome,  in  Hanstein's  Bot.  Abhdl.  Bd.  II.  1873.— [Goebei,  Beit.  z. 
Enlwkkgesch.  d.  .Sporangioii,  Bot.  Zcit.  1881.] 
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which  calls  strongly  to  mind  the  formation  of  the  spores  of  Vascular  Cryptogams, 
In  other  cases,  however,  as  for  instance  in  many  Dicotyledons  {Tropceolufa,  A Miza,' 
&c,),  the  very  thick-walled  mother-cells  do  not  become  isolated  hey  completely 
fill  up  the  pollen-sac,  but  may  become  separated  after  the  rujtire  of  the  anther- 
waE  in  water.  In  most  Monocotyledons  the  large  central  1  cleus  d  v  des,  and 
two  fresh  nuclei  make  their  appearance;  this  is  followed  Ly  the  d  01  of  the 
protoplasm,  and  by  the  simultaneous  formation  of  a  cell  ill  n  he  plane  of 
division.     The  same  process  is  repeated  in   each  of  the  t    o  ceil      and  thus  the 
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four  'special'  mother-cells  of  ths  pollen  are  formed  (Fig.  375).  Thus  the  mode 
of  development  of  the  pollen-grains  in  Monocotyledons  resembles  that  of  the 
microspores  of  Isoeles.  It  sometimes  happens  that  only  one  of  the  two  secondary 
cells  divides,  and  then  only  three  pollen-grains  are  formed,  two  of  them  being  of 
nonnal  size,  the  third  considerably  larger :  or  again,  neither  of  the  two  cells  may 
divide,  or  only  imperfectly,  and  this  leads  to  modifications  of  the  size  and  shape 
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tetrad  now  becomes,  d  fferen  ated  into  concentnt,  systems  of  lajer';  and  these  ire 
enveloped  b)  lajers  which  are  common  to  the  whole  tetrad  (Figs  376  Z"  379) 
If  the  tetrids  hiie  lam  for  some  time  in  water  the  labels  usualh  burst  and  tie 
protoplasmic  contents  of  the  youi  g  p  ikn  cells  are  f  reed  tut  through  the  fis  ure 
and  become  rounded  off  into  a  sphere  (F  gs  37c;  T 1/  3  S  ^  G)  Sooi  after 
the  convers  on  of  the  mother  cells  of  the  pollen  into  a  telrid  each  protoplasmic 
mass  becomes  clothei  ith  a  new  cell  wall  at  first  icrj  thin  which  la  continuous 
with  the  inner  lajers  of  the  will  of  the  mother  cell  as  is  shown  by  its  becomrg 
detached  from  them  when  caused  to  contract  bj  alcohol  This  is  the  true  cell  wall 
of  the  poUei    whii,h  now  increases  greatly  m  th  cknuss  ani  becomes  differentiated 


into  an  outer  cuticularised  layer  and  an  inner  one  of  pure  cellulose,  the  Exiine  and 
the  Inline.  The  former  becomes  covered  on  the  outside  with  spines  (Fig.  379,  p/i), 
warts  (Fig.  376),  ridges,  combs,  &c. ;  while  the  latter  frequently  forms  considerable 
thickenings  which  project  inwards  at  particular  spots  (Fig.  379,  v),  and  at  a  later 
period  ar^  employed  to  form  the  pollen-tube.  During  these  processes  the  layers 
forming  the  envelope  of  the  tetrad  become  slowly  absorbed,  their  substance  is 
converted  into  mucilage,  and  they  at  length  entirely  lose  their  form ;  their  dis- 
organisation may  commence  either  on  the  inner  (as  in  Fig.  375,  VII,  x)  or  outer 
side  (Fig.  379,  sg)  of  the  wall  of  the  mother-cell.     In  consequence  of  this  absorption 
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the  young  pollen-cells  become  free,  separate,  and  float  in  the  granular  fluid  which 
fills  up  the  cavity  of  the  anther;  and  within  this  they  now  attain  their  definite 
development  and  size.  The  fluid  being  thus  used  up,  tlje  mature  pollen-grains  finally 
fill  up  the  cavity  of  the  anther  in  the  form  of  a  powdery  mass. 

[The  ripe  poilen-grain  of  Angiosperms  has  been  found  in  many  cases  to  contain 

I     PI  hhhllg  Ibem     solated  from  each 

h       h  1  f   h  i    g        d  larger,  the  other 

11         Th      m  U  1  1  h         II    f    h    g  d  becomes  invested 

by  t        pi    m     h  p  d    1      1!      h    h  m    cases,  is  cut  off 

f    m   1  f  h  by  U    f      11  1  1  1  us  remains  as  the 


may  divide  once 
s  not  divide;  the 
hose  which  have 


been  described  as  taking  place  in  the  pollen-grains  of  the  Gymnosperms :  the  small 
cell  (or  the  cells  derived  from  it)  evidently  corresponds  to  the  '  vegetative '  cells  in  the 
grains  of  Gymnosperms  and  in  the  microspores  of  the  heterosporous  Vascular 
Cryptogams,]  The  pollen-tube  is  formed  from  the  large  cell :  it  is  developed  as  a 
protuberance  of  the  intine,  whidi  perforates  the  extine  at  certain  definite  spots  that 
have  usually  been  prepared  beforehand.  The  spots  where  this  perforation  takes  place 
are  often  more  than  one,  or  even  very  numerous  (Fig,  380  a,  381  0);  yet,  notwith- 
standing the  possibility  of  the  formation  of  this  number  of  pollen-tubes  from  one  grain, 
only  one  usually  grows  to  an  extent  sufficient  to  effect  impregnation.  Independently 
of  the  structure  of  the  extine  itself  which  has  already  been  mentioned,  the  externa] 

•  [Hartig  (in  Karsten's  Bolan.  Untersnch.  IIT.  1866)  was  the  first  to  observe  two  nuclei  in  a 
pollen  grain :  lie  found  them  in  the  grains  of  Tradei-canlia,  Camfanula.  Oenothera,  Llllum,  Clematis, 
Allium,  etc.  His  observations  ha.vebeen  extended  by  Strasburger  (Ueber  Befrndifung  und  Zelltheiluiig. 
1878)  and  by  Elfving  (Jenaisclic  Zeilschrifl,  1877.  and  Quart.  Jonra.  Micr.  Sci.,  XX.  1880.)] 


vGooqIc 


ANGIOSPERMS. 


555 


form  and  sculpture  of  the  outer  coal  of  pollen-grains  depends  chiefly  on  the  number 
of  the  spots  at  which  the  perforation  may  take  place,  on  the  mode  in  which  these  are 
arranged,  and  on  the  circumstance  whether  the  extine  is  at  these  spots  merely  thinner  ' 
and  the  intine  projects  in  the  form  of  a  wart  {Fig.  380),  or  whether  roundish  pieces 
of  the  extine  become  detached  in  the  form  of  a  Kd,  as  in  Cucurbitaceie  and  Passiftora 
(Fig-  35,  P-  33),  or  whether  it  splits  into  bands  by  spiral  fissures,  as  in  Thunbergia 
(Fig.  36,  p.  34},  &c.^  At  ihe  points  of  perforation  the  intine  is  generally  thicker,  often 
forming  hemispherical  protuberances  which  furnish  the  first  material  for  the  formation 
of  the  pollen-tube  (Fig.  381,  i),  or  the  extine  only  forms  thinner  longitudinal  sfrise 
which  fold  inwards  when  the  pollen-grain  becomes  dry  (as  in  Gladiolus,  Yucca, 


form  )  and  con  nuously 


HdUborus,  &c.).     Very  commonly  howeve     he 

thickened,  as  in  Canna,  S/reli/zia,  Musa,  F  &c      and    : 

Schacht,  no  definite  spots  are  prepared  b  fo  ehand    vhe  e    he  pe  fo  a     n       o   ake 

place.     The  number  of  these  peculiarly  o    an  ed  po  n     of  pe  fo  a  on  s  defi     e 

each  species,  often  in  whole  genera  and  fam    es      he  e   s  o  1    one  n  mos    Mono 

cotyledons  and  a  few  Dicotyledons,  two  in  Ficus,  JusHcia,  &c.,  three  in  the  Onagrarieffi, 

Proteace»,  Cupuliferaj,   GeraniaccEe,   CompositEe,   and  Boraginese ;   four  to  six  iti 

Impatiens,  Astrapaa,  Alnus,  and  Carpinus,  while  the  number  is  large  in  Convolvulacete, 

'  For  more  minute  details  see  Schacht,  Jahrb.  fur  wissensch.  Bot.  II.  p.  109,  and  Luerssen, 
ibid.  VII.  p.  34— [Fritzsche,  Beitrage  lur  Kenntnbs  des  Pollen,  Berlin,  1832.— Mohl,  Beittage  iur 
Analomien,  Physiologic  der  Gewachsc,  1st  Heft,  Bom,  1834.— Edgeworth,  Pollen,  London,  1877.] 
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Ma!iacc%  \lsme'^,  &c  (see  '^chiLht,  i  c)  The  exline  is  raielj  smooth,  more  often 
marked  on  the  outside  by  the  sculpture  to  which  reference  has  ahead)  been  made. 
When  It  IS  very  thick,  layer';  of  different  -itriitture  and  texture  maj  frequently  be 
detected,  and  differentiations  sometimes  occur  m  a  radul  direction  penetrating  the 
thickness  of  the  e\tme  (Fig  381)  andgmngitin  some  cases  the  appearance  of  con- 
sibting  of  rod-bhap ed  pnsmafic  pieces,  or  of  honejcomb  like  lamellfe  &c  ,  peculiarities 
of  structure  recalling  tho-e  of  the  epispore  of  Rlarsiliacete  The  contents  of  the  ripe 
poIIen-gram,  the  FuitUa''  of  the  older  botanists  usuallj  consists  of  a  dense  coarse-  - 
grimed  protoplasm  m  which  grams  of  starch  ind  drops  of  oil  ma>  be  recognised. 
\\hen  the  gram  bursts  m  wattr  the  fo\illa  escipes  m  ma-sses  connected  by  mucilage 
and  often  in  long  vermiform  threads  The  surface  of  the  exfine  is  commonly  found 
coated  with  a  jellow  oil,  or  of  some  other  colour,  often  in  evident  drops,  which 
renders  the  pollen  visad  and  adapted  to  be  carried  by  insects  from  flower  to  flower ; 
in  only  a  comparatively  fe«  cases  la  it  quite  dry  and  powdery,  a?  in  Urticaceffi 
and  manv  Grasses,  where  it  is  projected  with  violence  from  the  anthers  or  simply 
falls  out. 

At  the  lime  when  the  pollen  grains  are  nearly  mature,  and  the  flower-bud  is 
preparing  to  open,  the  wall  of  the  pollen  sacs  undeigoes  a  further  development*. 
The  outer  h\er  of  cells  or  epidermis  ilwavs  remains  smooth-walled  (see  Fig.  383, 
P  558}  the  inner  layers  or  endothecium  are  also  smooth  if  the  inther  does  not 
dehisce  If  on  the  other  hand  it  opens  bj  recuned  vahes  (Fig  36  k)  Yi  11  f 
the  inner  hyers  of   these   valves  onl)    are  provided  with  thickemn  d    ( 

flbrous)  ,  while,  when  the  pollen  sacs  dehisce  longitudinaIl>,  the  whol      f   h  d 

thecium  contains  fibrous  ceils       There  is  usuaHj   only  one  such  1  y  mm 

several,  m  .^^01^  awfMfiwa  as  man)  as  from  eight  to  twelve     The  th    Ln        b     d 
of  the  fibrous  cells  which  project  inwards  are  usually  wanting  on  thei  II 

the  side  walls  they  are  generally  vertical  to  the  surface  of  the  pollen-s  h 

wall  they  run  transversely  and  are  united  in  a  reticulate  or  stellate  ma  S  h 

epidermal  cells  contract  more  strongly  when  the  ripe  anther-walls  d  y    p   h       h 
of  the  endothecium  which  are  provided  with  thickening -bands,  the  f 

which  has  a  tendency  to  make  the  anther-wall  concave  externally  an  1       g 
its  weakest  point.     The  modes  in  which  the  anthers  open  ai'e  very    ar  d 

always  intimately  connected  with  the  other  contrivances  which  are  h         h 

flower  for  the  purpose  of  pollination  with  or  without  the  agency  of  inse  S  m     m 

only  a  short  fissure  (pore)  is  formed  at  the  apex  of  each  anther-lobe  S 

Ericacea  (Fig.  363),  &c.,  through  which  the  pollen  of  both  the  contig  p  11 

escapes ;  but  more-  commonly  the  wall  gives  way  in  the  ftirrow  betw         1 
(the  suture)  along  its  whole  length,  the  tissue  which  separates  them  g        h 

same  time  more  or  less  destroyed,  and  thus  both  pollen-sacs  dehis  1         m 

time  by  the  longitudinal  fissure  (Fig.  382).    It  is  this  phenomenon  tha  h     g 
to  the  erroneous  description  of  these  anthers  as  being  bilocular ;  but  f      m      1 
is  to  have  a  scientific  basis,  they  must  be  termed  quadrilocular,  in  h 

'  [On  the  constitution  of  the  '  amyloid  corpuscles '  in  the  fovilla  of  pollen  see  Saccaido,  Nuovo 
Giomale  Bolanico  Italiano,  1872,  p.  241.] 

^  Compare  H.  v.  Mohl,  Veimisuhte  Sehriften,  p.  Si.-Purtyiie,  De  ccllulis  anthcrariim  fibrosis, 
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really  bilocukr  anthers  of  Asclepiade^e  and  the  ociilocular  ones  of  many  Mimosese. 
Sometimes  again  the  anther -lobes  open  at  the  apex  by  a  pore  which  results  simply 
from  the  destruction  of  a  small  portion  of  tissue  at  this  spot  (Hofmeister),  In  other 
respects  we  still  want  a  detailed  and  comparative  investigation  of  these  processes, 
which  are  very  various  and  of  great  physiological  importance;  only  the  additional 
remark  need  be  made  here,  that  it  is  very  important  from  a  systematic  point  of  view 
whether  the  anthers  open  inwards  towards  the  gynseceum  (introrse),  or  outwards 
(extrorse),  the  difference  depending  on  the  position  of  the  suture  and  hence  on  that  of 
the  pollen-sacs  on  the  inner  or  outer  side  of  the  filament. 

In  several  families  of  Monocotyledons  and  Dicotyledons  more  or  less  con- 
siderable deviations '  occur  from  the  course  of  development  of  the  pollen  and 
from  its  final  structure  which  has  been  here  described.  Naias  and  Zoskra  deviate 
only  to  this  extent,  that  no  thickening  of  the  wall  of  the  mother-cells  takes  place, 
and  that  the  pollen-cells  themselves  are  very  thin-walled,  acquiring  in  Zostera  a  very 
strange  appearance  from  assuming,  instead  of  the  ordinary  rounded  form,  that  of  long 
thin  tubes  lying  parallel  to  one  another  in  the  anther.  The  deviations  are  more 
considerable  in  the  formation  of  compound  pollen-grains.  The  origin  of  these  is 
either  that  only  the  four  daughter-cells  (pollen-cells)  of  one  mother-cell  remain 
more  or  less  closely  united,  like  the  pollen-tetrads  (four-fold  grains)  of  some 
Orchidese,  Fourcroya,  Typha,  Anona,  Rhododendron,  &c.;  or  the  whole  product  of 
one  primary  mother-cell  remains  unseparated  and  forms  a  mass  of  pollen  consisting 
of  eight,  twelve,  sixteen,  thirty-two,  or  sixty-four  connected  pollen-cells,  as  in  many 
MimoseEe  and  Acaciese'.  In  these  cases  the  cuticle  or  extine  is  more  strongly 
developed  on  the  outer  surface  of  the  daughter-cells  Ijdng  at  the  circumference  of 
the  mass,  and  covers  the  whole  as  a  continuous  skin ;  while  only  thin  ridges  of  the 
cuticle  project  from  this  skin  inwards  between  the  separate  cells.  In  the  various 
sections  of  Orchidete  every  gradation  occurs  from  the  ordinary  separate  pollen-grams 
of  Cypripedium,  through  the  four-fold  grains  of  NeoUia,  to  the  Ophrydeje,  where  all 
the  pollen-grains  which  are  formed  from  each  primary  mother-cell  remain  united, 
and  thus  a  number  of  pollen-masses  lie  in  one  pollen-sac ;  and  finally  to  the  Pollinia 
of  the  CerorchideEe,  where  all  the  pollen-grains  of  a  pollen-sac  remain  united  into 
a  cellular  mass.  In  this  case,  as  in  the  Asclepiadese  with  only  bilocular  anthers, 
where  the  grains  of  each  pollen-sac  are  firmly  united  by  a  waxy  substance,  it  is 
obvious  that  the  pollen  cannot  be  dispersed,  nor  can  the  pollen-masses  fall  out  spon- 
taneously from  the  anthers;  but  the  flower  is  provided  with  very  peculiar  con- 
trivances by  means  of  which  insects  in  search  of  honey  extract  from  the  pollen-sac 
the  pollinia  or  the  masses  of  pollen  which  are  glued  together,  and  again  get  rid  of 
them  on  to  the  stigmas  of  other  flowers  of  the  same  species  (see  Book  III  on  Sexual 
Reproduction). 

The  Female  Sexual  Organs  or  Gynmceum  ^  (Pistil)  of  the  flowers  of  Angiosperms 

'  In  reference  to  what  follows  compare  Hofmeister,  Neue  Beitrage,  pi.  II.  (Abhand  der  koiiig. 
Sachs.  Gcsellsch.  VJI)  ;  also  Rdchenbach.  De  poUinis  Orchidearum  genesi,  Leipzig  1852;  and 
Rqsanoff,  Ueber  den  Pollen  der  Mimosen  (Jaln-b,  fiir  wissensch.  Rot.  VI.  p.  441). 

'  In  many  Mimoses  the  anther  is,  according  to  Rosanoff,  octilocular,  two  pairs  of  small  loculi 
being  formed  in  each  anther-lobe;  the  pollen-cells  of  each  poJIen-sac  remain  united  into  a  mass. 

'  Compare  with  this  Payer's  view    (Organogenie  de  la  fleur,  p,  725),  which  differs  in  some 
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consist  of  one  or  more  closed  thambers  in  which  the  ovules  are  formed  ;  the  lower, 
hollow,  swollen  part  of  each  separate  seed -chamber  which  encloses  the  ovules  is 
called  the  Ovary;  the  place  or  the  mass  of  tissue  from  which  the  ovules  spring 
directly  into  the  ovarj'  is  a  Plaunta.  Above  the  ovary  the  seed-vessel  narrows 
into  one  or  more  thin  stalk  hke  structures  or  Styles,  which  bear  (he  Sligmas  ;  these 
are  glandular  swelling^s  or  expansions  of  various  forms  which  retain  the  pollen  that 
is  carried  to  them,  and  by  means  of  the  moisture  which  is  excreted  from  them  induce 
the  emission  of  the  pollen-tu!^s. 


The  GynEeceum  is  always  tlie  final  structure  of  the  flower.  When  the  floral 
axis  has  attained  a  sufficient  length,  the  gynjeceum  is  formed  at  its  apex  ;  if  the  axis 
is  flat,  disc-like,  or  expanded,  it  stands  in  the  centre  of  the  flower ;  if  it  is  hollowed 
out  or  cup-shaped,  the  gyn^eceum  is  placed  at  the  bottom  of  the  hollow,  in  the  centre 
of  which  lies  the  apical  point  of  the  floral  axis.  In  the  diagram  of  the  flower. 
Figs.  382  /,  and  384  B,  where  each  outer  circle  represents  a  lower  transverse  section, 
and  each  inner  circle  a  higher  one,  the  gynfeceom  necessarily  appears  always  as 
the  innermost  central  structure  of  the  flower,  the  longitudinal  displacements  on  the 
floral  axis  being  neglected  in  the  construction  of  the  diagram. 
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When  the  axial  part  of  the  flower,  the  Receptacle  or  Torus,  is  so  elevated  in  ihe 
centre  that  the  base  of  the  gynKceum  lies  evidently  above  the  stamens,  or  at  least  in 
the  middle  of  the  andrtecium,  the  perianth  and  the  andrcecium,  or  even  the 
whole  flower,  is  said  to  be  hypogynous  (Fig.  382).  When,  on  the  contrary,  the 
receptacle  is  hollowed  out  like  a  cup  or  saucer,  bearing  the  perianth  and  stamens  on 
its  annular  margin,  while  the  gynasceum  springs  from  the  bottom  (Fig,  384,  A\  the 
flower  is  said  to  be  perigynom.  It  is  obvious  that  intermediate  forms  are  possible 
between  extreme  cases  of  hypogynous  and  perigynous  flowers ;  and  these  are  in  fact 
m,  especially  among  Rosiflorje.     In  both  these  forms  of  flower  the  gyn^ceum 


is  free,  the  receptacle  taking  no  part  tn  the  formation  of  the  wall  of  the  ovary, 
although  this  appears  to  Le  the  ca<ie  extemaJl}  in  some  perigynous  flowers, 
as  Pyrus  and  2iosa.  The  flower  finally  is  epigynoui  when  it  possesses  an  acfuaily 
inferior  ovary.  This  latter  is  distinguished  from  the  ovary  which  is  buried  in  the 
receptacle  of  perigynous  flowers  bj  its  wall  being  formed  of  the  receptacle  itself 
hollowed  out  into  the  form  of  1  cup  or  e\  en  of  a  long  tube.  The  carpels,  which  in 
the  case  of  the  free  superior  ovary  form  Us  whole  wall,  spring  in  the  inferior  ovary 
(like  the  perianth  and  the  andrcecium)  from  the  margin  of  the  hollow  receptacle, 
and  only  dose  up  the  cavity  above,  where  they  are  prolonged  into  the  style  and 
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bear  the  stigmas  (Fig.  383).  Intermediate  forms  are  also  not  uncommon  between 
the  superior  ovary  of  liypcgynous  and  the  inferior  ovary  of  epigynous  flowers ;  the 
ovary  may,  for  example,  be  composed  in  its  lower  half  of  the  receptacle,  in  its  upper 
part  of  the  coherent  carpels;  transitional  forms  of  this  kind  are  found  especially 
among  Saxifragace<e.  When  the  gynfeceum  of  a  flower  consists  of  a  single  ovary 
only  one  fruit  is  formed,  and  the  flower  is  said  to  be  monocarpous  (Figs.  383,  384), 
in  contradistinction  to  the  polycarpous  Howers.  the  gynteceum  of  which  consists  of 
several  isolated  ovaries  from  which  the  same  or  a  smaller  number  of  fruits  are 
developed  (Fig.  382). 

It  will  be  easier  to  understand  the  difi"erent  forms  of  the  gynseceum  if  the  more 
important  ones  are  considered  separately ;  and  for  this  purpose  the  following  ciassi- 
lication  may  be  made : — 

I.  GynBeceum  Superior  ;  flower  hypogynous  or  perigynous, 

A.  Ovules  attached  to  the  carpels. 

a.  Ovary  monocarpellary ; 

(o)  flower  with  one  ovary, 

{S)  flower  with  two  or  more  ovaries. 
&.  Ovary  poly  car  pellary  ; 

(7)  ovary  unilocular, 

(5)  ovary  multilocular, 

B.  Ovules  attached  to  the  fioral  axis ; 

(f)  ovule  solitary,  terminal, 
(f)  ovules  one  or  more,  lateral. 
11.  Gynteceum  Inferior ;  flower  epigynous. 

C.  Ovules  attached  to  the  carpels; 

(t))  ovary  unilocular, 
(fl)  ovary  multilocular ; 

D.  Ovules  attached  to  the  floral  axis  ; 

(i)  ovule  solitary,  terminal, 
(k)  ovules  one  or  more,  lateral 

The  Superior  GytKEceum  is  constructed  essentially  of  peculiar  foliar  organs, 
the  carpellary  leaves  or  carpels.  These  usually  produce  the  ovules,  which  generally 
spring  from  the  margins  of  the  carpels,  as  in  Fig.  385,  but  frequently  also  from  the 
whole  inner  surface,  as  in  Fig.  357  F,  and  Fig.  383  C.  The  ovary  is  monocarpellary 
(simple)  when  it  consists  of  only  a  single  carpel,  the  margins  of  which  are  coherent, 
so  that  the  mid-rib  runs  along  its  back,  and  the  ovules,  when  they  are  marginal, 
form  a  double  row  opposite  to  it.  The  inflexed  margins  of  the  carpellary  leaf  may 
swell  up  into  thick  placenta;  (as  in  Fig.  386)  and  produce  a  larger  number  of  rows 
of  ovules.  The  number  of  ovules  is,  on  the  other  hand,  not  unfrequently  reduced 
to  two  (as  m.  AmygdalusY-  In  monocarpous  flowers  there  is  only  one  such  car- 
pellary leaf,  as  in  Figs.  384,  385  ;  in  polycarpous  flowers  there  may  be  two,  three, 

e  of  a  single  ovsile  standing  in  the  axil  of  tbe  i^arpcl  (ns  in 
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or  more,  or  even  a  very  large  number :  if  the  number  is  two,  three,  or  five,  they 
usually  stand  in  a  whorl ;  if  four,  six,  or  ten,  they  are  generally  arranged  in  two 
alternating  whorls  (see  Fig.  382,  B,  I).  When  the  number  of  monocarpellary 
ovaries  in  a  flower  is  considerable,  as  in  Ranunculacese,  Magnolia,  &c.,  the  part 
of  the  axis  which  bears  them  is  commonly  elongated  (to  a  very  considerable  ex- 
tent for  example  in  Mjosurus),  and  their  arrangement  is  then  spiral.  The  mono- 
carpellary ovary  is  originally  always  unilocular,  though  it  may  subsequently 
become  multilocular  from  the  production  of  ridges  by  the  luxuriant  growth  of 
the  inside  of  the  carpel,  which  divide  the  cavity  longitudinally  into  compartments, 
as  in  Astragalus,  or  transversely,  as  in  Cassia  fistula.  Ovaries  of  this  kind  may  be 
distinguished  as  monocarpellary  with  spurious  loculi,  but  ought  not  to  be  called 
polycarpellary, 

A  polycarpellary  (compound)  ovary  is  always  the  result  of  the  union  of  all  the 
carpels  of  a  flower,  the  number  being  usually  two,  three,  four,  or  five,  arranged 
in  one  whori,  the  floral   axis  terminating  in  the  midst  of  them.     If  the  separate 


carpels  remam  open,  and  cohere  m  such  a  manner  that  the  right  mirgin  of  one 
unites  with  the  left  margm  of  another,  the  result  is  a  unilocular  polycarpellary 
ovar\  The  placentation  is  in  this  case  parietil  when  the  coherent  margins  project 
only  shghtl)  inwards  as  in  Reseda  Viola  &c  But  if  the  coherent  margins  of  the 
carpels  project  further  inwards  the  cavit)  of  the  ovary  becomes  imperfectlj  multi 
locular,  the  chambers  being  connected  with  one  another  in  the  centre,  as  in  Papazer, 
where  the  imperfect  dissepiments  are  covered  on  both  sides  bj  a  number  of  ovules 
A  h  or  multdaculat  polycarpellary  ovir\  results  when  the  margins  of  the  carpels 
project  mwardlv  so  far  that  the}  meet  or  cohere  either  at  or  near  tffe  axis  of 
the  ovar}  the  elongaton  of  the  floral  ixis  in  the  centre  frequently  contributing 
to  this  result  The  mode  of  cohesion  of  the  carpels  in  multilocular  ovaries  may 
vary  greatl)  in  other  respects  according  aa  it  ttkes  place  along  the  whole  lengih 
of  their  inflexed  marg  ns,  or  only  below,  while  the  upper  parts  resemble 
a  whorl  of  monocarpellary  ovanes  (Figs  386-389)  bince  the  margms  of  the 
carpels  v^hich  meet  m  the  centre  become  developed  into  the  placentas  the  ovules 
mike  their  appearance  in  the  central  angles  of  the  loculi  (axile  placentation)    as 
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is  seen  in  Fig'.  388 ;  but  very  commonly  the  margins  of  tlie  carpels  which  turn 
in  as  far  as  the  centre  then  split  into  two  tamellse  which  ai-e  bent  back  and  swell 
out  into  placentse  in  the  middle  of  the  loculi,  as  is  shown  in  Fig.  387.  It  is  clear 
that  in  this  case  the  two  placentfe  within  each  locuius  correspond  to  the  margins  of 
the  same  carpel  which  forms  the  outer  wall  of  the  locuius. 


Spurious  dissepiments  may  arise  in  polycarpellary  as  in  monocarpellary  ovaries; 
if  the  polj'carpellary  ovary  consists  of  two  loculi,  it  may  thus  become  quadrilocular, 
or  five  original  loculi  may  become  divided  into  ten.  The  first  case  is  universal  in 
Labiatse  and  Boragineas,  Fig,  390  shows  that  the  ovary  is  formed  of  two  coherent 
carpels,  the  margins  of  which  {I-IV)  projecting  inwards  form  a  right  and  a  left 
placenta  (/>/) ;  on  each  of  these  placentie  which  coiTespond  to  the  margins  of  the 


carpels  a  posterior  and  an  anterior  ovule  are  produced,  but  an  outgrowth  from 
the  mid-rib  of  the  carpel  {IV,  VI,  x)  inserts  itself  between  the  two  ovules  be- 
longing to  each  locuius,  dividing  it  into  two  one-seeded  lobes.  Since  at  a  sub- 
sequent period  the  outer  part  of  the  ival!  of  each  of  the  four  lobes  bulges  strongly 
outwards  and  upwards  {B),  the  separation  of  the  bicarpellary  ovary  into  four 
separate  parts  becomes  still  more  distinct;  and  finally  they  completely  separate  as 
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one-seeded  lobes  of  the  fruil;  while  in  Boragine»  the  separation  is  still  more 
compiete.  The  division  of  the  five  locuU  of  the  ovary  of  Linum  into  ten  by  spurious 
dissepiments  is  not  so  perfect,  the  projections  from  the  centres  of  the  carpels  not 
reaching:  the  central  axis  of  the  ovary. 


Before  passing  to  the  consideration  of  ovaries  in  which  the  ovules  are  borne  by 
the  floral  axis  (/*.  e.  with  axial  placentation),  it  should  be  mentioned  that  there  are 
cases  in  which  the  present  state  of  our  knowledge  does  noC  enable  us  to  decide  wiih 


certainty  whether  the  ovules  anse  from  the  axii  or  from  the  margins  of  the  cupels 
which  have  become  unittd  to  it  and  these  doubtfui  cases  are  possibly  more 
numerous  than  is  generally  thought  Pajers  obsenations  on  Ceraslium  and  Mala- 
ckium  shon   that  in  CdTvoph3!leEe  ihe  expindel  ipe\  of  the  floral  axis  becomes 
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consifJeraWy  elevated  even  before  ihe  formation  of  tlic  carpels;  the  carpels  are  then 
seen  in  a  whorl,  and  are  attached  by  means  of  their  coherent  margins  to  the  elevated 
axis ;  each  forms  what  may  be  described  as  a  pocket  attached  to  the  axis.  As  the 
axis  becomes  elongated,  the  margins  of  the  carpels  form  radial  dissepiments  sepa- 
raling  the  pockets,  which  widen  into  loculi ;  and  the  carpels  finally  rise  above  the 
apex  of  the  axis.  In  Ceraslium  and  other  genera  the  dissepiments  also  rise  above 
it  as  free  lamella  which  do  not  meet  in  the  centre,  so  that  the  ovary  is  quinque- 
locular  below,  while  in  the  upper  part  it  remains  unilocular.  The  ovules  axe 
produced  in  two  parallel  rows  on  the  axial  face  of  each  loculus,  this  face  being 
apparently  formed  from  the  axis  itself.  Tn  some  genera  of  Caryophyllea  it  seems 
probable  that  the  placenite  are  axial,  while  in  others  they  would  appear  rather  Co  be 
carpel!  ary. 


Among  Superior  Ovaries  with  axial  Placenlalion,  those  of  Typha,  Naias,  and 
Piperaceje'  require  especial  mention.  In  these  cases  the  very  simple  female  flower 
consists  (with  the  exception  of  the  perianth  of  Typha,  which  is  represented  by  hairs)  of 
nothing  but  a  small  lateral  shoot  transformed  into  an  ovary  with  a  central  ovule'. 
The  apex  of  the  axis  of  this  shoot  itself  developes  into  the  terminal  nucellus  of  the 
ovule,  round  which  an  annular  zone  grows  up  from  below,  overarches  it,  closes  up 
above,  and  thus  forms  (he  wall  of  the  ovary.     In  Typha  only  one  style  and  stigma 

'  Magnus,  Zur  Morphologic  der  Gattung  iVnins  (Bot,  Zeit.  18(19,  P-  773).— Rohrbach,  Ueber 
Typha  (in  Silzungsber.  der  Gesells.  naturf.  Freunde  Berlin,  Nov.  16,  1 869).  —  Hanstein  u.  Schmitz, 
Ueber  Entwickelung  der  riperaceenbliithen  (Bot.  Zeit.  1870,  p.  38). 

'  As  in  the  case  of  the  'axial  anthers,'  so  here  also  some  uncertainty  still  exists.  In  a  letter 
to  me  Schenk  distinctly  denies  the  axial  nature  of  the  ovule  in  Typha ;  he  states  that  it  is  lateral, 
that  it  appeats  as  a  small  protuberance  on  the  wall  of  the  ovary,  a  po.-ilion  which  it  retains  imtil 
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surmount  the  ovary,  which  may  therefore  be  consideied  to  be  composed  of  a  single 
carpel  which  rises  up  from  the  floral  axis  as  an  annular  zone.  In  Piperacefe 
however  the  stigma,  which  is  sessile  on  the  ape\  of  the  ovary,  is  often  placed 
obliquely,  or  divided  into  several  lobes  and  this,  like  the  two  or  four  styles 
which  surmount  the  ovary  oi  Naias^,  indicates  thit  the  oviry  11  not  composed  of 
one  but  of  several  carpels,  which  first  make  their  appeirance,  like  the  !eaf-sheaths 
of  EquiHium,  as  an  unbroken  ring,  which  only  at  a  later  period  becomes  resolved 
at  its  upper  margin  into  teeth.  This  hypothesis  appears  the  more  admissible 
since,  in  other  Angiosperms  where  a  comparison-  with  nearly  allied  forms  justifies 


us  in  inferring  a  number  of  coherent  carpels,  these  carpels  originate  as  an  un- 
divided annular  zone  which  developes  into  the  ovary,  style,  and  stigma ;  as,  for 
instance,  in  Primulacese  (Fig.  392)  {free  central  placentation).  In  Polygonacete,  on 
the  other  hand,  where  the  ovary  also  forms  eventually  a  closed  cavity  containing  the 
central  ovule  (Fig.  391),  the  cohesion  of  two  or  three  carpels  to  form  the  ovary  may 
not  only  be  recognised  from  the  corresponding  number  of  the  styles  and  stigmas  ; 
but  separate  carpels  appear  at  first  distinct  on  the  floral  axis,  and  only  amalgamate 
in  the  course  of  their  growth,  their  zone  of  insertion  becoming  elevated  as  a  ring. 
Since  the  wall  of  the  ovary  does  not  in  any  of  these    cases   form    placentae  from 

'  I  am  unable  lo  undcratand  why  Magnus  calls  Ihe  iiall  of  the  ovary  '  perianth.' 
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the  number  and  position  of  which  the  number  and  position  of  the  carpels  might 
otherwise  be  more  easily  determined,  we  are  thrown  back  on  the  direct  observation 
of  the  first  stages  of  development  and  on  the  numbers  of  the  styles  and  stigmas. 
Failing  this,  the  solution  of  the  question  depends  on  morphological  relationships 
which  are  still  by  no  means  made  out  with  sufficient  certainty,  notwithstanding  the 
numerous  researches  which  have  been  made  on  the  development  of  the  flower. 

Besides  the  number  of  the  carpels  which  have  coalesced  to  form  the  ovary,  it 
is  a  question  of  interest  whether  in  any  particular  case  the  ovules  have  been  pro- 
duced laterally  on  the  floral  axis  or  as  its  terminal  structure.  In  the  cases  of 
Piperacese,  Polygonaceje,  Naias,  Typha,  &c,,  where  only  a  single  ovule  springs  from 
the  base  of  the  ovary,  it  is  evident  that  this  must  be  the  terminal  structure  of 
the  flora!  axis ;  and  the  investigations  of  Hansiein  and  Schmilz,  Magnus,  Rohrbach, 
and  Payer,  have  proved  in  addition  that  not  only  the  ovule  as  a  whole,  but  the 
nucellus  itself,  must  be  considered  as  a  terminal  structure'.  It  must  not,  however, 
be  inferred  from  this  that  every  ovule  which  springs  from  the  base  of  the  cavity  of 
the  orary  necessarily  forms  the  apex  of  the  floral  axis ;  for  it  is  conceivable  that  the 
axis  itself  may  have  ceased  to  grow,  but  has  produced  an  ovule  at  the  side  of  its 
apex,  a  case  which  we  shall  meet       hfuh       nnh       f  fCpoae 

In  a  few  cases  the  floral  axis  rise    f  Inlp  )fharjd 

produces  ovules  laterally,  as  occu  n  F  mul  «  (F  g  39  )  nd  Amar  ha  ae 
(in  Cdosia,  according  to  Payer). 

The  Inferior  Ovary  of  epigyn  uflw  ulfnh         ad  o         n 

plete  suppression  of  the  apical  g        h    f   h    )    un    il      I  p     ph      1        ue 

rising  as  an  annular  zone,  and  prlgnf  hp  hnn 

and  carpels  (Figs.  393,  394).      Th     h  11  h    h         hu     f    m  d     nd 

which  is  at  first  open  above,  is  afterwaids  co\eri.d  oier  bj  the  carpelUrj  walls 
which  close  in  above  it ;  the  apex  of  the  floral  axis  lies  at  the  bottom  of  the  elongated 
cup-shaped  or  tubular  cavity.  Notwithstanding  this  striking  displacement  of  the 
axial  parts,  the  structure  of  the  inferior  ovary  resembles  that  of  the  free  poly  carpel  I  a  ry 
ovary  in  almost  all  respects ;  it  may  also  be  either  unilocular  or  multilocular — if 
unilocular,  the  placentation  may  be  basilar,  lateral,  or  parietal.  When  the  placentation 
is  basilar  the  ovule  sometimes  appears  as  if  it  were  the  terminil  structure  of  the 

pfl  f  1  IfTII^ICpte 

hhhdlf  fhl  pol  1 

hi         Ihp        fhfllaxmjfblljmd  mil 

1  bdlf         1  d         brml  dgfhllp 

m  Ifbgh  I5/hpfh  hh 

1       1         f  y  h        t  )     f     h      P   m  1      ae(Fg  39  }       d 


[S«.»/™,p,s,4.] 

'  Cramer,  Bildungsabweichungen  und  morphologische  15edeutiin|;  des  PflariJ^n-Eies  (Ziirich.  1864). 
— Kohne,  Die  Bliilhenentwicltelung  der  Compositen,  Berlin  iSeg.^Buclienaii,  Bot.  Zdt.  183a, 
No.  18  SI  seq. 
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into  the  inten  r  mn  be  regaried  as  the  p  olong  o  s  F  the  margins  of  (he  carpels 
downwards,  on  the  ins  de  of  the  ovirj  A  s  m  I  r  expla  ation  may  be  given  of  the 
longitudinal  dissepiments  of  the  muhilocilar  nfer  or  o  ary;  the  same  differences 
occur  m  them  as  those  which  have  alre-idy  1  een  de  cribed  in  the  case  of  the 
superior  ovir)  for  thej  m-iy  either  meet  n  le  m  dJle  and  bear  the  ovules  in 
the  atile  angles  of  the  locuh  (Fig  35b},  or  hej  mav  spUt  into  two  lamellfe,  bend 
back  and  bear  the  ovulesi  in  the  middle  of  the  ca  j  of  the  loculus  {as  in  Cucur- 
bitacet)  Usual!}  two  three  or  more  carpels  hire  n  the  formation  of  the  upper 
part  of  the  infer  or  ovary  their  elongated  margins  being  prolonged  inwards  and 
developing  downwards  into  the  panetal  placentae  or  the  dissepiments  of  the  multi- 
locular  ovar*       In  such  liscs  the  mferir r  ovary  must  be  termed  polycarpellary,  like 


the  superior  ovary  of  similar  structure.  Examples  of  a  monocarpellarj'  inferior  ovary 
appear  to  be  very  rare ;  Hippuris  (Fig.  360)  affords  one ;  its  inferior  ovary  consists 
of  a  single  carpel,  and  contains  a  solitary  anatropous  pendulous  ovule^ 

The  Style  is  a  prolongation  of  the  carpel  above  the  ovary ;  in  monocarpellary 
ovaries  there  is  therefore  only  one  style  {Figs.  383,  384),  which  may  however  be 
branched ;  when  the  ovary  is  polycarpellary,  the  style  consists  of  as  many  parts  as 
there  are  carpellary  leaves ;  these  parts  may  be  free  for  the  whole  distance  above 
the  ovary  {Fig,  386),  or  coherent  for  a  certain  distance  above  it,  separating  only  at 
a  greater  height;  or,  finally,  they  may  cohere  for  their  whole  length  (Figs.  388  G, 
390).  Although  the  style  arises  from  the  apes  of  the  young  carpel,  it  may  subse- 
quently stand  on  the  axile  side  of  the  monocarpellary  ovary,  the  carpel  becoming 
considerably  bulged  outwards  by  the  more  rapid  growth  of  the -dorsal  side  of  the 
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ovary  (as  in  Fragaria  and  Akhemilla).  If  this  occurs  wilh  each  of  the  carpels  of  a 
polycarpellary  ovary,  the  ovary  itself  appears  to  be  depressed  in  the  middle,  and  the 
style  rises  from  the  depression  (Figs.  387,  388).  In  Labiatse  and  Boraginese  this 
peculiarity  is  especially  conspicuous,  the  four  lobes  of  the  bilocular  ovary  forming 
strong  protuberances  (Fig.  390,  A,  B),  so  that  the  style  finally  appears  fo  spring 
from  between  four  parts  of  the  ovaiy  which  seem  to  have  scarcely  any  connection 
with  one  another,  and  is  hence  termed  a  gynobasic  style, 

The  style  may  be  hollow,  that  is,  it  may  be  penetrated  by  a  channel  consisting 
of  a  narrow  elongation  of  the  cavity  of  the  ovary,  as  in  Butomus  (Fig,  382,  B,  F), 
where  it  opens  on  the  hairy  surface  of  the  stigma;  or  in  Viola  (Fig.  395),  where 
the  channel  is  broad,  and  opens  above  into  (he  spherical  cavity  of  the  stigma ; 
or  in  Agave  and  Fourcroya,  where  the  stjie  is  hollow  throughout  its  whole  length 
and  open  to  the  stigma,  the  simple  channel  dividing 
below  into  three  tubes  which  run  into  the  loculi  of 
the  ovary,  a  phenomenon  which  occurs  also  in  other 
Liliacese '.  In  other  cases  it  is  at  first  hollow,  as  in 
Anagallis  (Fig.  392,  E),  but  becomes  afterwards  filled 
up  by  the  growth  of  the  tissue.  There  is  usually  no 
channel  to  be  detected  in  the  style  when  the  pistil  is 
ready  for  fertilisation,  or  at  least  not  in  its  upper  part ; 
in  the  place  of  this  its  centre  is  occupied  by  a  mass 
of  loose  tissue,  the  '  conducting  tissue,'  through  which 
the  pollen-tubes  grow  till  they  reach  the  cavity  of  the 
ovary.  The  external  form  of  the  style  is  usually 
cylindrical,  filiform,  or  columnar,  sometimes  prismatic 
or  ri bbon -shape d ;  in  the  Irideae  it  generally  attains 
a  considerable  size ;  in  Crocus  it  is  very  long,  tripartite 
at>ove,  each  division  being  deeply  hollowed  out  like 
^^FiG. B^-i^|ji^ud™aiM£ti™tiirousii  a  cup;  while  the  genus  Iris  is  distinguished  by  its 
jii««^™,o.u:B.^^ch„n<dofa.c«ijfc,  three  free  broad  petaloid  coloured  styles.  Sometimes 
m '  oilliSd  "^T  °'*°™'"'™"°"  '^^  portion  of  the  style  which  belongs  to  each  carpel 
i""'^-'"''"-  branches,  as  in  Euphorbiacese,  where  a  tripartite  style, 

each  arm  of  which  bifurcates,  corresponds  to  the  three 
carpels.  The  style  frequently  remains  very  short,  and  then  has  the  appearance  of 
being  a  mere  constriction  between  the  ovary  and  stigma,  as  in  Vitis. 

The  Stigma'^,  in  the  narrower  sense  of  the  term,  is  the  part  of  the  style  which 
is  destined  for  the  reception  of  the  pollen.  When  pollination  takes  place  it  is 
covered  with  a  viscid  secretion,  and  usually  with  delicate  hairs  or  short  papilla, 
constituting  a  glandular  structure  which  is  sometimes  merely  a  peculiarly  developed 
portion  of  the  surface  of  the  style,  sometimes  a  special  organ  of  very  variable  ap- 
pearance attached  to  it.  The  form  of  the  stigma  always  has  an  intimate  connection 
with  the  mode  of  conveyance  of  the  pollen  by  insects  or  otherwise,  and  can  be 
understood  and  explained  only  when  these  facts  are  taken  into  consideration.    A  few 
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specially  interesting  ca^es  u  U  be  descrihtd  in  Book  III  it  is  sufficient  now  to 
mention  thU  the  surface  of  the  stigma  frrms  the  e'iit  of  the  open  channel  of  tl  e 
stjle  when  there  is  one  if  this  channel  is  closed  or  entireh  absent  the  stigma 
his  the  aj  pearai  ce  of  a  superfic  al  glandular  structure  upon  or  beneath  the  apes 
of  the  style  or  of  its  irms  If  these  arms  are  long  and  sleider  ind  covered  with 
long  hiirs  the  stgma  his  the  form  of  a  pencil  or  tuft  of  hairs  or  ftathers  as  in 
Grasses  in  ^olanice'e  and  Cruciferfe  the  moist  surface  of  the  stgma  covers  a 
knob  like  indenttd  thickening,  at  the  enl  of  the  stjle  in  Pipaier  it  forms  a  many- 
rajed  star  on  the  lobed  stjle  Sometimes  the  sUgmitic  portion  of  the  st)le  is 
greitU  swollen  as  in  the  Asclepiade-e  where  the  two  monocarpellarj  ani  d  stmct 
ovaries  coheie  b>  the  stigmas  the  true  stigmatic  surface  into  wh  ch  the  pollen  tubes 
penetrate  lies  m  this  case  concealel  on  the  under  side  of  the  stgma' 

The  Nectaries "  Wherever  pollination  is,  effected  hv  insetts  glandular  organs 
are  found  m  tie  flowers  whch  secrete  odor  ferous  and  sapid  (generilly  sweet) 
juices  or  Lontun  them  within  their  del  cite  cellular  tssue  from  which  thej  are 
easily  sucked  out  These  juices  are  included  under  tie  term  Aeclat  the  organs 
■which  produce  them  being  the  Nectanci  The  f>os  tion  form  ani  morpholoan,al 
significance  of  the  nectaries  ire  very  various  ani  alwa)^  stand  m  immediate 
relation  to  the  special  contnvinces  for  ihe  pollination  of  tie  tlower  bj  meins  of 
insects  The  nectiries  are  often  n^thng  but  glandulir  ptrti  ns  of  t  s  ue  n  the 
foliar  or  a\ial  parts  of  the  fio  ver  very  often  they  project  n  ll  e  form  of  cushions 
of  more  delicate  tissue  or  take  the  form  :if  staike  i  or  sess  le  protuberan  e  or 
w  hole  foliar  structures  of  the  penantl  of  the  andrcecium  or  ev  en  of  the  gyn's  e  im 
are  tnnsformed  into  peculiar  structures  for  the  secreticn  and  accumulation  of 
the  nectar  Since  it  is  qu  te  imj  oss  ble  to  treat  these  organs  morphologic  ilh  in 
general  terms  a  fe  v  examples  maj  serve  to  show  tie  student  wlere  he  w  II 
hive  to  look  for  the  nectaries  m  different  flowers  In  Fri/i/litia  impiriab  the 
Hectares  are  shillov  excavations  on  the  inner  side  of  the  peiianth  leaves  near  their 
ba'ie  hrge  clear  drops  of  nectar  exuding  from  them  in  Elajgnus  fuscx  a  glin 
dular  annular  cushion  on  the  gamophvllous  perianth  (Fig  384  <^  in  Rheum  sight 
glandular  protuberances  at  the  base  of  the  stamens  (Fig  391  dr)  m  \ic  Itim 
in  annular  callosit}  at  tl  e  bise  of  the  supen  >r  ovar)  in  the  UmbeUiferEe  a  fleshy 
cush  on  surrounding  the  bases  of  the  styles  unite  1  above  the  mferior  ovar)  (Fig 
383  hh  p  559)  in  Compositse  thej  are  also  at  the  base  of  the  stjle  (Fig  393) 
In  Ctlrus  Cobiit  snnd^ns  Labiat'E  and  Ericacefe  the  nectarj  appears  as  a  develop 
ment  of  the  flo  al  axis  or  receptacle  m  tie  form  of  an  am  ular  zone  beneath  the 
ovary  (Figs  387  /  390  4  /)  ic  m  Cruciferse  and  Fag  p} turn  in  the  form  of 
four  or  six  roundish  or  club-shaped  outgrowths  or  warts  between  the  filaments,  &c. 
An  abortive  stamen  is  converted  into  a  nectary  in  the  Gesneraeese ;  in  Cucumis  Melo 
(the  Melon)  the  whole  andrtecium  is  replaced  in  the  female  and  the  gynaeceum  in 
the  male  flowers  by  a  similar  organ.  As  a  rule  the  nectaries  occur  deep  down 
among  the  other  parts  of  the  flower  ;   and  when  they  secrete  nectar,  it  collects  at  the 

'  On  tlie  position  of  tlie  lobes  of  tlie  stigma  in  relation  to  the  placentiK  in  different  plants,  see 
Robert  Brown,  Misc.  Bot,  Works,  Ray  Soc.  1867,  vol.  I.  pp.  553-5153- 

"  [Behrens,  Die  Nectarieii  der  Bluthen,  Flota,  1879. — Bonnier,  Les  nectaires,  Ann.  (1.  sci.  nat. 
s^r.  6.  t.  VII.] 
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bottom  of  ihe  flowers,  as  in  Nkoliana  and  Labiate.  Freciuenlly,  however,  special 
hollow  receptacles  are  constructed  for  this  purpose,  as  is  especially  the  case  with  the 
bag-like  appendagpes  of  the  perianth -leaves  {Fig.  396),  usually  called  Spurs.  In 
Viola  only  one  of  the  perianth-leaves  forms  a  hollow  spur,  into  which  the  ap- 
pendages of  two  stamens  are  prolonged  and  secrete  the  nectar.  The  cup-shaped 
stalked  petals  of  Hdkborus  and  the  slipper- shaped  petals  of  Nigella  secrete  at  the 
bottom  of  their  cavity  the  nectar  which  gathers  there. 

The  Ovule  (macrosporangium)  of  Angiosperms  usually  consists  of  a  clearly 
developed,  sometimes  even  very  long  stalk  or  Funiculus  (as  in  Opunlia  and  Plum- 
bagines)— which,  however,  is  sometimes  entirely  wanting,  as  in  Grasses — and  one 
or  two  integuments  which  enclose  the  nucellus.  [The  general  rule  is  that  the 
ovules  of  the  gamopelalous  Dicotyledons  have  one  integument,  and  ihat  the  ovules 
of  the  apelalous  and  polypetalous  Dicotyledons  as  also  those  of  the  Monocotyledons 
have  two  integuments.  Exceptions  occur,  however :  thus,  among  gamopetalous 
Dicotyledons  the  PrimulaceK,  Myrsinese,  Plumbaginacete,  and  Cucurbilacea  have 
two  integuments ;  and  among  apetalous  and  polypetalous  Dicotyledons  the  following 


have  only  one  integument,  the  Loases,  Pittosporea:,  Umbellifer^,  Callitriche. 
Empetrum,  Hippuris,  and  Escallonia  (Warming).]  A  third  envelope,  the  Aril,  is 
frequently  formed  subsequently  {as  in  Myrisiiea,  Euonymus,  Asphodelus  lutea,  Alui 
subtubermlata.  Sec.  When  the  ovule  is  the  terminal  structure  of  the  floral  axis, 
and  has  a  short  funiculus,  it  is  orthotropous,  as  in  PiperaccEe  and  Polygonaceje ; 
the  campyloiropous  form,  i.e.  where  the  nucellus  together  with  its  integuments 
is  itself  curved,  is  comparatively  rare,  but  occurs  in  Grasses,  Fluviales,  Caryo- 
phyllese,  &c.  The  usual  form  of  the  ovule  of  Angiosperms  is  the  anatropous  ; 
the  nucellus  together  with  its  integuments  is  inverted,  so  that  the  micropyle  faces 
the  point  of  origin  of  the  funiculus  frnm  the  placenta  (hilum)  (Figs  382,  £,  38^) , 
in  this  case  the  funiculus  runs  up  the  side  of  the  ovule,  coalesces  with  it,  and  is 
termed  the  Raphe.  The  micropyle  is  frequentlv,  especiall)  in  Monotottledons 
formed  by  the  inner  integument  onl)  of  the  nucellus,  but  sometime';  especially 
among  Dicotyledons,  the  outer  integument  grows  also  abo\e  the  opening  of  the 
inner  one,  and  the  channel  of  the  micropjle  is  then  formed  at  its  outer  part  (the 
Exostome)  by  the  outer,  at  its  inner  part  (the  Endoilome)  hj  the  inner  integument. 
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When  there  are  two  or  three  iitegument'*  the  innermost  {^^Ptimne  of  Mirbcl} 
is  generally  formel  hrst  then  the  outer  one  (the  S  unditu)  and  finallj  usually  at 
a  much  later  perod  the  Aril  the  order  of  deielopmen  is  iherefore  basipetal  in 
reference  to  the  axi-,  of  de  oiule  The  trins\er  e  zone  from  which  the  wngle 
or  the  two  true  mtegunents  spr  ng  is  termed  (he  Chalaza  (more  correct!)  the  base 
of  the  ovule). 

The  integuments  are  usually  only  a  few  lajers  of  cells    n  ihicknes    and  have 
(he  appearance,  esj  eciallv  «hen  tl  ei  enclose  a  large  nucellus   of  thin  nemlranei 


(Fig-  382,  E).  But  when  only  one  integument  is  developed,  the  nucellus  usually 
remains  very  small,  while  the  integument  becomes  thick  and  solid,  extending  far 
beyond  the  nucellus,  and  forming,  before  fertilisation,  the  principal  mass  of  the  ovule, 
as  in  Hippuris  (Fig.  360),  Umbel li fe r^  ^ Fig.  383),  and  Composite  (Fig.  393). 

There  is  stil!  much  doubt  about  the  history  of  development  of  the  separate 
parts  of  the  ovule ' ;  the  following  may  be  stated  as  certain  or  at  least  probable. 
In  the  formation  of  the  erect  orthotropous  ovule  the  apex  of  the  floral  axis  rises 
within  the  ovary  as  a  roundish  or  conical  ovoid  protuberance  which  forms  the 


il  of  Ihe  developmeni  of  Ih 
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nucellus;  an  annular  wall  grows  up  first,  and  finally  envelopes  the  nucelluB  and 
extends  beyond  it  as  an  integument.  If  a  second  outer  integument  is  formed  in 
addition,  this  arises  in  a  similar  manner,  and  grows  up  around  llie  first  (as  in 
Piperaceffi,  Polygonacese,  &c.).  The  anatropous  ovule  may  be  at  first  a  straight  or 
slightly  curved  projection  of  tissue  (as  in  Fig.  397,  /),  but  it  immediateiy  becomes 
evidently  curved  at  the  spot  where  the  first  or  the  single  integument  springs  from  it 
(Fig.  39 J,  //,  ///,  /V);  the  apical  part  enclosed  by  the  integument  then  forms  the 
nucellus,  while  the  subjacent  basal  part  becomes  the  funiculus.  As  the  integuments 
arise,  the  curvature  becomes  gradually  stronger,  and  the  nucellus  becomes  inverled 
even  before  the  outer  integument  has  entirely  developed.  This  latter  is  therefore 
not  formed  on  the  side  next  to  the  raphe,  but  clothes  all  the  free  part  of  the 
ovule,  right  and  left  of  the  raphe  (Fig.  39J,  V,  VT,  VII).  Cramer  was  the  first  to 
point  out  that  anatropous  ovules  may  originate  in  another  way  (and  this  is  probably 


the  most  common  ca';e)  the  o\ule  developmg  as  a  secondary  lateral  projection 
beneath  the  apex  of  the  young  conical  funiculus  and  curbing  backwards  subse 
quently  towards  the  base  of  the  latter  This  inversion  takes  place  while  the  single 
or  the  inner  integument  is  enveloping  the  nucellus  from  the  summit  of  the  funi 
cuius  the  second  integument  if  there  be  one  then  similarly  clothes  the  free  part 
(see  Fig  398  B  C)  Kohne  ha-s  indeed  thrown  some  doubt  on  the  actual  lateral 
origin  of  the  nucellus  not  only  in  Compositje  but  al  o  in  Solatium  Heihra  Fuchsia 
Btgonia  &.C  I  have  howevei  had  the  opportumtj  of  observing  a  number  of 
different  stages  of  development  in  this  respect  and  not  only  of  convincmg  mjself 
that  the  funiculus  arises  laterallj  with  respect  cl  the  apex  of  the  floral  axis  but  also 
that  the  nucellus  when  first  visible  stands  laterally  also  below  the  apex  of  the  funi 
cuius      II  IS  possible  that  the  observation  of  peculiirly  favourable  cases  will  remove 


•  Kohne,  Ueber  die  Bliithenentwickelung  bci  den  Compositen.  Berlin  186G.  [Kiilme'a  view  is 
sopported  by  Ilaenlein's  observations  (Beit.  z.  Entwiqtelongsgesehichle  der  Composiletibluthe, 
Scheiik's  Mitlheilungen,  II,  i8;5),] 
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own    observations   on    Chenopodiacese    and    Polygonaces,    but    they    also 

the    assumption   ihat    the    ovules   previously  tlescribed  by  Payer    as   terminal    are 

really  so.     Since,  however,  it  is  not  my  object  here  to  enter  into  a  detailed  proof 

of  theoretical  matters,  it  will  be  sufficient  for  the  present  to  summarise  the  various 

phenomena. 

With  respect  to  position,  the  following  classes  may  first  of  all  be  distinguisbeth— 
A.  Ovules  produced  on  the  Carpels  and  springing  from  the  carpellary  leaves  ; 
and  either 

1.  Marginal,  from  the  reflexed  margins  of  the  carpels  (Figs.  385,  386, 

387,  390);  or, 

2.  Superficial,  from  the  whole  of  the  inner  surface  of  the  reflexed  halves 

of  carpellary  leaves,  always  apparently  with  the  exception  of  the 
mid-rib  of  the  carpellary  leaf  (Fig.  357,  382). 

3.  Axillary  or  basai,  arising  from  the  base  of  the  upper  surface  of  the 

carpel  or  in  the  axil  of  the  carpel  {Ranunculus,  Sedum,  ZanuheUia 
according  to  Warming'). 


'  See  Warming,  Rech.  sur  la.  ramification  des  Phanerogames,  Kopenhagen  I'J!,  p  22.  Tab.  XI. 
fig.  i-io.  Axillary  ovules  are  no  more  to  be  regarded  as  buds  (eaiilcmea)  than  are  the  axillary 
sporangia  of  Lycopodium. 

[The  question  of  t5ie  morphologiLal  s'gn  ficair.e  of  the  placenta  and  of  the  ovule  is  one  which 
h-u.  l>een  much  discussed  of  late  V.  ith  regard  to  the  placenta,  Si-hleiden  starting  with  Ihe  eoncep 
tion  of  the  OTule  as  being  a  bud  coisideed  the  platenla  to  be  necessarily  an  amal  structure 
inasmuch  as  only  axial  struLtures  normally  bear  buds  (Piincip  es  of  Scienlihc  Boliny  1849 
pp  182  ff)  a  view  which  was  adopted  and  developed  more  especially  bv  trench  botanuls  (see 
PaiCr  Organogenie)  According  to  i  seiond  Mew  the  placenta  is  a  portion  of  Ihe  carpel  itself, 
usually  of  Its  margin  that  ii  that  it  is  always  borne  by  a  leaf  This  Mew  has  been  renved  of  late 
years  by  Van  Tieghem  (Rech.  snr  la  simcture  du  pislil,  1871),  by  Celako^sky  (Deb,  Placemen  und 
Hemmungsbildungen  der  Catpelle,  Sitzber.  der  k.  bohm.  Ges.,  Prag,  1875  ;  Vergl.  Darstellung  der 
Placenlen,  ibid.  1876),  by  Braun  (Bemerk.  neb.  Placentenbildung,  Sitiber,  d  hot.  Ver.  d.  proy.  Brand. 
1874),  and  Eichler  (Bluthendiagramme.  II.  1878)  has  now  accepted  it.  In  spile  of  all  that  has  been 
written  in  support  of  these  two  theories,  it  cannot  be  admitted  that  either  of  them  satisfactorily 
explains  every  possible  case :  if  the  former  must  evidently  be  forced  when  it  is  applied  to  a  case  of 
parietal  placentalion,  this  is  equally  the  case  with  the  latler  when  it  is  applied  lo  free-central  placen- 
tation,  as  in  the  Primulaceie.  Both  these  attempts  at  generalisation  seem  to  be  too  arbitraiy.  In 
consequence  a  third  view  has  been  promulgated,  more  especially  by  Huisgen  (Untersuch.  ueb.  die 
Entwickelung  der  Placemen,  Bonn  1873)  and  formerly  held  by  Eichler  (Bluthendia gramme,  1. 1875), 
that  the  nature  of  the  placenta  is  not  the  same  in  all  ca=es.  In  the  Primulaceie,  for  instance,  it 
belongs  to  the  floral  axis,  and,  according  to  Huisgen,  this  is  alio  the  case  in  certain  instances  of 
axile  placentation,  as  in  the  Solanacese,  Lobeliacese,  Ericacete,  Malvacere.  and  Hypericaceie,  the 
placenta  in  these  orders  l>eing  a  prolongation  of  the  stem  ;  it  also  belongs  to  the  axis  in  such  forms 
as  the  Piperaceie,  in  so  far  as  any  placenta  Can  be  Said  to  exist  in  them  at  all ;  in  the  Violace:e  and 
Leguminosje  and  in  Monocotyledons  the  placenta  is  a  development  of  the  carpels :  finally,  in  Cruci- 
ferse  and  Resedacese,  and,  according  to  Barcianu,  in  the  Onagraceie  (Ueb.  die  Bliithenhildung  der 
Onagraceen,  Schenk's  Mittheilungen,  II.  1875),  the  placenta  is  an  independent  organ,  probably  a 
phyllome,  a  view  which  was  held  by  Treviranus  (Fhysiologie,  II.  1838). 

Now  with  regard  to  the  ovule.  Schleiden,  Braun,  and  most  of  the  older  botanists  regarded 
the  ovule  as  being  a  bud,  but  many  regarded  it  as  a  leaf  or  part  of  a  leaf  (for  the  early  history  of  the 
subject  see  Braun,  Polyembryonie  und  Keimang  von  Calebogyne,  i86o>.  a  view  which,  as  staled 
above  in  the  text,  has  been  more  recently  revived  by  Cramer ;  this  view  has  been  further  developed 
by  Celaltovsky  (Ueb.  die  morphol.  Bedentung  der  Samenknospen,  Flora,  1874;  Zur  Discussion 
ueber  das  Eidien,  Bol.  Zeitg.  18J5,  and  Vergriinungsgeschichte  der  Eichen  von  AUiaria  r/gtcinaUs, 
Ibid.  1875,  nnd  von  Trifoliiaa  repeiis,  ibid.  1877),  and  so  far  modified  that,  according  to  him,  the 
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B.  OvulCT  produced  on  the  Axis  and  springing  from  (he  prolongation  of  the 
floral  axis  within  the  ovary,  the  carpels  theijiselves  being  sterile;  these  may 
be  either— 

4,  Lateral,  when  they  stand  beside  or  below  the  apes  of  the  floral  axis, 
which  either  rises  as  a  columella  and  bears  a  number  of  ovules  (as 
in  Fig.  392),  or  is  arrested  in  its  development,  so  that  the  single 
ovule  formed  appears  terminal  (as  in  Fig.  393);  or, 
g.   Terminal,  when  the  apex  of  the  floral  axis  ilself  becomes  the  nucellus 
(as  in  Fig.  391,  and  m  Pipericeie    V«<h   T\pka  &,c) 
To  which  of  these  classes  the  ovules  belong  m  an;  gnen  plant  must  be  decided 
in  each  separate  case ;  the  position  on  the  margin  of  the  carpels  is  b>  fir  the  most 
common  among  Angiosperms,  both  the  snperGcial  and  the  axial  position  belonging 
only  to  single  families  or  genera.     If  these  ficts  are  compared  with  what  occurs  in 
Gymnosperms,  (he  ovules  of  Cycadese  must  be  classed  with  the  marginal  carpellary, 
those  of  many  Cupressinese  with  the  superficial  descnption     while  those  of  Taxus 
are  axial  and  terminal,  and  those  of  Salisluna  lateral 

When  the  position  of  the  ovules  is  given  so  also  is  some  information  as  to  their 
morphological  significance:  the  terminal  o^les  may  be  regirded  as  the  terminal 
portion  of  the  axis,  the  lateral  as  equivalents  of  whole  lea%es  the  marginal  as  branches 
of  leaves  (lacinife,  pinnte,  or  lobes);  the  superficial  ovules  may  be  included  in  the 
category  of  such  foliar  outgrowths  as  we  have  already  found  to  occur  in  the  form  of 

ovule  is  a  metamorphosed  segment  of  a  cavpellary  leaf,  a  definition  which  Eichler  has  now  accepted 
(Bluthendiagramme,  II).  A  third  view,  the  one  stated  in  the  lext,  is  now  held  by  many,  thai,  as  m 
the  case  of  the  placenta,  the  morphological  value  or  ■  dignity '  of  the  ovule  is  not  always  Ihe  same. 

Of  these  views,  the  one  which  appears  to  be  the  most  true  to  nature  is  the  oiie  which  allows 
the  greatest  latitude ;  liut  it  is  not  always  possible  to  refer  an  ovule  to  one  of  the  categories, 
caulome  and  phyllome,  for  its  position  does  not  necessarily  indicate  its  morphological  significance. 
Thus,  a  lateral  ovule,  as  in  Compositje  and  Prtmulace^,  might  be  either  a  leaf  or  a  bud ;  its  probable 
leaf-nature  in  these  cases  depends  entirely  on  teratological  evidence,  which  is  of  very  doubtful  value, 
for  an  organ  m  a  monstrous  condition  does  not  necessarily  assume  its  primitive  archetypical  form. 
Again,  an  organ  borne  by  a  leaf  does  not  necessarily  represent  some  typical  part  of  the  leaf,  witness 
the  adventitious  buds  which  are  developed  on  leaves  in  many  esses,  and  the  ovules  which  cover  the 
surface  of  the  carpels  mNupkar  luleuia  and  Brasmia  pellala  (Strasburger,  Anglospeimen  und  Gymno- 
spermen,  p.  57). 

ing  to  regard  the  ovule  as  a  caulome  or  a  phyllome  may 

H       '(S       b    g       loc     -1)   h  metimes  on  an  axial, 

w  t     h         mpl  t  ly  sat    f    I  ry       ght  to  be  applicable 

f  th    \  as    I     Crypt  g  m       Th     cannot  be  quite  accu- 
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C     b  UB  t  Z   Ig    8S  )  h         p   ssed  the  opinion  that 

,  a  sporangmm,  an  organ  sui  generis  as  much  as  a  stem  or 

a  leaf. 

A  few  words  may  be  added  here  with  reference  to  the  morphological  significance  of  the  inl^u- 
ments  of  the  ovule.  The  view  has  been  often  expressed  that  the  integuments  of  the  ovule  are 
homologous  with  the  indiisium  of  Ferns;  this  is  opposed  bj  Straabui^er  [Angiospermen  mid 
Gymnospeimen)  and  by  Goebel  (Eot.  Zeitg.  1881)  on  the  ground  that  Ihe  mtegtuncnti  arise  from 
the  ovule  itself,  whereas  the  indusium  is  an  outgrowth  of  the  leaf  hearing  the  sporangium.  These 
organs  are  analogous,  but  not  homologous.] 
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sporangia  in  Lycopodium.  These  explanations  are  so  far  confirmed  by  tiie  occurrence 
of  malformations,  thai  the  lateral  axial  and  the  marginal  carpellary  ovules  are  often 
enough  transformed  into  foliar  structures  of  ordinary  form,  while  this  appears  never 
to  occur  with  terminal  or  superficial  ovules. 

These  remarks  have  at  present  been  confined  to  the  ovule  as  a  whole,  although 
reference  has  already  been  made  to  the  theory  of  Cramer  on  the  various  morpho- 
logical relationships  of  the  nucellus  and  of  the  other  parts,  the  funiculus  and  the 
integuments.  Malformations',  which  in  this  respect  are  even  more  instructive  than 
the  normal  development,  led  Cramer  to  the  conclusion  that  when  the  ovule  appears 
to  be  the  equivalent  of  a  lateral  branch  or  of  the  whole  of  a  leaf,  the  funiculus  and 
the  integuments  together  correspond  to  the  foliar  structure  in  each  case ;  the  nucellus 
arises  from  it  as  a  lateral  outgrowth,  while  the  integuments  correspond  to  the  hood- 
shaped  lamina  of  the  leaf,  growing  over  the  n 
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dimentary ;  those  of  Balanophorese  and  Santa- 
he  nucellus  is  nalted,  and  in  some  species  is  itself 
In  Loranthaceae  the  development  does  not  even 
of  a  distinctly  differentiated  ovule  ;  the  growth  of 
so  soon  as  the  carpels  begin  to  be  formed ;  and  the 
s  scarcely  possible  to  speak  of  a  cavity  of  the  ovarj'; 
n  the  axial  part  of  the  tissue  of  the  inferior  ovary  is 


developed  u]  ec  fT        la 

On  Hydnora  see  De  Bary,  Abhajidl.  der  nalurf.  Gcsellsch.  lu  Halle,  vqI.  X ;   Hooker,  Joura.  Linn. 

Socvol.  XIV.  p.  182.] 

'  Hofmeister,  Neue  Beitrage  zur  Kenntniss  der  Embiyobildung  der  Phanerogamen,  Abhandl.  d. 
sacbs.  Ges.  d.  Wiss,  VI.  VII,  1859.— [Strasburger,  Die  Coniferen  und  Gnelaeeen,  p.  409;  irf.  Ueb. 
Befruchtung  und  Zelltheilung ;  id.  Ueb.  ZeUbildung  und  Zelltheilung,  3rd  ed. ;  id.  Die  Angiospennen 
iind  die  Gymnospermen. — Warming,  De  I'ovnie.  Ann.  d.  Sci.  Nat.  i8j8.— Vesque,  D^v.  do  sac 
embryonnaire  des  Phan^rogames,  Ann.  d.  Sci.  Nat.  ser.  6,  VI,  1878 ;  id.  Neue  Untersochungen,  Bot. 
Zeilg.  1879, — Treub  et  Melliiik,  Notice  sur  le  dev.  du  sac  embryonnaire.  Arch.  Neerlandaises,  XV. — 
Fischer,  Zur  Kenntniss  det  Embtyosacentwickelung,  Jenaisch.  Zeitschr.  XIV,  i83o. — Marshall 
Ward,  Embryo-sac  of  Gymnadtnia  conofMo,  Quart.  Journ.  Micr.  Sci.  XX,  1880:  id.  joum.  IJnn, 
Soc.  XVII.  iSSo.] 

'  [In  the  foutth  German  edition,  Prof.  Sachs,  relying  upon  the  observations  of  Hofmeister, 
regards  the  ovules  of  Orchideie  as  being  triehomes,  inasmuch  as  they  are  stated  by  Hofmeister  to  be 
ileveloped  from  single  epidermal  cells  of  the  placenta.  Hofmeistei's  observations  have  been  shown 
to  be  erroneous  by  Sttasburger  (Coniferen  und  Gnetaccen)  and  by  Warming  {lac.  dl.).     The  ovules 
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of  Orchids,  only  a  single  cell  is  thus  divided,  in  other  cases  several.  By  repeated 
divisions  parallel  to  (he  first  the  cells  are  multiplied,  and  a. protuberance  is  formed 
consisting  in  Orchids  (Fig.  397)  of  a  single  row  of  cells,  in  other  cases  of  a  number 
of  rows,  invested  by  the  epidermis;  this  protuberance  is  the  nucellus. 

The  general  course  of  the  development  of  the  embryo-sac  is  as  follows ;  the 
terminal  cell  of  the  row  in  simple  ovules  (Orchids,  Monotropa),  the  terminal  cell  of 
the  axial  row  in  more  complex  ovules,  a  hypodermal  cell  therefore ',  becomes  distin- 
guished by  its  size  and  by  the  granularity  of  its  protoplasm.  This  cell  elongates  with 
the  growth  of  the  nucellus,  and  a  segment  is  cut  off  from  it  towards  its  upper 
(micropylar)  end  by  a  transverse  wall,  and  this  may  be  followed  by  (he  cutting  off  of 
a  second  segment  in  a  similar  manner ;  only  one  such  segment  is  cut  off  in  Tritonia 
aurea,  Antkericum  ramosum,  Triglochin  paJusIre,  Luzula pUosa,  Tradescantia  virginica, 
Chempodium  fatidum,  Helianthemum  Rhodax,  etc.,  two  in  many  Rosacece :  when 
only  one  segment  is  cut  off,  it  usually  divides  into  two  by  a  wall  parallel  to  the  long 
axis  of  the  nnceilus  (anticlinal),  and  whether  one  or  two  segments  have  been  primarily 
cut  off,  they  may  undergo  division  by  transverse  walls.  The  lai^e  remaining  cell  now 
usually  is  divided  by  a  transverse  wall  into  two  of  nearly  equal  size,  and  one  or  both 
ofthese  maybe  divided  in  a  similar  manner.  The  wails  which  are  formed  in  connexion 
with  these  divisions  are  remarkable  for  their  thickness  and  their  glistening  appearance. 
The  result  of  these  divisions  is  the  formation  of  a  row  of  three  or  four  cells  lying 
in  the  long  axis  of  the  nucellus ;  it  is  usually  the  lowest  cell  of  this  axial  row  which 
enlarges  and  becomes  the  embiyo-sac,  causing  by  its  growth  the  absorption  of 
the  others. 

Before  going  into  further  detail  it  will  be  well  to  become  acquainted  with  the 
terminology  which  is  to  be  used  in  describing  these  phenomena,  and  this  may  be  best 
done  by  comparing  them  with  those  which  accompany  the  development  of  the 
sporangia  in  the  Vascular  Cryptogams,  It  has  been  already  pointed  out  that  the  ovule 
corresponds  to  a  sporangium,  and  we  see,  from  the  facts  stated  in  the  preceding 
paragraph,  that  in  its  first  development  it  resembles  the  sporangia  of  IsoMks  in  that  it 
is  derived  not  from  the  epidermis  only  but  also  from  subjacent  cells,  and  that,  as  in 
the  sporangia  of  the  majority  of  Vascular  Cryptogams,  there  appears  within  it  at  an 
early  stage  a  hypodermal  cell  which  is  readily  distinguishable  from  the  cells  surround- 
ing it :  to  this  cell  the  tenn  archesporium  may  be  applied  as  well  here  as  in  speaking 
of  the  Vascular  Cryptogams,  Similarly  we  may  call  the  eel!  or  cells  which  are  cut 
off  from  the  archesporium  toward  its  micropylar  end  iapetal  cells,  the  tapetum  being 
completed  in  these  plants  by  cells  of  the  nucellus,  a  condition  which  recalls  that  in 
Selagirulla.  The  further  divisions  of  the  archesporium  are  comparable  to  those  which 
take  place  in  the  sporangia  of  the  Vascular  Cryptogams  and  which  result  in  the  forma- 
tioR  of  the  mother-cells  of  the  spores :  the  axial  row  of  cells  is  then  a  roW  of  spore- 
mother-cells,  and,  inasmuch  as  one  of  these  developes  into  the  embryo-sac,  the 

of  Orchids  are  developed  in  the  manner  described  above  in  the  text.  Warming  also  states  that  in 
many  cases  Ihe  first  celt-divisions  make  their  appearance  in  the  layer  next  but  one  to  the  epidermis 
{B.ibis,  Viola,  Ficaria,  Geum,  Lamium,  Symphylum,  Verbascum).  or  even  in  a  deeper  layer  (Malva. 

'  [In  Cartx  fracox,  according  to  Fischer,  Ihe  arohesporinm  is  derived  from  a  more  deeply 
placed  cell  of  the  nucellus.] 
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etnbryo-sac  in  the  ovule  of  an  Angiosperm  is  equivalent  to  one  of  the  spore-mother- 
cells  in  the  sporangium  of  a  Vascular  Cryptogam. 

Among  the  more  important  deviations  from  the  above  described  mode  of  the 
development  of  the  embryo-sac,  the  following  may  be  mentioned.  In  Tulipa  Ges- 
neriana  and  in  Lilium  bulbiferum,  according  to  Treub  and  Mellink,  the  archesporium 
undergoes  no  division,  but  simply  enlarges  and  becomes  the  embryo-sac.  In  a 
number  of  cases  described  by  Strasburger  (Angiospermen  und  Gymnospermen)  and 
Fischer  {Myosurus  minimus,  Senecio  vulgaris,  Lamium  maculalam.  Delphinium  iridac- 
tylon  and  villosum,  SisyriiKhium  iridifolium,  Orchis  pallerts,  Gymnadenia  conopsea, 
Monoiropa  Hypopitys,  and  several  Grasses)  no  tapetal  cells  are  formed.  In  Alisma 
Plantago,  Allium  fistuhsum,  Chenopodium /alidum,  and  Sabulina  longi/olia,  the  arche- 
sporium only  divides  once,  that  is,  it  produces  a  row  of  only  two  cells,  the  lower  of 
which  becomes  the  embryo -sac. 

It  has  been  not  vmfrequendy  observed  that  the  terminal  cell  of  more  than  one 
of  the  rows  of  cells  of  which  the  nucellus  primarily  consists  assumes  the  characters 
of  an  archesporial  cell :  in  such  cases  the  archesporium  is  multicellular,  a  condition 
which  is  the  normal  one  in  Isoiles  among  Vascular  Cryptogams.  This  appears  to 
be  commonly  the  case  among  the  Rosacete.  In  Fragaria  vesca  Strasburger  found 
(and  his  observations  have  been  confirmed  by  those  of  Fischer  on  Cydania  japonica, 
Geum  slriclum,  Sangiasorba  pralensis,  Ruhus  casius,  and  Agrimonia  Eupaloria) 
several  archesporial  cells  forming  a  hypodermal  layer  or  row.  Each  of  these 
cells  behaves  in  the  manner  already  described  r  one  or  two  tapetal  cells  are  cut 
off,  and  then  the  cell  undergoes  division  so  as  to  form  a  row  consisting  of  three 
or  four  cells,  The  lowest  cell  of  each  of  these  rows  now  begins  to  develope  into 
an  embryo-sac,  but  the  cell  of  the  axial  row  developes  more  rapidly  than  the 
others,  causing  their  absorption ;  it  is  this  cell  which  constitutes  the  embryo-sac. 
In  Rosa  livida  Strasburger  has  observed  that  the  uppermost  cells  of  the  rows, 
which  usually  consist  of  four  cells,  but  sometimes  of  five  or  even  six,  develope  and 
enlarge,  and  the  second  cell  of  the  row  often  does  the  same.  In  the  process  of 
development  some  of  these  commencing  embryo-sacs  become  absorbed,  ai  do  also 
the  tapetal  cells  and  the  layers  of  cells  which  have  been  formed  at  the  apex  of  the 
nucellus  by  the  repeated  division  of  the  epidennal  layer  one  of  them  generally 
extends  to  the  integument  and  becomes  the  largest  embr)o  sac,  but  the  mature 
ovule  contains  several  embryo-sacs.  Tulasne  has  pomted  out '  thit  m  the  Cruciferse 
{Cheiranlhus  Cheirt)  several  embryo-sacs  are  developed  but  onlj  one  of  them  is 
persistent.  These  phenomena  recall  the  fact  that  m  Taxus,  Ginkgo  Thiga  and 
Gnelum,  among  Gymnosperms,  several  embryo-sacs  are  at  first  formed]  The 
multiplicity  of  embryo-sacs  in  the  ovary  of  Viscum  cinnot  be  mcluded  under  this 
head,  for  the  absence  of  the  differentiation  of  the  ovule  makes  it  uncertain  whether 
the  mass  of  tissue  in  the  ovary,  to  which  we  have  ilreidy  alluded  is  to  be  regarded 
as  the  equivalent  of  one  or  of  several  ovules. 

[In  a  great  number  of  cases  the  epidermis  of  the  nucellus  remains  a  single  layer 
of  cells,  but  not  unfrequently  two  layers  are  formed  it  the  apex  ol  the  nucellu<:  by 
the  periclinal  division  of  the  primary  epidermis  (dermalogen)     In  some  cases  several 


'  [Eludes  d'embryogeiiie  v^gelale,  Ann.  d.  Sci  Nat   \II    1H45] 
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layers  of  cells  are  thus  formed  constituting  a  sort  of  cap  at  the  apex  of  the  nucellus  : 
this  is  indicated  in  Hippuris,  and  it  is  well  seen  in  Delphinium,  Hdianlhemum,  and  in 
the  Rosacege ;  to  the  last  case  reference  has  been  made  in  the  preceding  paragraph. 
In  Geum  urbanum,  Iris  Pseudacorus,  and  Agrosiemma  the  whole  free  surface  of  the 
nucellus  is  covered  by  a  number  of  layers  of  cells  which  have  been  formed  in  this 
manner  (Warming). 

The  integuments  are  developed  as  outgrowths  of  the  nucellus.  In  those  cases 
in  which  the  ovule  has  only  a  single  integument,  the  greater  part  of  it  is  developed 
from  the  epidermis  of  the  nucellus.  When  the  ovule  has  two  integuments,  the 
inner  one  is  developed  principally  from  the  epidermis,  the  outer  principally  from 
the  subjacent  cells'.  Cell-division  and  growth  take  place  in  a  zone  encircling  the 
nucellus,  and  thus  the  integument  grows  up,,  at  first  as  a  ring,  but  later  as  a  con- 
tinuous membrane  investing  it.  Accordingly  as  this  zone  is  narrow  or  broad,  the 
integument  will  consist  (in  thickness)  of  one  or  more  layers  of  cells.  As  a  general 
rule  the  inner  integument  in  those  cases  in  which  two  are  present  is  developed 
iirst;  exceptions  to  it  appear  to  occur,  according  to  Warming,  in  Euphorbia,  Cuphea, 
Mahtmia  glahraia. 

In  some  cases  three  integuments  appear  to  be  present  {Asphodelus  luleus  and 
creiicus,  Reseda  luiea),  but  it  seems  probable  that  the  external  one  is  to  be  regarded 
as  an  arillus.  On  the  other  hand  it  appears,  in  some  cases  in  which  two  integuments 
are  developed,  as  if  only  one  were  present  ( Viola,  Ficus,  Convallaria,  Orchis,  Tro- 
pmolum.  Delphinium) ;  this  is  due  to  the  very  intimate  connexion  of  the  two  in- 
teguments.] 

The  further  behaviour  of  the  embryo-sac  of  Angiosperms  differs  in  many  ways 
from  that  of  Gymnosperms.  In  Gymnosperms  it  remains  surrounded  by  a  thick 
layer  of  the  tissue  of  the  nucellus  till  after  fertilisation  has  taken  place ;  it  is  com- 
paratively small,  and  is  surmounted  by  a  strongly  developed  nuclear  protuberance. 
In  Angiosperms,  on  the  other  hand,  the  embryo-sac  has  grown  considerably  even 
before  fertilisation  ;  it  usually  supplants  the  surrotinding  tissue  of  the  nucellus  so  far 
that  it  remains  enveloped  by  only  a  thin  layer  of  it,  or  is  even  in  actual  contact  with 
the  inner  surface  of  the  inner  integument,  as  in  Orchideie  {Fig.  39J,  VIF).  In  such 
cases  the  tissue  of  the  apex  of  the  ovule  often  still  remains  entire  (as  in  Aroidese), 
but  frequently  the  apex  of  the  embryo-sac  bursts  through  it,  and  projects  into  the 
micropyle  (as  in  Crocus  and  Labiatie),  or  even  grows  out  beyond  it  as  a  long  tube 
[e.g.  Sanlalum).  The  middle  and  lower  part  of  the  sac  also  frequently  extends  con- 
siderably; in  many  gamopetalous  Dicotyledons  it  puts  out  vermiform  appendages 
which  penetrate  into  and  destroy  the  tissue  of  the  integument,  as  in  Rkinanthm, 
Lathraa,  and  some  Labiatis.  While  this  process  of  growth  is  proceeding,  the  proto- 
plasm which  at  first  fills  up  the  whole  sac  becomes  full  of  vacuoles;  a  large  sap- 
cavily  arises  surrounded  by  a  parietal  mass  of  protoplasm,  which  accumulates 
especially  in  the  apical  prominence  and  at  the  bottom   of  the  embryo-sac,  while 

'  [According  to  Wanning  the  integnments  are  developed  in  some  cases  from  the  dermatogen 
alone ;  as  in  Orchii,  Primula  chmensh.  Centradenia  jlorib-anda,  Lysimachia  verlidllala,  Limua  pirenne 
(Strasbui^ier),  and  Begonia  htraehifotiB,  among  plants  which  have  two  integuments,  and  In  Ptperomia 
and  Monoiropa  among  (hose  which  have  only  one  integument.  This  mode  of  development  of  the 
integuments  is  comparatively  tare.] 
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threads,  in  which   currents    are    visible,  radiate  to  the  walls  from    the  protoplasm 
which  envelopes  the  nucleus. 

[During  the  growth  of  the  embryo-sac  its  nucleus  divides,  and  he  wo  new 
nuclei  travel  to  the  opposite  ends  of  the  sac,  a  large  central  vacuol  be  ng  form  d 
Each  of  these  nuclei  divides  into  two,  and  each  of  these  again  into  t\  o  h  h  e 
are  four  nuclei  at  each  end  of  the  embryo-sac.  One  nucleus  from  1  nd  o 
travels  towards  the  centre  of  the  sac,  where  they  meet  and  coales  o  fo  m  h 
definitive  nucleus  of  the  embryo-sac ;  these  two  nuclei  may  be  tern  1  h  p 
nuclei.     Round  the  three  nuclei  at  the  two  ends  of  the  sac  a  proc  f  f  11 

formation  now  takes  place,  so  that  there  are  three  cells  at  each  end    f   he 
The  cells  at  its  lower  (chalazai)  end  soon  become  surrounded  with      11  w  11       nd 
constitute  the  j  ti pndal  cell      the  cells  at  its  upper  (micropylar)  end  n  nak  d 

and  constitute  the  egg  afpiiaius  Two  of  the  cclK  of  the  egg  ajparau  1  n 
the  apex  of  the  sac  ihrm  the  third  they  are  somewhat  elongated  up  n  ly  and 
the  nucleus  lies  in  this  elongated  porlion  the  rounded  inferior  portion  containing 
1  large  vacuole  these  cells  have  been  terned  by  Strasburger  the  'Synerf^tdte  In 
many  cases  the  elcngated  superior  en  is  of  these  cells  presents  a  longitudinal 
striation  (as  in  (ililiolm  Cro  us  San/alum  Zea  Polygonum  etc)  first  observed  by 
Schacht '  and  termed  by  h  m  the  F  liform  Apparatus  The  third  cell  which  lies 
at  rather  a  lower  level  than  the  o  her  two  is  the  nsphere  it  is  more  or  !e=;s  rounded 
in  form  and  its  nucleus  lies  towards  its  lower  eni  All  three  are  usually  ittached  to 
the  w  ^11  of  the  embr}  o  sac  It  s  important  to  note  that  the  nuclei  of  the  synergidte 
are  si'^ter  nuclei  the  nucleus  of  the  oosphere  is  the  s  '■ter  nucleus  of  tt  e  polar 
nucleus  which  coalesces  with  the  polar  nucleus  from  the  lover  end  lo  form  the 
definitive  nucleus  of  the  embr)o  sac 

The  following  are  some  of  the  pr  nc  p^l  deviilions  from  the  series  of  pheno 
mena  which  have  been  de  cribed  above  Somet  mes  as  in  Orniihogalum  nutans 
only  one  of  the  S)nergid£e  is  prcent  It  maj  be  that  this  is  due  to  the  omission  of 
one  of  the  dmsons  of  the  nuclei  at  the  apc\  of  the  embrjo  sac  but  inasmuch 
as  two  are  gei  erallj  to  be  found  in  preparations  of  early  stages  and  only  one  in 
preparatiois  of  later  stages  of  development  t  s  possitle  thit  two  ire  primanly 
formed  but  that  one  soon  undergoes  absorption  In  S nmr%ij  according  to  Stras 
burger  only  one  sjnergida  is  (.resent  in  some  cases  and  very  rarely  both  are  absent 
In  ex.ceplional  instances  two  oopheres  have  been  found  n  the  embrjo  sac  m 
Stnningia  by  Strasburger  an  i  n  6-  mphr  na  b>  Fischer  This  pecuhar  abnormality 
appears  to  be  the  rule  1 1  Sanlalum  atbmi  Strasburger  expla  n  it  by  supposing 
either  that  one  of  the  three  nuclei  of  the  egg  apparatus  has  undergone  division 
so  that  four  cells  are  formed  insiea  1  of  three  or  that  the  uj  per  polar  nucleus 
bccon  cs  the  nucleus  of  the  second  oosphere  m  the  latter  case  the  definitive 
nucleus  of  the  enbrjo  sac  would  be  constituted  by  tl  e  lo  ver  polar  1  ucleus  alone 
The  antipodal  cells  are  verj  mperfectlv  jifferentnted  n  the  Orch  ds  and  do  not 
become  clothed  with  cell  walls  it  is  this  fact  d  jubtless  which  caused  Hofmei  ter  to 
assert  that  the  antipodal  cells  are  frequentlj  wanting  m  Orchids      In  some  cases 

'  Jahrb.  fur  wiss.  Bot.  I  and  IV.  [Schacht  states  that  in  Sanlalum  album  the  two  synergida;  are 
separated  by  a  Eeptum  which  is  fonned  in  the  apical  poition  of  the  embryo-sac  ;  this  observation  has. 
been  confirmed  by  Strasburger  (Zelltheilung  und  Befruchlung).] 
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such  as  AlUonia  and  Ddphinium,  they  are  very  large  and  well- developed.  In  the 
Gramineje,  Fischer  has  found  that  they  divide  and  give  rise  to  a  considerable  mass 
of  cells,  a  fact  which  Strasburger  has  a'-certained  with  regard  to  Orniikogalum, 
though  here  it  is  exceptional  In  some  instances  the  two  polar  nuclei  meet,  not 
in  the  centre,  but  towards  the  upper  end  of  the  embryo-sac;  in  this  case  the 
upper  nucleus  is  stationary,  and  the  lower  nucleus  has  to  travel  nearly  the  whole 
length  of  the  embryo-sac.  This  occurs,  according  to  Fischer,  in  Elodea  and  tn 
many  GramincEe,  and  apparently  also  in  Album  fisluhsum.  The  coalescence  of  the 
two  polar  nuclei  usually  takes  place  before  fertilisation  but  in  Altsma  and  in  Allium 
fistulosum  it  does  not  take  place  until  the  pollen  tube  has  reached  the  embryo-sac 
or  even  until  fertilisation  has  been  actually  effected 

As  regards  the  fate  and  the  function  of  the'^e  various  cells  which  are  formed  in 
the  embryo-sac,  the  oosphere  is  the  one  which  undergoes  fertilisation  and  developes 
into  the  embryo,  the  others  being  transitory  structures      The  synergidie  appear  to 


cause  the  disintegration  and  in  some  cases  at  least  the  absorption  of  that  part  of  the 
wail  of  the  embryo-sac  with  which  they  are  in  contact,  and  besides  this,  they  have 
a  further  function  in  the  process  of  fertilisation  to  which  reference  is  made  below. 
In  some  cases  {Crocus  vernus,  Torenia  asialica,  Sanlalum  album)  their  pointed  ends 
become  covered  with  a  cap  of  a  homogeneous  substance  which  gives  the  reactions 
of  cellulose :  by  this  means  they  replace  that  part  of  the  wall  of  the  embryo-sac 
of  which  they  have  caused  the  absorption.  After  fertilisation  the  synergidse  undergo 
absorption.  In  many  cases  the  antipodal  cells  soon  undergo  absorption,  but  in 
some  they  persist,  and  may  be  seen  at  the  base  of  the  endosperm  in  the  fertilised 
ovule. 

We  will  now  proceed  to  discuss  these  phenomena  from  a  morphological  point 
of  view.  We  have  seen  above  that  the  cell  which  developes  into  the  embryo-sac  is 
the  equivalent  of  one  of  the  mother-cells  of  the  spores  in  the  sporangium  of  a  Vas- 
cular Cryptogam,  and  to  this  we  may  add  that  it  is  equivalent  to  one  of  the  mother- 
cells  of  the  pollen  in  the  pollen-sac  of  the  stamen.     With  this  as  the  basis  of  their 
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reasoning  Warming  and  Vesque  consider  tliat  the  processes  of  ceil -formation  which 
go  on  in  the  embryo-sac  correspond  to  the  formation  of  spores  or  pollen-grains 
from  their  mother-cell,  the  four  nuclei  at  each  end  of  the  embryo-sac  representing 
a  tetrad  of  spores.  In  order  that  this  view  may  be  perfectly  consistent  it  is  obviously 
necessary  to  assume  that  the  embryo-sac  is  formed  by  the  fusion  of  two  cells  equiva- 
lent to  spore-mother- eel  Is,  inasmuch  as  two  tetrads  of  nuclei  are  formed  within  it, 
and  further,  that  the  cells  which  are  formed  round  these  nuclei  are  each  of  them 
equivalent  to  a  spore. 

The  view  which  is  more  generally  held,  and  which  is  due  to  Strashmger,  is  that 
the  cell  which  forms  the  embiyo-sac  is  a  spore -mother-cell  which  does  not  undergo 
any  division  into  special  spore-mother-cells,  but  which  developes  without  dividing 
into  a  single  spore,  the  embryo-sac.  The  processes  of  cell-formation  which  go  on 
in  the  embryo-sac  are  not  therefore  to  be  compared  to  those  which  accompany  the 
formation  of  spores  or  of  pollen-grains  from  their  mother-cell,  but  they  are  to  be 
compared  to  those  which  accompany  the  germination  of  a  spore  or  of  a  pollen- 
grain.  The  six  cells  which  are  formed  in  the  embryo-sac,  three  at  the  chalaza!  and 
three  at  the  micropylar  end,  represent  a  rudimentary  protballium ;  they  are  com- 
parable to  the  endosperm  of  Gymnosperms  and  to  the  prothallium  in  the  macrospore 
of  the  heterosporous  Vascular  Cryptogams  \  These  cells,  which  we  may  term 
primary  endosperm-celk,  are,  as  we  have  seen,  subsequently  differentiated  into  the 
antipodal  cells  and  the  egg-apparatus ;  thus  three  of  them  are  purely  vegetative, 
whilst  the  other  three  are  concerned  in  the  sexual  reproduction  of  the  plant,  one 
of  them  becoming  the  oosphere  and  the  other  two  the  synergidte.  In  the  Vascular 
Cryptogams  we  saw  that  the  archegonium  was  developed  from  a  single  superficial 
ceil  of  the  prothallium ;  in  the  Gymnosperms  we  saw  that  the  archegonium  was 
developed  from  a  single  superficial  cell  of  the  endosperm,  that  it  was  a  less  com- 
plex organ  than  in  the  Vascular  Cryptogams,  and  that  it  had  undergone  a  reduction, 
a  condition  which  we  found  most  evident  in  Welwiischia  in  which  the  mature  arche- 
gonium consists  of  only  a  single  cell ;  in  the  Angiosperms  this  reduclion  is  carried 
still  further,  the  archegonium  being  represented  only  by  the  oosphere,  which  is  one 
of  the  primary  endosperm -cells.  It  was  thought  at  one  time  that  the  Filiform 
Apparatus  of  Schacht  represented  the  canal-cell  of  the  archegonium  which  we  have 
found  to  be  present  in  the  higher  Cryptogams  and  in  most  Gymnosperms,  but  this 
cannot  be  the  case  inasmuch  as  this  apparatus  is,  as  stated  above,  simply  the  striated 
ends  of  the  synergidK ;  still  less  can  the  synergidfe  be  canal-cells,  for  they  are  the 
product  of  a  nuclear  division  and  cell- formation  in  which  the  oosphere  is  not 
directly  concerned ;  moreover  their  function  is  entirely  peculiar.  The  completion 
of  the  prothallium  takes  place  when  what  we  may  term  the  secondary  endosperm 
is  formed ;  this  is  what  is  commonly  termed  ike  endosperm,  and  its  formation  in 
the  embryo-sac  does  not  commence  utrtil  the  fertilisation  of  the  oosphere  has  been 
effected.] 

Fertilisation ',     The   pollen-grains   which   germinate  on  the   stigma  send  out 

'  [Allusion  has  already  been  made  (on  p.  486)  to  Goebei's  view  that  the  antipodal  cells  of 
Angiosperms  correspond  to  the  ■  endosperm '  of  Selaginelln.^ 

'  Besides  the  works  of  Hofmeisler  already  quoted,  see  his  historical  account  in  Flora,  1857, 
p.  125,  where  the  literature  is  collected.    [Also  Strasburger,  Ueb.  Befruchtung  nod  Zelttheilung. — 
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their  tubes  through  the  channel  of  the  style  where  there  is  one,  or  more  usually 
through  the  loose  conducting  tissue  in  its  interior,  down  to  the  cavity  of  the  ovary. 
Frequently  both  in  erect  basilar  (Fig.  391)  and  in  pendulous  anatropous  ovules  the 
micropyle  lies  so  close  to  the  base  of  the  style  that  the  descending  pollen-tube 
can  enter  it  at  once :  but  more  often  the  pollen-tubes  have  to  undergo  further 
growth  afler  their  entrance  into  the  cavity  of  the  ovary  before  they  reach  the  micro- 
pyles  of  the  ovules;  and  they  are  then  guided  iii  the  right  direction  by  various 
contrivances.  We  frequently  find  papillose  projections  of  the  placentas  or  other 
parts  of  the  wall  of  the  ovary,  to  which  the  pollen-tubes  attach  themselves ;  in  our 
species  of  Euphorbia  a  tuft  of  hairs  conducts  them  from  the  base  of  the  style  to 
the  neighbouring  micropyle ;  in  the  Plumbagineae,  the  conducting  tissue  of  the  style 
forms  a  conical  descending  outgrowth,  which  conducts  the  pollen-tube  into  the 
micropyle ;  and  so  forth.  [The  conducting  tissue  is  also  secretory,  and  it  appears 
that,  as  Amici  originally  suggested  {and  this  view  has  been  recendy  confirmed  by 
Calmer),  the  pollen-tube  obtains  the  materials  necessary  for  its  growth  from  the 
secretion.] 

[We  have  already  seen  that  two  cells  (at  least)  are  formed  in  the  pollen-grain  of 
Angiosperms,  and  that  they  are  sometimes  separated  by  a  cellulose  wall,  but  more 
commonly  by  an  ectoplasmic  layer  {hauischichi)  of  protoplasm.  The  poEen-tube  is 
formed  from  the  larger  of  these  two  cells.  It  sometimes  happens  that  the  smaller 
(vegetative)  cell  of  the  pollen-grain  is  unaffected  by  the  formation  of  the  tube,  but 
more  commonly  the  layer  separating  the  two  cells  is  absorbed,  and  the  two  nuclei 
travel,  together  with  protoplasm,  into  the  growing  tube,  the  nucleus  of  the  larger 
cell  frequently  going  first.] 

Since  every  ovule  requires  one  pollen  tube  for  its  fertilisation,  the  number  of 
tubes  whicb  enter  the  ovary  depends,  speaking  generally,  on  the  number  of  the  ovules 
contained  in  it;  the  number  of  pollen-tubes  is  however  usually  larger  than  that  of  the 
ovules;  where  these  latter  are  very  numerous,  the  number  of  pollen-tubes  is  therefore 
also  very  large,  as  in  Orchide*,  where  they  may  be  delected  in  the  ovary  even  by  the 
naked  eye  as  a  shining  white  silky  bundle. 

The  time  that  intervenes  between  pollination  and  the  entrance  of  the  pollen- 
tube  into  the  micropyle  depends  not  only  on  the  length  of  the  style,  which  is  often 
very  considerable  (as  in  Zea  and  Crocus),  but  also  on  the  specific  characters  of  the 
plants.  Thus,  according  to  Hofmeister,  while  the  pollen-tubes  of  Crocus  vermis 
only  require  from  twenty-four  to  seventy-two  hours  to  penetrate  the  style  which  is 
from  5  to  10  cm.  in  length,  those  of  Arum  maeulatum  take  at  least  five  days,  although 
the  distance  they  have  to  go  over  is  scarcely  more  than  a  or  3  mm.,  and  those  of 
OrchidcEB  require  ten  days  or  even  several  weeks  or  months,  during  which  time  the 
ovules  first  become  developed  in  the  ovary,  or  even  are  not  formed  till  then. 

The  pollen-tube  is  usually  very  slender  and  thin-walled  as  long  as  it  is  increasing 
quickly  in  length ;  after  entering  the  micropyle  its  wall  generally  thickens  rapidly  and 
often  considerably,  chiefly,  as  would  seem,  by  swelling,  so  that  its  apical  portion 
communicates  with  the  rest  of  it  by  only  a  narrow  channel,  or  is  entirely  cut  off. 
Hofmeister  compares  it,  in  this  condition,  to  a  thermometer- tube  (as  t.g.  in  Lilium, 

Elfvbg,  Jenaisdie  Zeitschrift.  18^9.  and  Quart.  Joura.  Micr.  Sd,  XX,  1880.— Dalmer,  Jen.  Zeitsch. 
1880. — Capus,  Anat.  du  tissu.condocleur,  Ann.  d.  Sd.  Nat.  ser.  6,  t.  VII.] 


vGooqIc 


5*^4  PHANEROGAMS. 

€a  /us  and  Mi!  a)  while  snmetime  the  cavity  of  the  tube  becomes  wider  (as  in 
(Enolhera  and  Cumrb  tacese)  Its  contents  consist  of  granular  protoplasm,  usually 
mixed  w  th  a  number  of  starch  grains  (the  FomIU). 

li\ithin  the  micropjle  the  pollen  tube  eitl  er  comes  immediately  into  contact  with 
the  naked  apex  of  the  embryo  sac  or  is  m  ttalsonia  and  Santalum,  ivith  the  pro- 
jecting striated  ends  of  the  synergid'^  but  verj  commonly  a  portion  of  the  tissue  of 
the  apex  of  ihe  nucpllus  st  11  remains  through  which  it  has  to  make  its  way  to  Ihe 
embr)o  sac  The  wall  of  the  embrjo  sac  is  often  weak  at  the  apex,  and  is  frequently 
inflete  1  by  the  advancing  end  of  the  pollen  tube  or  even  perforated. 

[''trasburger  has  carefully  studied'  the  process  of  fertilisation  in  Torenia  asiaiica. 
Gloxinia  hxhndz  various  Orchids  Monotropa  and  Pyrola.  He  finds  that  when  the 
pollen  tube  firat  comes  into  contact  with  the  sjnergidse  or  with  the  embryo-sac,  one 
or  both  of  the  nuclei  can  be  distinguished  in  it  near  its  apex.  These  very  soon 
disappear  and  its  contents  present  a  highly  refractive,  finely  granular  appearance. 
The  appearance  of  one  or  botl  of  the  j  nergidse  now  begins  to  change  ;  its  nucleus 
and  1  s  vacuole  disappear  and  I'a,  protoplasm  becomes  uniformly  and  highly  granular, 
closely  resembling  m  appearance  the  contents  of  the  pollen-tube  as  described 
above  itlosesit  form  becoming  irregular  ind  it  is  closely  attached  to  the  oosphere; 
portions  of  it  may  breik  ( ff  and  lasten  on  to  the  oosphere  here  and  there.  The 
oosphere  now  becomes  grinuhr  ind  two  nuclei  can  be  detected  in  it;  one  of  these  is 
the  nucleus  of  the  oosphere  (the  female  pronucleus),  the  substance  of  the  other  (male 
pronucleus)  has  doubtless  been  denved  through  the  synergid*,  from  the  pollen-tube. 
These  two  nuclei  meet  and  coalesce  constitut  ng  the  nucleus  of  the  oospore;  this 
nucl  us  IS  olten  seen  to  contain  tvio  nucleoli  the  nucleoli  of  the  male  and  female 
pronuclei  which  coalesce  somewhit  later  the  oosphere  now  surrounds  itself  with  a 
cellulose  wall  and  w  th  tl  is  its  conversion  ii  to  the  oospore  is  complete.] 

The  further  results  of  this  process  can  usually  be  observed  after  a  short  time  in 
ihe  lehauou-  of  the  nucleus  of  the  embrjo  sac  and  of  that  of  the  oospore.  It 
frequent!)  however  occurs  that  a  considerable  time  elapses  after  the  entrance  of  the 
pollen  tube  before  the  commencement  of  the  development  which  is  induced  by  it ; 
several  days  or  even  weeks  in  many  woody  plants,  as  Ulmm,  Qmrcus,  Fagus,  Juglans, 
Citrus,  ^sculus,  Acer,  Cornus,  Robim'a,  &c. ;  almost  a  year  in  the  American  Oaks,  the 
seeds  of  which  take  two  years  to  ripen ;  in  Colchicum  auiumnale  the  polien-tube  enters 
the  embryo-sac  at  the  latest  at  the  beginning  of  November,  but  it  is  not  till  May  in  the 
next  year  that  the  formation  of  the  embryo  begins.     (Hofmeister.) 

Even  the  advance  of  the  pollen-tube  through  the  conducting  tissue  of  the  style 
and  into  the  cavity  of  the  ovary  often  causes  extensive  changes  in  the  flower;  if  the 
perianth  is  delicate  it  usually  loses  at  this  time  its  freshness,  fades,  and  afterwards 
entirely  falls  off ;  among  Liliacere  it  is  common  for  the  ovary  to  commence  growing 
actively  even  before  the  fertilisation  of  the  ovules  (Hofmeister) ;  in  Orchidese  not 
only  is  the  active  growth  of  the  ovary,  which  often  lasts  for  a  considerable  time, 
occasioned  by  pollination,  but  (he  ovules  themselves  are  by  it  rendered  capable  of 
fertilisation ;  in  some  cases  even  their  production  is  thus  induced  from  the  placenta 
which  would  otherwise  remain  sterile.  (Hildebrand  :  see  also  Book  III  on  the 
Sexual  Process.) 

'  [Befruchtung  und  Zelltheilung.  1878,  p.  5a.] 
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Hesul/s  of  Ferlilisaiion  in  (he  Embryo-sac ;  Formation  of  the  Endosperm '  and 
Embryo.  [The  first  result  of  fertilisation  seen  in  the  embryo-sac  is  the  division  of  its 
nucleus.  The  action  of  the  pollen-tube  on  the  oosphere  is  apparent  about  the 
same  time  :  the  oospore  increases  in  size,  elongating  in  the  direction  of  the  long  axis 
of  the  nucellus.  The  formation  of  the  endosperm  very  commonly  begins  before  the 
division  of  the  oospore,  at  the  latest  during  the  formation  of  the  suspensor.  The  two 
nuclei  which  are  formed  by  the  division  of  the  nucleus  of  the  embryo-sac  divide  again, 
and  this  process  is  repeated  until  a  number  of  nuclei  are  formed,  lying  in  the  proto- 
plasm which  lines  the  wall  of  the  embryo-sac,  the  number  of  nuclei  becoming  greater 
as  the  embryo-sac  increases  in  size.  When  the  embryo-sac  has  ceased  to  grow  the 
protoplasm  becomes  aggregated  around  the  nuclei,  and  the  area  of  protoplasm  sur- 
rounding each  nucleus  is  marked  out  by  an  ectoplasmic  layer,  and  in  this  layer  a 
cellulose  membrane  is  formed  which  is  attached  externally  to  the  wall  of  the  embryo- 
sac,  and  is  free  at  its  inner  margin ;  thus  the  cells  are  separated  from  each  other. 
The  cells  now  increase  in  size,  become  vacuolated,  and  a  cellulose  wall  is  formed 
on  their  internal  surfaces.  These  processes  of  cell-formation  begin  usually  at  the 
chalazal  end  of  the  embryo-sac  and  gradually  extend  to  the  micropylar. 


In  many  cases  the  development  of  endosperm  does  not  proceed  beyond  this 
point,  for  the  growing  oospore  comes  into  contact  with  the  parietal  layer  of  cells  and 
prevents  any  further  cell-multiplication :  in  other  cases  the  cells  of  the  parietal  layer 
multiply  by  division,  and  thus  fill  up  the  embryo-sac]  If  the  sac  increases  greatly  in 
size,  as,  for  instance,  in  Ricinus  and  in  the  large-seeded  Papilionacese,  the  filling  up 
with  endosperm  does  not  take  place  till  later,  and  the  centre  of  the  sac  is  filled  in  the 
unripe  seed  with  a  clear  vacuole-fluid.  In  the  embryo-sac  of  the  Cocoa-nut,  which 
grows  to  an  enormous  size,  this  fluid— the  cocoa-nut-milk— remains  until  the  seed  is 
fully  ripe,  the  tissue  of  the  endosperm  forming  a  layer  only  some  millimetres  in 
thickness,  which  lines  the  inside  of  the  testa.  The  very  narrow  elongated  embryo- 
sacs  of  plants  with  small  seeds,  as  Pisiia  and  Arum,  are  filled  up  by  a  single 
longitudinal  row  of  endosperm  cells.  In  a  large  number  of  dicotyledonous  plants  (as 
Loranthacese,  Orobanchete,  Labiatas,  Campanulaceie,  &c.),  with  long  narrow  tubular 

'  [Hofmeister,  Neue  Beitiage,  Abhand.  d.  k.  sachs.  Ges.  d.  Wiss.  VI. — Stiasburger.  Befruchtung 
nnd  Zelltheilung  ;  id.  Zellbildung  und  ZeUlheilung,  3rd  ed. ;  id.  Angiospermen  und  Gymnospennen. 
— Hegelniaier,  Vergl.  Unters.  ueb,  Entwick.  dikotyledoner  Keime,  1S78;  id.  Zur  Embryogenie  und 
Endospermentwickelung  von  Lufinas,  Bot.  Zeitg.  1880. — Datapsky,  Der  Embtyosackkern  und  das 
Endosperm,  Bot,  Zeitg.  187^.] 
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embryo^sacs,  the  space  of  the  embiyo-sac  is  first  of  all  divided  by  two  transverse 
septa,  further  transverse  divisions  succeeding  in  all  or  some  of  the  cells  thus  formed, 
followed  by  longitudinal  ones ;  the  tissue  of  the  endosperm  is  thus  formed,  and  in  this 
case  often  Ms  up  only  certdn  parts  of  the  embryo-sac ;  or  the  sac  is  divided  by  a 
septum  into  two  daughter-cells,  the  upper  of  which  contains  the  rudimentary  embryo, 
and  produces  endosperm  in  small  quantities  by  free  cell-formation  {e.g.  Nymphaa, 
Nuphar,  Ceratophyllum,  Anthurium').  In  a  few  families  only  the  formation  of  endo- 
sperm is  rudimentary,  and  limited  to  the  temporary  appearance  of  a  few  free  cells  or 
nuclei,  as  in  Tropmolum,  Trapa,  Naiades,  Alismacea,  Potamogetonese,  Orchidese  ; 
in  Canna  even  this  rudimentary  production  of  endosperm  appears  to  be  suppressed. 

During  the  first  formation  of  the  endosperm,  the  embryo-sac  usually  increases  in 
size,  and  thus  displaces  the  tissue  of  the  nucellus  which  still  to  a  certain  extent 
surrounds  it ;  only  in  a  few  cases  is  the  nucellus  still  partially  or  entirely  preserved ; 
it  becomes  filled  with  food-materials,  like  the  endosperm,  and  replaces  this  latter 
as  a  reservoir  of  reserve-materials  for  the  embryo.  In  most  of  the  Scitaminere 
{e.g.  Canna),  this  tissue,  the  PerUperm,  is  very  strongly  developed,  while  the  endosperm 
is  altogether  wanting ;  in  the  P^ieracese  and  in  many  of  the  Nymphseaceje  there  is  a 
small  endosperm  in  the  ripe  seed,  lying  in  a  hollow  of  the  much  larger  perisperm. 


While  the  endosperm  surrounded  by  the  embryo-sac  increases  in  size,  the  Testa 
is  formed  from  the  development  of  the  integuments  which  accompanies  that  of  the 
endosperm ;  but  in  Crinum  capensc  and  some  other  Amaryllideie  the  growing  endo- 
sperm is  stated  by  Hofmeister  to  burst  the  testa  and  even  the  wall  of  the  ovary ;  its 
cells  produce  chlorophyll,  and  the  tissue  remains  succulent  and  forms  intercellular 
spaces  (which  does  not  occur  in  other  cases).  In  Ridnus  a  similar  growth  takes 
place  when  the  ripe  seed  germinates  in  moist  earth,  bursting  the  testa  (according  to 
von  Mohl);  and  the  endosperm,  previously  ovoid  and  from  8  to  lo  mm.  long,  is 
transformed  into  a  flat  broad  sac  20  to  25  mm.  in  length,  which  surrounds  the 
growing  cotyledons  until  they  have  absorbed  all  the  food  materials  from  it. 

In  Monocotyledons  and  many  Dicotyledons  the  embryo  remains  small  and  is 
either  enveloped  by  the  endosperm  or  lies  by  its  side  (as  in  Grasses) ;  the  cells  of 
the  endosperm,  which  are  in  close  contact  without  intercellular  spaces,  become  filled,  ' 
until  the  seed  is  ripe,  with  a  protoplasmic  substance  and  fatty  matter  or  starch  or 
both,  in  which  case  they  remain  thin-walled ;  it  then  appears  as  the  mealy  (full  of 
starch)  or  fatty  portion  of  the  ripe  seed,  the  embryo  being  found  by  its  side  or 
within  it;  but  it  is  often  horny  in  consequence  of  a  considerable  thickening  of 
its  cell-walls  which  have  the  power  of  swelling  {e.g.  the  Date  and  other  Palms, 
Umbelliferse,  Coffea,  &c.)  If  this  thickening  has  taken  place  to  a  very  great  extent, 
'  For  further  details  oc  this  point  see  the  acconnt  of  the  Dicotyledons, 


yGoogle 


ANGtOSPERMS.  587 

the  endosperm  may  fill  up  the  testa  as  a  hard  mass,  forming,  for  instance,  the 
'  vegetable  ivory '  in  the  Phyiehphm.  In  these  cases  the  thickened  walls  of  ibe 
endosperm-cells,  which  are  absorbed  during  germination  together  with  their  proto- 
plasmic and  fatty  contents,  serve  for  the  first  nourishment  of  the  embryo.  The 
ripe  endosperm,  when  copiously  developed,  has  usually  Ihe  form  of  the  entire 
ripe  seed,  being  uniformly  covered  by  its  testa ;  its  externa!  form  is  therefore 
generally  simple,  often  round;  although  considerable  deviations  from  this  frequently 
occur,  especially  among  Dicotyledons.  Thus,  for  instance,  the  substance  known  as 
the  'coffee-berry'  consists,  with  the  exception  of  the  minute  embryo  which  is  con- 
cealed in  it,  entirely  of  the  homy  endosperm;  but  this,  as  a  transverse  section  shows, 
is  a  plate  folded  inwards  at  its  margins.  The  marbled  (ruminated)  endosperm  which 
forms  the  nutmeg  (the  seed  of  Myristica  fragrans)  and  the  areca-nut  (the  seed 
of  the  Areca-palm)  owes  its  appearance  to  the  circumstance  that  an  inner  dark 
layer  of  the  testa  grows  in  the  form  of  radiating  lamellse  between  narrow  fold- 
like protuberances  of  the  light- coloured  endosperm.  The  ripe  endosperm  is  either 
a  perfectly  solid  mass  of  tissue,  or  it  possesses  an  inner  cavity,  as  in  Slrycknos 
Nux-vomica,  where,  like  the  seed  itself,  it  is  broad  and  flat.  This  is  clearly  the 
result  of  the  endosperm  which  grows  inwards  from  the  periphery  of  the  embryo-sac, 
leaving  a  free  central  space,  which,  as  has  already  been  mentioned,  is  very  large 
and  filled  with  fluid  in  the  case  of  the  cocoa-nut.  In  these  cases  the  endosperm 
is  therefore  a  hollow  thick-walled  sac,  enclosing  a  roundish  or  flattened  cavity. 

In  a  large  number  of  families  of  Dicotyledons,  the  first  leaves  of  the  embryo, 
the  Cotyledons^  grow,  before  the  seeds  are  ripe,  to  so  considerable  a  size  that  they 
displace  the  endosperm  which  was  previously  present,  and  finally  fill  up  the  whole 
space  enclosed  by  the  embryo-sac  and  the  testa;  while  the  axia!  part  of  the  embryo, 
and  the  bud  (plumule)  that  lies  between  the  bases  of  the  cotyledons,  attain  even 
in  these  cases  only  inconsiderable  dimensions.  In  these  thick  fleshy  or  foliaceous 
cotyledons  (which  are  then  usually  folded)  the  reserve  of  food-material  accumulates, 
consisting  of  protoplasmic  substance,  of  starch  and  fatty  matter,  which  is  in  other 
cases  stored  up  in  the  endosperm,  and  is  made  use  of  during  the  development 
of  the  seedling.  This  storing  of  the  cotyledons  with  so  large  a  quantity  of 
food-materials  appears  to  take  place  by  its  transference  from  the  endosperm;  and 
hence  the  difference  between  those  seeds  which  in  the  ripe  condition  contain  no 
endosperm  ['  exalbuminous ']  and  those  which  do  contain  it  ['  albuminous ']  con- 
sists essentially  only  in  the  fact  that  the  food-material  of  the  endosperm  has  passed 
over  in  the  former  case  before  germination  into  the  embryo ;  while  in  the  latter  case 
this  only  takes  place  during  the  process  of  germination.  The  presence  or  absence 
of  the  endosperm  in  ripe  seeds  is  more  or  less  constant  within  large  groups  of 
forms,  and  is  therefore  of  value  in  classification.  Of  the  better-known  families,  for 
example,  the  Compositae,  Cucurbitaceie,  Papilionaceie,  Cupuliferie  (the  Oak  and 
Beech),  &c.  are  destitute  of  endosperm.  Sometimes  also  the  embryo  increases  in 
size  to  such  an  extent  that  the  endosperm  appears  as  a  thin  skin  surrounding  it. 

We  must  now  recur  to  the  oospore  in  order  to  follow  the  formation  of  the 
Embryo.  The  cell-wall  of  the  oospore  coalesces  superiorly  with  the  wall  of  the 
embryo-sac  at  its  apical  swelling,  its  free  end  being  turned  towards  the  base  of 
the  ovule;   it  then  lengthens,  and  undergoes  one  or  more  transverse  divisions. 
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[A  row  of  cells  is  thus  formed,  from  the  lowermost  of  which,  usually  a  spheroidal 
cell  which  we  may  term  the  embryo-cell,  the  greater  part  of  the  embryo  is  in  most 
cases  formed;  but  in  many  cases  {in  many  Papaveracese  and  Caryophyllaceie,  in 
Asclepias,  Cuscula,  Nicotiana,  Viola,  and  others,  amongst  Dicotyledons,  and  com- 
monly among  Monocotyledons)  the  iwo  end  cells  of  the  row  form  the  chief  part 
of  the  embryo.  Hanstein  considered  that  the  presence  of  two  embryo-cells  was 
characteristic  of  Monocotyledons,  but  Hegelmaier  has  found  that  a  single  embryo- 
cell  occurs  in  this  group  {e.g.  Orniihogalum.  naiam),  and  that  two  embryo-cells 
frequently  occur  in  Dicotyledons,  as  mentioned  above.  The  upper  cells  of  the 
row  form  the  Suspensor.  In  some  cases  {Glaactum)  the  cells  of  the  suspensor 
undergo  longitudinal  divisions,  and  it  consists  consequently  of  several  rows  of  cells. 
Usually  the  lowest  cell  of  the  suspensor,  the  hypophysis,  contributes  to  the  forma- 
tion of  the  embryo.  In  the  Graminese  the  cells  of  the  suspensor  divide  and  form 
a  muldcellular  appendage  at  the  radicular  end  of  the  embryo  {Keimanhang,  Han- 
stein) ;  when  the  primary  root  begins  to  elongate  this  mass  of  cells  is  split  off  and 
it  forms  a  sort  of  sheath  {coleorhiza)  to  the  young  root.]  The  suspensor  usually 
remains  short  (Fig.  400) ;  sometimes,  as  in  Funkia,  its  basa!  eel!  swells  up  into  a 
globular  form  (Fig.  399) ;  in  other  cases  {as,  according  to  Hofmeister,  in  Loranlhus) 
the  oospore  lengthens  before  division,  and  penetrates  to  the  considerably  enlarged 
base  of  the  long  tubular  embryo-sac.  In  those  Dicotyledons  where  the  endosperm 
is  formed  only  at  certain  lower  parts  of  the  embryo-sac  by  division,  a  similar  elon- 
gation of  the  oospore  is  usual,  although  not  to  so  great  an  extent  {e.g.  Pedieularis, 
Calalpa,  Labiatas).  In  the  embryo-cell  a  longitudinal  or  only  slightly  oblique 
division-wall  first  of  all  makes  its  appearance,  indicating  the  commencement  of  the 
formation  of  the  embryo  (see  also  Fig.  15,  p.  18).  As  this  is  followed  by  rapidly 
repeated  divisions,  a  spherical  or  ovoid  mass  of  small-celled  tissue  is  produced,  from 
which  the  first  foliar  structures,  the  cotyledons,  subsequently  arise,  while  the  rudi- 
ment of  the  first  root  may  be  observed  in  the  differentiation  of  the  tissue  at  the 
boundary-line  of  the  suspensor  and  embryo.  The  first  cells  of  the  embryo  are 
not  unfrequently  disposed  as  if  they  had  resulted  from  oblique  divisions  of  an 
apical  cell  in  two  or  three  directions  (Fig.  400  C),  a  supposition  which  is  com- 
pletely supported  by  the  oblique  position  of  the  first  septum  in  the  embryo-cell; 
in  Rheum  I  also  found  the  apex  of  young  embryos  to  present  an  appearance  which 
suggested  the  existence  of  a  three-faced  apical  cell.  According  to  Hanstein's  new 
and  prolonged  researches,  the  process  is,  nevertheless,  different ;  he  asserts  that  the 
first  longitudinal  wall,  even  when  it  stands  obliquely  to  the  last  transverse  wall,  is 
still  in  the  median  plane  of  the  body  of  the  embryo  which  is  being  formed,  and 
is  frequently  at  right  angles  to  the  last  transverse  wall,  and  therefore  in  the  axis 
of  growth  of  the  suspensor '.     The  formation  of  this  median  longitudinal  wall  in 

'  The  descriplion  in  the  text  is  taken  from  Hanstein's  preliminary  publications  (Monatsberichte 
der  niederrhein.  Gesellsch,  ftir  Natur-  nnd  Heilkunde.  July  15  and  August  a,  1S69).  as  well  as  from 
more  detailed  communications  in  letters.  Professor  Hanstein  has  also  had  the  kindness  to  allow  me 
the  sight  of  a  number  of  diawings;  and,  with  his  permission,  the  figs.  402-405  are  copied  from 
them.  I  have  also  had  the  opportunity,  in  the  summer  of  1 869,  of  seeing  preparations  of  Hanstein's 
similar  to  Fig.  403.  Compare  also  Hanstein,  Botanische  Abhandlungen,  Heft  I,  for  a  more  detailed 
description  of  the  development  of  the  embryo  in  Monocotyledons  and  Dicotyledons.  [See  also 
Quart,  Joum.  Micr.  Soc.  1873.  p.  51.    The  following  arc  some  of  the  more  important  contributions 
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the  embryo-eell  completely  excludes  the  possibility  of  a  bi-  or  pluri-sertate  seg- 
mentation of  the  apical  cell.  We  learn  from  Hanstein  that  the  mode  of  formalion 
of  the  embryo  of  Monocotyledons  may  be  seen  remarkably  clearly  in  Alisma.  In 
Fig.  403,  //,  are  shown,  above  the  suspensor  v,  two  other  cells  a  (a  is  formed 
by  the  division  of  the  eel!  v  m  J)  and  c  lying  one  over  the  other,  the  last  of  which 
is  already  divided  by  a  longitudinal  and  a  transverse  wall  into  four.cells  arranged 
like  quadrants  of  a  sphere.  A  comparison  of  the  stages  //—  V  shows  that  the 
further  development  advances  first  of  al!  in  a  basipetal  direction,  A  cell  w  or  A, 
the  result  of  intercalary  division,  which  arises  at  the  end  of  the  suspensor  next  to 
the  embryo  a  c  already  formed,  is  especially  to  be  noted.  It  is  from  this  that  the 
root  is  subsequently  developed.  Hanstein  calls  it  and  the  tissue  which  proceeds 
from  it  the  hypophysis '.    Before  the  body  of  the  embryo  undergoes  any  external 


differentiation,  its  tissue  differentiates  into  a 
drawing-),  and  a  tissue  internal'  to  this;     h 


to  the  recent  literature  of  the  subject:   Fleische 
Dicotylen.  Flora,  1874.  — Hegelmaier,  Zur  Entw   It 
Vetgl.  Untersach.  ub.  Entwick.  dikotyledcmer  Keim 
Stuttgart,  i8;8.— Solms-Laubacli,  Ueb.  monocoty     1 
punkt,  Bot.  Zeitg.  1878.— 'Treub,  Sur  Tembtyog  a  q 

Westennaier,  Die    ersten  Zelltheiludgen  im  Embry  C  p 

Famintan,  Embryologische  Studien,  M^m.  de  I'Aca      Imp 
18  790 

'  [According  to  Famintzin,  the  Cell  10  or  A        d        ed 
division  of  the  cell  a :  this  being  the  case,  it  is  the  cell 
If  this  ia  so,  tbe  hypophysis,  in  Alisma,  contributes 
than  in  other  instances.     Possibly  this  explonatioi 
embryo-cells  are  said  to  be  present.] 


iich  must  be  regarded  a 
lore  largely  to  the  fonnatic 
may  be  applied  to  all  cas 


the  hjpophysis, 
I  of  the  embryo 
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dermatogen,  which  continues  to  grow  only  in  extent  and  divides  only  in  a  radial 
direction;  the  figures  If — VI  show  that  the  dermatogen  is  marked  off  from  the 
primary  cells  of  the  embryo  by  tangential  divisions  proceeding:  towards  the  base. 
The  inner  mass  of  tissue  soon  undergoes  further  differentiation ;  an  axial  string  of 
tissue  IS  produced  by  divisions,  especially  longitudinal,  forming  the  plerome  or  tissue 
which  subsequently  produces  the  fib ro -vascular  bundles ;  the  primar)'  meristem  lying 
between  the  plerome  and  the  dermatogen,  and  which  undergoes  copious  transverse 
divisions,  is  the  peiiblem,  t.  e.  the  primary  cortical  tissue.  At  the  same  time  that 
this  differentiation  of  tissue  is  first  indicated  in  the  upper  part  a  c  of  the  embryo, 
it  begins  also  in  the  hypophysis  &.  The  lower  layer  of  the  hypophysis  takes  no 
part  in  the  formation  of  the  dermatogen,  while  from  its  upper  layer  {in  VI)  is 
formed  a  prolongation  of  the  dermatogen  and  of  the  periblem  of  the  body  of  the 
embryo,  from  which,  as  will  be  explained  further  on,  the  root  is  developed  as  a 
posterior  appendage  of  the  embryo.  Hanstein  designates  the  apical  part  c  of  the 
embryo  the  cotyledon,  at  the  base  of  which  6  the  apex  of  the  stem  is  afterwards 
formed  laterally ;  the  cotyledon  is  apparently  developed  from  the  cells  c  in  //,  the 
apex  of  the  stem  and  its  hypocotyledonary  portion  (hypocotyl)  together  with  th-e 
upper  part  of  the  primary  root  from  the  cell  a  in  II.  But  if  this  apical  part  is 
really  the  cotyledon,  which  seems  to  me  to  be  not  yet  suflicienlly  established,  the 
cotyledon  cannot  possibly  be  a^  foliar  structure  (phyllome),  even  if  (as  in  Allium) 
it  subsequently  assumes  altogether  the  appearance  of  a  foliage-leaf. 

The  different  stages  in  the  development  of  the  embryo  from  the  oospore  are 
much  more  clearly  seen  in  Dicotyledons  than  in  Monocotyledons,  the  Grasses  in 
particular  among  the  latter  presenting  difficulties.  Hanstein  has  singled  out  Capsella 
Bursa-pasloris  for  detailed  description.  Fig,  403  shows  first  of  all  that  the  mass 
of  the  embryo  is  developed  from  the  spherical  apical  cell  of  the  suspensor  v,  and 
in  what  manner  this  takes  place ;  here  also  a  cell  h  of  the  suspensor  forms  the 
hypophysis  which  contributes  to  the  formation  of  the  primary  root  (radicle).  The 
spherical  primary  embryo-cell  divides  first  by  a  longitudinal  wall  i — i  (in  / — IV)\ 
[each  of  the  two  cells  thus  formed  is  then  divided  into  two  by  a  longitudinal  wall  at 
right  angles  to  the  first,  so  that  the  embryo  now  consists  of  four  ceils  which  are 
quadrants  of  a  sphere ;]  this  is  followed  in  each  of  the  quadrants  by  a  transverse 
division  a — 1,  so  that  the  body  of  the  embryo  now  consists  of  eight  cells  (octants 
of  a  sphere),  each  of  which  next  undergoes  a  tangential  division,  by  which  eight 
outer  cells  are  formed  as  the  rudiment  of  the  dermatogen,  and  eight  inner  central 
cells  (//).  While  the  first  only  multiply  by  radial  divisions,  the  inner  mass  of  tissue 
grows  in  dl  directions,  resulting  at  an  early  period  in  its  differentiation  into  plerome 
(III,  IV,  V,  shaded  in  the  drawing)  and  periblem.  The  mass  of  tissue  which  is 
produced  from  the  primary  embryo-cell  thus  increases  rapidly  by  the  multiplication 
of  its  cells,  and  two  large  protuberances  {V,  c  c),  the  first  leaves  or  cotyledons,  soon 
make  their  appearance  one  on  each  side  of  the  apex  {s) ;  the  apex  of  the  stem 
exists  for  the  present  only  as  the  end  of  the  longitudinal  axis  of  the  embryo ;  an 
elevated  mass  of  tissue,  the  vegetative  cone  of  the  stem,  is  not  formed  till  later,  deeply 
enclosed  between  the  cotyledons.  The  posterior  or  basal  end  of  the  axis  of  the 
embryo  after  the  differentiation  of  its  primary  meristem  into  dermatogen,  periblem, 
and  plerome  {II,  III,  IV),  is,  so  to  speak,  open,  as  long  as  this  differentiation 
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has  not  also  taken  place  in  the  h)pf>i)hysis  (A);  but  finally  it  takes  place  in  it 
also  and  m  such  a  waj  (as  is  shown  m  Fig.  403,  V)  that  the  upper  of  its  two 
cells  breaks  up  into  two  la)ers  (A)  the  outer  of  which  becomes  continuous  with 
the  dermatogen  of  the  a\is  while  the  inner  layer  forms  a  prolongation  of  the 
internal  axnl  tissue  The  lo«er  ctll  of  the  hypophysis  (A)  divides  cross-wise 
{V  6  seen  from  below)  and  mij  be  regarded  as  a  transitional  structure  between 
suspensor  and  root  (appendage  of  the  root)  or  as  the  first  layer  of  the  root-cap. 
The  root  cap  is  formed  m  this  case  simply  by  a  luxuriant  growth  of  the  dermatogen. 
The  dermatogen  which  elsewhere  remiins  simple,  and  passes  over  into  permanent 


tissue  in  forming  the  epidermis,  increases  in  thickness,  on  the  contrary,  where  it 
covers  the  punctum  vegetationis  of  the  root^  and  undergoes  repeated  periclinal  divi- 
sions {parallel  to  the  surface).  Of  the  two  layers  which  are  successively  formed 
on  each  of  these  occasions,  the  outer  becomes  a  layer  of  the  root-cap  (Fig.  404 
TO^,  and  Fig.  405,  2);  the  inner  remains  as  dermatogen  and  again  undergoes  the 
same  process.  This  dermatogen  which  covers  the  vegetative  cone  of  the  root 
behaves  therefore  like  a  layer  of  phellogen,  widi  this  difference,  that  the  cells 
produced  from  cork-cambium  become  at  once  permanent  cells,  while  those  of 
the  root-cap  remain   still  capable  of  division;    so  that  each  layer  split  off  as  it 
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were  from  the  dermatogen  forms  a  cap  consisting;  of  several  layers  of  cells,  its 
growth  being  most  active  in  the  centre,  and  diminishing  towards  the  periphery. 
The  splitting  of  the  dermatogen  into  two  lamellse  usually  progresses  from  the 
centre  towards  the  periphery  of  the  apex  of  the  root ;  in  the  secondary  roots  of 
Trapa,  Hanstein  and  Reinke  slate  that  the  reverse  is  the  case '. 

Lateral  roots  not  unfrequently  arise  in  the  embryo  even  before  the  ripening  of 
the  seed,  in  addition  to  the  primary  root  which  we  have  hitherto  alone  considered  ; 
as,  for  instance,  in  many  Grasses  and  some  Dicotyledons  (e.  g.  Impatiens,  according 
to  Hanstein  and  Reinke,  CucurUia  from  my  own  observations).  In  Trapa  natans 
the  primary  root  soon  becomes  abortive,  lateral  roots  arising  at  an  early  period  from 
the  hypocotyledonary  portion  of  the  axis, 

Hanstein  and  Reinke  stale  that  the  lateral  roots  of  Angiosperms  have  their 
origin  in  the  pericambium,  in  Nageli's  sense  of  the  term  I     Their  development  was 


found  in  several  plants  to  harmonise  with  this.  In  Trapa  natans,  for  example,  it  is 
as  follows  :— A  group  of  cells  of  the  pericambium,  which  consists  of  only  one  layer, 
divides  radially;  the  newly-formed  cells  elongate  in  the  same  direction,  and  then 
divide  tangentially ;  the  outer  of  the  two  layers  produces  the  dermatogen,  (he  inner 
the  body  of  the  root.  The  dermatogen,  pushed  outwards  by  the  development  of  the 
body  of  the  root,  produces  the  root-cap  in  the  way  already  mentioned;  the  tissue  of 
the  body  of  the  root  itself  which  is  covered  by  it  becomes  differentiated  into  plerome 


and  periblem.  The 
Grasses.  Hanstein 
ginates  the  growth, 
law  of  growth.' 

The  variation 


process  takes  pi; 
id  Reinke  do  not-  find 
in  Crj'ptogams, 


Pistia,  and  probably  also  in 
id  'anywhere  an  apical  cell  which  ori- 
a  group  of  cells  which  obey  a  common 


3  of  the  embryo  in  the  ripe  seed  of  Angiosperms  has 


'  [See  the  account  of  the  apical  growths  of  rooi 
is  given  in  the  Appendix.] 

'  Compare  wliat  was  said  on  Fig.  125,  p.  167. 


i  and  of  tlie  development  of  lateral  roots  which 


vGooqIc 


ANGIOSPERMS.  593 

alreadj  been  mentioned  when  bpealiing  of  the  endosperm  The  external  differ- 
entiation sometimes  goes  no  further  than  the  rudiment  of  the  root  (radicle)  at  the 
postenor  end  of  the  stem  of  the  embrjo,  and  the  cotjledons  {e  g.m  CucurUta, 
Hehanlhus,  Album  Cepa  &c),  between  which  lies  the  naked  punctutn  vegetaiionis. 
But  frequently  thi&  latter  undergoes  further  growth  before  the  seed  is  ripe,  and 
produces  additional  foh-ir  structures  (as  m  Grasses,  Phaseolus,  Fala,  Quercus,  Amyg- 
dalus,  &c  ),  which  are  then  included,  m  the  ordinary  nomenclature  under  the  term 
Plumule,  but  do  not  unfold  until  the  germination  of  the  seed  The  systems  of 
tissue  are  usmlly  sufficientlj  clearly  differentiated  as  such  at  the  period  of  maturity 
of  the  seed,  but  the  different  forms  of  permanent  tissue  do  not  become  developed 
till  later,  dunng  germinition  A  strikin;;  exception  to  this  advanced  development 
of  the  }oung  plant  withm  the  npenmg  seed  is  affoided  bv  pari&itea  and  saprophytes 
destitute  of  chlorophjll,  but  especiallj  bj  Orchide-e  In  them  the  embryo  remains 
until  the  seed  is  ripe  aa  a  small  round  body  consisting  sometimes  of  only  a  few 
cells,  without  anj  e\ternal  differentntion  into  stem,  lea\es  and  root;  this  takes 
place  only  after  germination,  and  even  then  sometimes  quite  imperfectly. 

PolytJiibr^ony  and Parlhtno^tfusis'^  In  a  feu  cises  [lolyembryony,  that  is  the 
presence  of  more  than  one  embrjo  in  a  single  seed,  has  been  found  to  occur  in 
Angiosperms,  but  it  is  brought  about  m  a  way  which  is  ^eiy  different  from  that 
in  which  as  we  have  seen,  it  is  caused  in  Gjmnosperms  It  was  thought  by 
Hofmeister  that,  in  (he  cases  which  he  investigated  {Funha  carulea,  Scabiosa, 
Citrus),  a  number  of  oospheres  were  formed  m  the  parietal  protoplasm  of  the  embryo- 
sac,  and  that  these  were  fertilised,  but  that  of  the  large  number  of  rudimentary 
embryos  thus  formed,  which  is  very  considerable  espe:,i\lly  m  C/lrus,  only  a  few 
become  fully  developed  [This  subject  has  been  carefull>  mveatigated  by  Stras- 
burger,  and  he  has  lound  that  these  embryos  are  not  formed  from  oospheres,  but 
are  developed  as  outgrowths  from  the  cells  of  the  nucellus  which  bound  the  embryo- 
sac  In  some  cases  {Funha,  Nothoscordum  fra^ians,  Cilrui)  it  appeared  as  if  this 
adventitious  development  of  embrjos  were  dependent  upon  the  fertilisation  of  the 
oosphere,  a  development  of  in  embrjo  from  the  oospore  in  addition  to  the  ad- 
ventitious development  of  embryos  from  the  nucellus,  was  only  observed  iu  Citrus. 

CceUbogyne  ilia/oha  has  long  been  known  as  a  plant  with  polyembryonic  seeds 
and  it  has  been  observed    1        hsefl  d  (ddhpU 

of  the  female  flower.    Itw  Iddhlpl  fph 

genesis,  that  is,  of  the  d      1  pm  f  mb  y     f  f      1     d        ph 

Strasburger  has  found  tha  m  mb  d      1  p  1   d  ly       h 

manner  described  above :  f  P     'i       g  ] 

Development  of  the  S    i      id  F  hlh  ipm         dmby 

becoming  perfectly  formed  hmby  ghp  d  !y  h 

ovule  but  also  in  the  wall     f    1  hi  S  h  f    m  d 


•  [Hofmeister,  Die  Lehre  von  der  PflanienzeUe,  1867,  p.  114.— Braun,  Ueber  Partheuogenesls 
bei  Pflaneen,  Berlin  185J ;  id.,  Ueber  Polyembryonie  und  Keimnng  von  delebogyne,  Berlin  i86a. — 
Braun  und  Haostein,  Die  Parthenogenesis  der  Ctelebogyie  ilicifalia,  in  Hanslein's  Botanische  Abhand- 
lungen.  III,  1877.— Strasburger,  Ueber  Befruchtung  und  Zelltheilung,  i8;S.  See  also  the  section  on 
Partlienogeiiesis  in  Book  III.] 

Q  q 
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at  the  expense  of  the  whole  or  part  of  the  cellular  layers  of  the  ovular  integuments ', 
and  presents  extreme  diversities  in  its  structure,  the  ovule,  together  with  its  contents 
which  have  resulted  from  fertilisation,  becomes  the  Seed.  The  wall  of  the  ovar}', 
the  placenlEe,  and  the  dissepiments,  not  only  increase  in  dimensions,  but  undergo 
the  most  various  changes  of  external  form  and  still  more  of  internal  structure. 
Together  with  the  seeds  they  constitute  the  J^'ruii.  The  transformed  wall  of  the 
ovary  now  takes  the  name  of  Pericarp;  if  an  outer  epidermal  layer  is  specially 
differentiated  it  is  called  the  Epicarp,  and  the  inner  portion  the  Endocarp  ;  while  a 
third  layer,  the  Mesocarp,  frequently  lies  between  these  two.  A  number  of  typical 
kinds  of  fruit  are  distinguished  according  to  the  original  form  of  the  ovary  and  the 
structure  of  its  tissue  when  ripe,  the  nomenclature  of  which  will  be  given  in  the 
sequel.  But  sometimes  the  long  series  of  deep-seated  changes  induced  by  fertilisa- 
tion extends  also  to  parts  which  do  not  belong  to  the  ovary,  and  even  to  some 
which  have  never  belonged  to  the  flower.  But  as  they  are  part  of  the  fmit  from 
a  physiological  point  of  view,  and  are  usually  associated  with  it  as  a  whole,  while 
sharply  differentiated  from  the  rest  of  the  plant,  a  structure  of  this  kind  (such  as 
the  Fig,  Strawberry,  and  Mulberry)  may  be  termed  a  Pseudocarp. 

A  jdhhf  g  1  dbm      detached 

from  il  fhpl  hdl  pf  dh  fruit ;  and 

this  ishpdfm  jl  jp  whlpldd         when  the 

fruit  is     pad     pi  fhd        pn  md  a^(bn    fruit  only 

once).     M  p      |]  m  y  b      1  h  d    n       h  h    h  fru     fy  in  the 

first  p        ifg        o(«i/plts)h  hhd  II    h  ond  year 

ibienm  /  pi  n   )       d  fi     Il>  11     f  1  1    g         mb        f  periods  of 

vegeta         (m  n      rp     ^  /pi  Ag  )      M        A  giosperms 

are  \M:>\'i^\t:t  po/ymrfiu  ,  i.e.  the  vital  power  of  the  mdividual  is  not  exhausted  by  the 
ripening  of  the  fruit ;  the  plant  continues  to  grow  and  periodically  fructifies  afresh, 
or  is  polycarpic  and  perennial. 

I.  The  InJIoTeicence'.  It  is  comparatively  rare  for  the  flowers  of  Angiosperms  to 
arise  singly  at  the  summit  of  the  primary  shoot  or  in  the  axils  of  the  leaves ;  peculiarly 
developed  branch-systems  are  much  more  commonly  produced  at  the  end  of  the 
prinfiary  shoot  or  in  the  axils  of  its  foliage -leaves,  which  usually  bear  a  considerable 
number  of  flowers  and  are  distinguished  by  their  collective  form  from  the  rest  of  the 
vegetative  body;  in  polycarpic  plants  these  may  even  be  thrown  off  after  the  ripening 
of  the  fruit.     Such  a  sjstem  of  branching  is  termed  an  I  Jlore  ce  The  habit  of  the 

.,  inflorescence  does  not  depend  merely  on  the  number  for  and  s  ze  of  the  flowers  which 
it  bears,  but  also  on  the  length  and  thickness  of  the  branches  of  d  (Terent  orders,  as  well 
as  on  the  degree  of  development  of  the  leaves  fron  the  axis  ol  »h  ch  the  branches 
spring.     These  leaves  are  generally  much  simpler  i    forn    and  smaller  than  the  foliage- 

'  [From  the  very  extensive  recent  literature  ou  the  stractu  and  d  loj.mc  t  of  the  seed-coats 
the  following  may  be  cited ;  Lohde,  Ueb.  d.  Entwickelungsgeschichte  und  den  Bau  einiger  Sameii- 
schalen.Scheult'sMittheilungen,  II,  1875. — Sempolowski,  Beitr.i.  Kennt.des  Baues  der  Samenschale, 
Leipsig,  1874, — Hegelmaier,  Ueb.  Bau  und.  Entwickehing  einiger  Cuticulai^ebilde,  Jahrb.  f.  wiss. 
Bot.  IX,  1874.— Chatin,  Le  dSv.  de  I'ovule  et  de  la  grame,  Ann.  de  Sci,  Nat.  ser.  5,  t,  XIX,  1874.— 
voo  Hohnel,  Morphol.  Unlets,  ub.  die  Samenschalen  der  Cucurbit aceen.  Sitzber.  d.  Wien.  Akad. 
LXXIII,  1876.— Haberlandt,  Entwick.und  Bau  der  Samenschale  von  Pkasiolia,  ibid.  I.XXV,  1877,] 

'  [See  also  Eichler,  Bluthendiagramme,  I,  and  Asa  Gray,  Structural  Botany,  1880.] 
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leaves;  frequently  coloured  {i.e.  not  green)  or  altogether  colourless.  They  are  dis- 
tinguished as  Hypsopliyllary  Leaves  or  Bractj;  and  in  this  term  are  fi-equently  included 
the  small  leaves  which  spring  irom  the  pedicels  and  which  often  have  no  axillary  shoots 
{Bracteokj).  Leaves  of  this  kind  are  sometimes  entirely  absent  from  the  inflorescence 
or  from  certain  parts  of  it ;  the  ultimate  floral  axes  or  pedicels  of  the  flowers  are  then 
not  axillary,  as  in  AroideK,  Crucifers,  &c.  , 

A  large  number  of  different  forms  of  inflorescence  may  arise  by  the  combination 
in  different  ways  of  the  determining  characters  already  mentioned.  Each  form  is 
constant  in  the  same  species,  and  is  often  characteristic  of  a  whole  genus  or  family  ; 
hence  the  form  of  the  inflorescence  often  not  only  determines  the  habit  of  the  plant, 
but  is  also  of  value  to  its  systematic  classification. 

The  most  convenient  basis  for  the  classification  of  the  forms  of  inflorescence  is  the 
mode  of  branching.  This  is  less  variable  than  the  other  features,  and  can  be  i-eferred 
to  a  few  types ;  it  also  affords  distinctive  characters  for  the  principal  groups,  which 
might  then  be  further  sub-divided  according  to  the  length  and  thickness  of  Che  separate 
axes  and  other  points. 

With  reference  lo  the  mode  of  branching,  the  first  point  to  observe  is  that  every 
inflorescence  originates  from  the  normal  terminal  branching  of  a  growing  axis;  the 
mode  of  branching  is  always  monopodia!  in  Angiosperms  with  the  exception  of  the  cases 
mentioned  under  Division  14;  i.e.  the  branches  arise  laterally  beneath  the  apex  of 
the  growing  mother-shoot.  .  If  the  leaves  on  this  shoot  (the  bracts)  are  conspicuously 
develofwd,  the  lateral  axes  arise  in  their  axils;  if  they  are  inconspicuous  or  abortive,  the 
lateral  axes  of  the  inflorescence  are  not  indeed  axillary,  but  their  mode  of  branching  and 
growth  remain  the  same  as  if  the  bracts  were  present ;  and  it  is  usual,  in  framing  the 
divisions,  not  to  lay  great  stress  on  this  circumstance  (see  p.  176).  But  the  presence  of 
bracts  is  of  great  practical  value,  since  it  assists  in  the  recognition  of  the  true  mode  of 
branching  even  in  the  mature  inflorescence,  inasmuch  as  the  axillary  shoot  is  always 
lateral.  When  the  bracts  are  absent  it  is  often  diffioilt  to  distinguish  a  lateral 
from  a  primary  axis,  since  the  former  often  grows  as  vigorously  as  the  latter,  or  even 
more  so.  In  Section  24  of  the  chapter  on  Genera!  Morphology  (p.  169  ft  seq.)  the 
principles  have  been  laid  down  according  to  which  the  various  systems  of  branching 
may  be  generally  classified;  these  will  serve  also  in  every  respect  for  inflorescences, 
and  form  the  basis  of  the  characters  of  the  larger  groups  in  the  following  classifica- 
tion. Of  the  great  number  of  separate  forms  of  inflorescence  only  the  more  common 
ones,  a  nomenclature  for  which  is  already  provided  in  systematic  botany,  will  be 
enumerated '. 

A.  Ilacemose  (monopodlal),  Centripetfil,  or  Indefinite  Infloreaoencaa,  in  the 
widest  sense  of  the  terms,  result  from  the  primary  axis  or  rachis  of  the  branching  system 
producing  a  larger  or  smaller  number  of  lateral  shoots  in  acropetal  succession;  the 
capacity  for  development  of  each  lateral  shoot  being  smaller,  or  at  least  not  greater, 
than  that  of  the  portion  of  the  primary  axis  which  lies  above  it. 

a.  SpicaU  Infioreicencei  arise  when  the  lateral  axes  of  the  first  order  do  not  branch 
and  are  all  floral  axes;  the  rachis  terminates  with  or  without  a  flower, 
(a)  Splcate  Inflorescences  with  elongated  rachis ; — 

1.  JbeSpike;  Flowers  sessile;  rachis  slender  (as  in  some  Grasses). 

2.  TheSpadix:  Flowers  sessile  ;  rachis  thick  and  fleshy,  usually  enveloped 

in  a  large  spathe  ;  bracts  generally  undeveloped  (Aroide^). 

3.  TheRactme:  Flowers  distinctly  Stalked  {e.g.  Gruciferce,  without  bracts ; 

Berberii,  Men^unthes,  Campaaala,  rachis  terminating  in  a  flower). 


as  in  Ascberson's    Flora   of    the    Pro 
line  Morphologie,  J  ;, 
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0)  Spieate  inflorescences  with  abbreviated  rachis : — 

4.  TiK  Capitulam :  Rachis  conical  or  tubular,  or  even  hollowed  out  like  a 

cup;  flowers  sessile;  bracts  frequently  absent  {Composite,  Dipsa- 

5.  The  Simple  Umbel:  Flowers  stalked  and  springing  from  a  very  short 

rachis  {e.g.  the  Ivy). 
h.  Panicled  h^orescencss  arise  when  Uie  lateral  axes  of  the  first  order  again  branch 
and  produce  axes  of  the  second  and  higher  orders ;  every  asis  or  only  those 
of  the  last  order  may  terminate  in  a  flower;  the  capacity  for  development 
usually 'decreases  from  below  upwards  both  on  the  lateral  and  on  the  pri- 
mary axis. 
(q)  Panicled  Inflorescences  with  elongated  axes  :— 

6.  Ihe  true  Panicle :  Axes  and  pedicels  elongated  {Crambe,  Grape-vine), 

7.  The  Compound  Panicle  made  up  of  Spiies :  The  elongated  lateral  axes 

bear  sessile  flowers  {Veratrum,  Spiriea  Aruncui,  the  '  ears '  of  Wheat, 

Rye,  &c.). 
{p)  Panicled  Inflorescences  with  abbreviated  axes : — 

S.  Compact  spike-like  Panicle.-  The  very  short  Jateral  axes  are  arranged 

on  an  elongated  primary  rachis  (the  'ears'  of  Barley,  Ahpecurus. 

&c.). 
9.  The  Compound  Umbel :  The  very  short  rachis  bears  a  densely  compact 

umbel  of  secondary  (partial)  umbels  usually   with  long   stalks  {ef. 

No.  5) ;  if  the  compound  umbel  is  surrounded  by  a  whorl  of  leaves 

thisiscalled  the  Jniio/ufre;  a  similar  whorl  surrounding  the  secondary 

umbel  is  an  In-volucel  (secondary  involucre) ;  one  or  both  may  be 

absent ;  [most  UinbelliferLc). 

B.  Cyinose,  Centrifligal,  or  Definite  Inflorescences  result  from  the  primary 
axis  branching  beneath  the  first  flower  in  such  a  manner  that  each  lateral  axis  itself 
terminates  in  a  flower,  after  producing  one  or  more  lateral  axes  of  a  second  order  which 
in  their  turn  terminate  in  flower.';  and  continue  the  system  in  this  manner ;  the  develop- 
ment of  each  lateral  shoot  is  stronger  than  that  of  the  primary  axis  beyond  the  point  of 
origin  (see  Figs.  134-136,  pp.  178-180). 

a.  Cymoie  Inflorescences  iDttbout  a  Pseud-axis  :  Two  or  more  lateral  axes  are  de- 
veloped beneath  each  flower,  terminating  in  flowers ;  lateral  axes  of  a  higher 
order  continying  the  system  in  the  same  manner. 

10.  the  Anthela :  An  indefinite  number  of  lateral  axes  are  produced  on 

each  axis,  and  overtopping  the  primary  axis  develope  in  such  a 
manner  that  the  entire  inflorescence  does  not  acquire  any  definite 
shape  {e.g.  Juncus  lamprocarpus,  tenuis,  alpinui,  and  Gerardi,  Lu%ula 
nemorosa,  &c.^).  The  anihela  of  these  genera,  as  well  as  oi  Scirpus 
and  Cyperus,  exhibits  a  number  of  different  transitional  forms  to  the 
panicle  and  even  to  the  spike,  and  on  the  other  hand  to  the  formation 
of  cymose  inflorescences  with  pseud-axes,  e.g.  in  Juncus  bu/aniui. 
The  inflorescence  of  Spiro'a  Ulmaria  is  included  in  this  form  by 
myself  and  others, 

1 1.  The  Cymose  Umbel :  A  whorl  of  three  or  more  equal  axes  springs  from 

the  primary  one,  secondary  whorls  of  lateral  axes  being  again  pro- 
duced from  it,  and  the  process  being  then  again  reputed  (see 
Fig.  148).     The  whole  system  resembles  a  true  umbel  in  habit; 

'  Compare  the  careful  deseriplion  by  Bucheiiaii  in  Jahrb.  fur  wissenseh.  Bot,  IV,  p.  393  (/  sfj. 
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very  good   examples  are  afforded  by  several  species  of  Euphorbia, 
especially  E.  Latbyris  and  bdioicopia.      This  form  of  cyme  is  not 
essentially  distinct  from  the  nest,  and  in  the  highest  orders  of 
branching  commonly  passes  into  it ;  in  Per'iploca  grteca,  for  example, 
even  in  the  first  ramification. 
13.  The  Dicbauum :  Each  primary  axis  terminating  In  a  flower  produces 
a  pair  of  opposite  or  nearly  opposite  lateral  axes,  which  in  their  turn 
produce  pairs  of  the  second  order,  and  so  on.     The  whole  system 
appears  as  if  composed  of  bifurcations,  especially  after  the  older 
flowers  have  fallen  off;  as  m  Euphorbia,  many  Silenese,  some Labiajfe, 
Ac.     The  dichasium  easily  passes,  in  the  first  or  a  succeeding  order 
of  lateral  axes,  into  3  sympodial  mode  of  development. 
b.  Cj/moie  Inflorescences  ivith   a   Pseud-axis  (Sympodial  Inflorescences).     Each   axis 
which  terminates  in  a  fiower  bears  only  one  lateral  axis  of  the  next  order. 
The  basal  portions  of  the  consecutive  orders  of  axes  may  lie  more  or  less  in 
a  straight  line,  and  may  become  thicker  than  the  flower-stalt  (above  the 
branching).     A  pseud-axis  or  sympodium  may  thus  become  either  straight  or 
curved  first  in  one  direction  and  then  in  another,  the  flowers  appearing  to  be 
produced  on  it  as  lateral  shoots  (see  Fig.  136,  A,  B,  D,  p.  180).     If  the  sym- 
podium is  clearly  developed,  it  resembles  a  spike  or  raceme,  from  which 
however  it  is  easily  distinguished  when  bracts  are  present  by  their  being 
apparently  opposite  to  the  flowers  (as  in  Heliaitthemum) ;   but  displacement 
not  unfrequently  causes  it  to  assume  a  different  form  (as  in  Sedam). 

13.  The  Vmlateral  Helicaid  Cyme  (Bostryx)   is  a  sympodial  cyme  in  which 

the  median  plane  of  each  of  the  successive  axes  which  constitute  the 
system  is  always  situated  on  the  same  side,  whether  right  or  left, 
with  respect  to  the  preceding  one  (see  Fig.  136,  D)  •  as  for  instance, 
in  the  primary  branches  of  the  inflorescence  of  HemerocalUs  fuliia 
ajidfla-va,  and  in  the  partial  inflorescences  of  Hypericum  perforatum 
which  are  themselves  arranged  in  a  panicle.    (Hofmeister.) 

14.  The  Unilateral  Scorpiaid  Cyme  (Cicinnus)  is  one  in  which  the  successive 

axes  arise  alternately  to  the  right  and  left  of  the  preceding  one 
{Fig.  136  A),  as  in  Heliantbemum,  Drosera,  Tradcjcantia,  and  Scilla 
bifolia,  (Hofmeister.)  The  inflorescence  oi  Echeveria  belongs  also 
to  this  kind  of  originally  monopodial  sympodium ;  the  mature  cyme 
has  a  pseud-asis  on  which  the  flowers  are  placed  opposite  the 
leaves.  While  the  summit  of  each  successive  axis  is  converted  into 
a  flower,  a  lateral  axis  arises  in  the  axil  of  the  subtending  leaf.  This 
lateral  axis  developes  further,  forms  a  new  leaf  in  a  plane  nearly  at 
right  angles  to  the  last,  and  becomes  transformed  into  a  flower, 
while  a  lateral  axis  appears  in  the  axil  of  its  leaf  which  continues 
the  development ;  the  leaf  which  arises  on  this  axis  is  in  the  same 
plane  as  the  last  but  one.  (Kraus.) 

The  inflorescences  of  the  Boraglneae  and  Solanace^  differ  both  in  their  mode  of 
development  and  in  their  external  appearance  from  the  plan  described  in  B  b.  Kaufmann 
has  already  stated'  that  the  inflorescence  of  srane  BoraginCie  is  the  result  of  repeated 

'  Kaufrnanc,  Bot.  Zeitg.  1869,  p.  886  [and  Nonv.  Mem.  de  la  Soc,  Imp.  des  Nat.  de  Moscow. 
XIII,  p.  248].  [Kaufmann's  observations  have  been  confirmed  by  Wanning  (Ramificalion  des 
Phanirogames,  i8ja),  by  Pedersen  (,Bot.  Tidskrifl,  1873).  and  by  Kraus  (Bot.  Zeitg.  1871)  in  so 
iar  as  bracteate  scoipioid  cymes  are  concerned.  (See  also  Wydler,  Zur  Morph.  d.  dichotomen 
Elilthenstande,  Jahrb.  f.  wiss.  Bot.  XI,  1878).  Warming  considers  that  dichotomy  also  occurs  in 
naked  scorpioid  cymes,  but  Krans  states  that  Ihese  are  iixnopodial,  and  Warming  admits  that  lateral 
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In  the  older  systems  ot  nomenclature  a  number  ot  other  terms  are  given  to  various 
forms  of  inflorescence,  such  as  glomerulus,  corymb,  &c. ;  but  they  all  designate  merely 
the  habit  or  external  form  of  the  system,  and  must  be  referred,  in  a  scientific  description, 
to  one  or  other  of  the  above  forms  or  to  combinations  of  them. 

a.  With  regard  to  the  Change  in  the  Made  af  Branching  accompanying  the  transition 
from  the  vegetative  to  the  fioral  region  of  a  shoot,  Warming  gives  some  very  valuable 
information  in  his  Reeherches  sur  la  ramification  des  Phanerogames  (Kopenhagen  1872), 
from  which  it  appears  that  the  numerous  cases  of  extra- axillary  branching  in  in- 
florescences can  be  referred  to  axillary  branching  as  the  typical  mode.  He  lays  it  down 
that  the  axillary  branch  with  the  corresponding  leaf  are  to  be  regarded  as  a  whole,  one 

branching  usually  takes  place  in  weak  inflaresccnces.  Goebel  (Arb.  d.  Hot.  Inst,  in  Wijribnrg,  II, 
1880)  finds  not  only  that  Kraus'  account  of  Che  development  a\  the  inflqrescenc;  of  Myosotis  and  of 
Selialrofiiiin  isaocurale,  but  thai  it  applies  also  to  that  of  Symphyf  urn  offidnale.Anchasa,  Ceriiuhe,  Borago, 
Cynoglossiita,  Echium  vulgare,  Lilhospernaim  arvense  and  Caryolopha  lempeniirem;  the  development  of 
the  flowers  is  lateral  also  in  Hyo^cyanms  itiger,  Klug  a  ''.oloniana  and  la  Hiliantheimim.  Goebel' s  con- 
clusions have  been  combated,  by  Celakovsky  (Flora  i860  Ittnnstbe  borne  in  mind  that  dichotomons 
and  lateral  branching  are  not  absolutely  distinct  forms  but  that  they  are  connected  by  intermediate 
conditions,  so  that  they  gradually  merjje  one  into  tht  other  (See  also  Henalow,  On  the  Origin  of 
the  so-called  Scorpioid  Cyme,  Trans.  Linn.  Soc  i'*8o  and  the  History  of  the  Scorpioid  Cyme, 
Journ.  of  Botany,  188 1.}] 


vGooqIc 


ANGIOSPERMS.  599 

part  of  which— th     If—       th       th       p    t— th     b         h  —  b     d       1  ped         1 

than  the  other  It  I5       th    t  I  pi  t  ly  th        t      It 

evident  in  the      g  t  t  j,       th  t  th       bt    d    g  1    f    1     )  first       d  d 

velopes  more  atljtbg  thtjlthth         rrpodgb         hlh 

only   becomes     pp         t  wh  m         y       fe  1  h  b         th     i     f 

in  question.      (Fg         9  )Imyfl  thdlp        tfthit 

precedes  that  of  th  11  y  b  h  by  m  h  h  t  t  1  a,  n  th  p  kes  d 
racemes  oi  An  rpl      SI       R  db   k       L  p  V  Dg     t      Ob      D  Iph 

In  the  developn      t    f    th         fl  reic  n        th         llybnh  frmdmdtlj 

after  their  subtending  leaves,  so  that  no  rudimentary  leaf  intervenes  between  the  apex 
of  the  shoot  and  the  youngest  axillary  branch  [Plantago,  Orchis,  Eplpactis).  Sometimes 
leaf  and  branch  arise  simultaneously,  as  in  the  Graminese,  Cytims,  Trifolium,  Orchh, 
Plaatago,  Ribej.  Or  again,  the  axillary  branch  is  formed  first,  before  its  subtending 
leaf,  in  which  case  the  leaf  attains  only  a  slight  development,  its  presence  being  merely 
indicated  as  in  Shymbrium,  Braisica  and  other  Crucifer^,  UmbellifersE,  Antbemis, 
Valeriana,  Asclepiadea:,  Bryoma,  Cucumh.  Or  the  subtending  leaf  may  not  make  its 
appearance  at  all,  and  no  bracts  are  developed,  as  in  many  Cruciferie  (Fig.  132), 
Compositic,  Gramine^,  Umbellifer^,  PapilbnaceK,  Cucurbitacea:,  Asperifolieae,  SolanciE, 
Hydrophyllex,  Sasifragese,  Potamogetones.  In  all  these  inflorescences  the  youngest 
buds  are  nearer  to  the  apex  of  the  parent  shoot  than  any  foliar  organs  in  so  far  as  these 
have  been  developed,  but  the  branching  must  not  on  this  account  be  regarded  as 
dichotomous.  A  dichotomy  of  the  parent  shoot  only  takes  place  when  a  vigorous 
branch  is  developed  so  near  to  the  apes  that  a  continuation  of  the  direction  of  growth  of 
the  shoot  is  rendered  impossible,  its  apex  apparently  dividing  into  two  or  more  apices. 
According  to  Warming  this  Is  the  case  in  Hydrocharis,  FalHineria,  the  Asclepiadese,  the 
scorpioid  cymes  of  the  Solaneie,  Asperifoliea:,  Hydrophyllea-,  Cistace^  and  many 
CucurbitacesE,  This  tendency  to  dichotomise  shown  by  plants  the  vegetative  parts  of 
which  branch  in  a  lateral  axillary  manner  is  doubtless  connected  with  the  suppression 
of  the  development  of  leaves  in  the  inflorescences,  and  this  is  confirmed  by  the  fact  that 
the  tendrils  of  Viih  and  Cucurblta,  on  which  the  development  of  leaves  is  rudimentary, 
exhibit  the  same  tendency. 

The  axillary  branches  of  the  vegetative  region  are  usually  so  placed  that  they  arise 
both  from  the  basis  of  the  leaf  and  from  the  tissue  of  the  stem ;  but  it  sometimes 
happens  that  the  branch  is  entirely  transferred  to  the  stem  and  becomes  isolated  from  the 
leaf.  In  the  floral  region,  on  the  other  hand,  it  not  unfrequently  happens  that  the  axillary 
branch  (the  inflorescence)  arises  solely  from  the  leaf,  as  in  Hippurb  (Fig.  1 19),  Amarpba, 
Salix  nigricans.  If,  however,  the  subtending  leaf  (bract)  is  developed  later  than  the  axil- 
lary branch  (inflorescence),  it  may  arise  from  it,  so  that  the  leaf  has  no  direct  connection 
■with  the  parent  shoot,  but  appears  to  be  the  first  lowest  leaf  of  the  lateral  branch ;  this 
is  the  case,  according  to  Warming,  in  Anthemis,  Shymbrium,  Umbellifer^,  and  to  a  slight 
degree  in  Papilionacese,  Orchidea;,  ValerianeDE  and  others  These  relations  are  usually 
evident  at  the  earliest  stage  of  development  b  t  f  q  ntly  tl  bt  nding  leaf  is  found 
upon  the  axillary  branch  in  the  mature  l     d  t         as        Tbe  bractiatam,  Samolm 

Falerandi,  Boraginetc,  Solanex,  Crassulac  £  Sp  a  L  n  th  x  Ipomma  bona  nox, 
Aga-ve  americana,  Rula,  Paliurus,  Tilia  (in  h  h  th  ppl  t  th  large  bract  of  the 
inflorescence),  and  others. 

3.  Number  and  Relative  Position  of  the  P  f    h     FI  J     t  as  the  forms  of 

branching  of  the  inflorescence  are  usually  d  ff  t  f         th         f  the  vegetative  stem, 

the  arrangement  of  the  leaves  of  Angiosper  Iso          Ily  d  ft         t  on  the  shoot  which 

constitutes  the  flower  from  that  on  other  p  rt  t  th    sa       pl    t      The  cessation  of 

the  apical  growth  of  the  receptacle,  its  gre  t  b       iti            ven  hollowing  out, 

before  and  during  the  time  when  the  peria  th  d    h            1      g       are  being  formed, 

'  [See  Eichler,  Bl    h     1         m       ] 
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influences  their  order  of  succession  and  their  divergence  from  one  another.  But  since, 
notwithstanding  the  extraordinary  variation  of  the  other  relations  of  Ibrm,  the  true 
position  of  the  floral  leaves  varies  but  little — though  it  may  often  bediflicult  to  determine 
■^the  knowledge  of  this  position  is  often  of  great  importance  in  the  determination  of  the 
affinities  of  the  species,  and  hence  for  purposes  of  classification.  This  is  especially 
the  case  if  we  at  the  same  time  take  into  account  the  abortion  of  individual  membeis 
which  is  here  of  so  common  occurrence,  the  multiplication  of  the  parts  which  take  place 
under  certain  circumstances,  and  their  branching  and  cohesion. 

In  order  to  facilitate  a  description  of  these  relationships,  it  is  necessary  to  explain 
certain  terms  and  methods  of  description, 

Ithfitpl         t  prtttd  note  the  position  of  all  the  parts  of  a  flower 

w  th    esp    t  t     th  th  f  th    floral  shoot.     For  this  purpose  the  side  of  the 
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t  h  If       d  p  rt    which  are  longitudinally  bisected  by  it  are 

Th    t       pl  h   h  bisect  the  right  angle  between  the  median 

m  >  b        II  d  /  ^    al planes,  and  the  parts  which  are  bisected  by 
th        b         d         h  d   g       I  pos  t      ,     Flowers  usually  have  some  of  their  floral 

g         pl      d  tly  p    t         ly  teriorly,  r.ot   so   commonly  exactly  right   and 

I  ft  tly  d    g       lly      b  t  II)     ther  additional  terms  must  be  used,  such  as 

bl  q     ly  post  bl  q     ly      t 

If  next  the  position  of  the  parts  of  the  flower  with  respect  to  one  another  be  ex- 
amined, their  arrangement,  as  has  already  been  mentioned,  is  either  jfiral  or  ■verticillate. 

Flowers  with  a  spiral  arrangement  of  their  parts  are  comparatively  rare,  and  appar- 
ently occur  only  in  certain  orders  of  Dicotyledons  (Ranunculacese,  Nymph Eeace«e, 
Magnoliacex,  and  Calycanthaeeje}.  Braun  has  termed  such  flowers  aiydic,  when  the 
transition  from  one  foliar  series  to  another,  as  from  calyx  to  corolla  or  from  corolla 
to  stamens,  does  not  coincide  with  a  definite  number  of  turns  of  the  spiral  (as 
NymphxacCiC  and  HelUboruj  odarus) ;  hemicyclic  when  it  does  so  coincide.  This  latter  term 
may  also  be  employed  when  some  of  the  foliar  str-uctures  are  actually  cyclic  (verticillate), 
others  spiral,  as  in  Ranunculus,  where  the  calyx  and  corolla  form  two  alternating  whorls, 
followed  by  the  stamens  and  carpels  arranged  spirally.  Parts  which  have  a  spiral 
arrangement  sometimes  occur  in  definite  numbers,  more  often  in  larger  indefinite 
numbers. 

When  on  the  other  hand  the  parts  of  the  flowers  are  arranged  in  whorls,  the  number 
of  the  whorls,  as  well  as  that  of  the  members  of  each  whori,  is  constant  in  the  same 
species,  and  within  larger  or  smaller  circles  of  affinity '.     When  the  number  of  members 


'  [The  number  of  whorls  m  a  flower  may  vary  very  widely,  from  one  (Carex)  to  fifteen  or  sixteen 
(Aqaihgia).  In  some  cases  the  calyx,  corolla,  andrceciura,  and  gyn^eceum  each  consists  of  a  single 
whorl,  so  that  the  flower  has  four  whorls.  More  Commonly,  however,  one  or  other  of  these  series 
consists  of  more  than  one  whorl.  This  is  most  frequently  the  case  in  the  androscium.  so  much  so  in 
fact  that  it  is  CHstoraary  to  regard  the  typical  (lower  as  ciHitaining  two  whorls  of  stamens :  in  an 
isomerous  flower,  if  the  stamens  are  in  a  single  whorl  it  is  said  to  be  isosUvmnous,  if  in  two  whorls 
diphcteraoneaa,  and  so  on.  The  calyx  often  consists  of  more  than  one  whorl  (Menispermaccie, 
Berberidacese),  and  in  most  tetramerons  flowers  (Ci-uciferie,  Onagraces)  it  is  composed  of  two 
decussating  dimcerons  whorls.  More  rarely  the  corolla  consists  of  more  than  one  whorl ;  instances 
of  this  occur  in  the  Fumariacere,  Eerberidaces,  Papaveraccir,  Menispermacea;.  A  gyn^ceum  of  two, 
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of  each  whorl  is  the  same,  and  those  belonging  to  th  d  lie  ent  1  1  ire  placed  one  over 
another  so  as  to  form  orthostichles,  I  adopt  Paye  xp  on  of  superpoied  (instead 
of  the  ordinary  one  of '  opposite ').  When  the  stam  n  a  e  pe  p  ed  on  the  calyx  or 
corolla,  they  are  tenned  respectively  antUepahus  and  an  ps  al  u  (  the  members  of  a 
whorl  fall  between  the  median  lines  of  those  of  the  next  wl  I  above  or  below,  the 
whorls  are  alternate.  When  the  number  of  membe  s  the  sa  e  n  each  whorl,  they  are 
Said  to  be  homerciui,  when  this  is  not  the  case  heteromeroui ;  and  Brann  calls  those  flowers 
mcyclic  in  which  the  members  of  all  the  whorls  are  equal  in  number  and  alternate.  It 
also  happens  however  that  members  of  the  same  kind  arise  subsequently  between  those 
of  a  whorl  already  formed  ;  as,  for  instance,  five  later  stamens  between  the  five  earlier 
ones  in  Dictamnui  Fraxinella  (Fig.  414),  and  probably  in  many  eucyclic  flowers  with  ten 
stamens.  IMembers  subsequently  introduced  in  this  manner  into  a  whorl  may  be  called 
interposed.     (For  further  details,  -vide  infra.) 

The  consideration  of  the  number  of  the  parts  of  the  flower  cannot  be  separated  from 
that  of  their  relative  position.  But  before  entering  more  minutely  upon  this  subject,  the 
construction  of  the  Floral  Diagram  must  be  described. 

The  Floral  Diagram  is  constructed  differently  according  to  the  purpose  it  is  intended 
to  serve.  Some  treat  it  as  a  somewhat  free  drawing  of  an  actual  transverse  section  of 
the  flower,  and  indicate  on  it  not  merely  the  number  and  position,  but  approximately 
the  form,  size,  itstivation,  cohesion,  &c.  of  its  parts.  This  purpose  is  however  clearly 
best  attained  by  preparing  as  accurate  drawings  as  possible  of  actual  transverse  sections 
of  the  flower-bud,  which  will  then  also  contain  much  that  would  be  superfluous  for 
observations  of  a  certain  Itind.  But  if  it  is  merely  required  to  represent  the  number  and 
position  of  the  parts  of  the  flower  in  such  a  manner  as  to  render  as  easy  as  possible  the 
comparison  in  this  respect  of  a  number  of  flowers,  it  is  best  to  disregard  all  other 
peculiarities,  and  to  adopt  one  and  the  same  plan  for  all  diagrams,  and  that  as  simple  as 
possible,  so  as  to  represent  nothing  but  the  variations  in  the  relationships  of  number  and 
position.  This  is  the  only  purpose  kept  in  view  in  the  diagrams  given  in  the  remainder 
of  this  work,  of  which  Figs,  406-408  may  serve  for  the  present  as  examples.  They  are 
constructed  according  to  the  rule  already  given  on  p.  188  ;  the  dot  above  the  diagram 
always  represents  the  position  of  the  mother-axis  of  the  flower;  and  the  lower  is  there- 
fore the  anterior  part.  Although  mere  dots  would  be  sufficient  to  indicate  perfectly  the 
number  and  position  of  the  parts  of  the  flower,  different  signs  have  nevertheless  been 


rarely  more,  whorls  is  found  in  many  ButomaceK  and  AlismaccEe  ;  usually  when  the  number  of  the 
carpels  is  great  they  are  arranged  spirally.  When  the  liieinbers  of  a  series  (calyx,  corolla,  etc.)  are 
in  one  whorl,  the  series  is  said,  to  be  monocydk ;  if  in  more  than  one,  di-,  tricyclic,  etc. ;  if  in  many, 
polycyclic. 

In  isostemoiious  flowers  it  frequently  occurs  that  the  stamens  are  antipetalous,  as  in  Ampelide^, 
Rhamnacea;,  Plumbaginaces,  PrimulaceEe.  This  is  usually  ascribed  to  the  abortion  of  an  exterior 
whorl  of  antisepalous  stamens,  an  «ssumption  which  is  based  either  on  the  presence  of  a  whorl  of 
Slaminodes  in  the  place  of  the  missing  stamens,  or  on  the  presence  of  two  whorls  of  stamens  in 
allied  Orders. 

It  not  unfrequently  happens  in  a  diplostemonous  flower  that  the  stamens  of  the  outer  whorl  are 
antipetalous  (Litnnanlhes,  Rula,  Diclamnus  (Fig.  414),  Pyrola,  Monotropa,  Ckrysosplemuta,  EpUtAium, 
(Enothsra,  Fuchsia,  Ceraniacefe,  Zygc^hyllaceK,  Crassulacese,  Ericadefe,  Rhodoracefe,  etc.) :  when 
this  is  the  case  the  andr^cium  is  said  to  be  obdiplastemanous ;  the  carpels  are  superposed  on  the 
stamens  of  the  outer  whorl,  and  therefore  also  on  the  petals.  The  most  satisfactory  explanation  of 
obdiplostemony  is  that  given  by  Celakovsky  (Flora,  1875),  though,  as  we  shall  see  below  (note,  p. 
606),  it  cannot  be  applied  in  all  cases :  according  to  him  the  staminal  whorls  arise  in  regular  acropetal 
succession,  the  antisepalous  stamens  being  developed  first,  as  in  direct  diplostemony ;  the  antipetalous 
stamens  are  developed  internally  to  the  others  but  become  gradually  displaced  outwards,  so  that  they 
appear  either  to  lie  in  the  same  whorl  as  the  antisepalous  stamens  ot  externally  lo  them.  This  is  the 
real  meaning  of  the  '  interposition'  mentioned  above.  (For  further  details  on  these  points  see  Gray's 
Structural  Botany,  and  Eichler's  Bliithendiagramrae.)] 
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chosen  for  the  various  separate  organs,  in  order  to  render  the  explanation  more  readily 
visible  to  the  eye.  The  leaves  of  the  perianth  are  represented  by  arcs  of  a  circle,  a  kind 
of  mid-rib  being  indicated  on  each  of  the  outer  whorl  of  these,  or  calyx,  merely  in  order 
to  distinguish  them  at  a  glance  from  the  inner  whorl.  The  sign  chosen  for  the  stamens 
resembles  a  transverse  section  of  an  anther,  but  without  reference  to  the  position  of  the 
pollen-sacs  or  of  their  mode  of  dehiscence  whether  inwardly  or  outwardly.  When  the 
stamens  are  branched,  this  is  indicated  by  the  signs  being  grouped,  as  in  Fig.  408,  where 
the  five  groups  correspond  to  five  branched  staminal  leaves.  The  gynieceum  is  treated 
as  a  simplified  transverse  section  of  the  ovary,  since  it  is  thus  most  easily  distinguished 
from  the  other  parts;  the  marks  within  the  loculi  of  the  ovary  indicate  the  ovuJes, 
which  however  are  only  represented  in  those  eases  where  their  actual  position  can  be 
expressed  by  so  simple  a  plan.  The  size,  form,  and  cohesion  of  the  separate  parts  are 
not  taken  into  account  at  all.  The  construction  of  these  diagrams  is  based  partly  on 
careful  investigations  of  my  own,  but  chiefly  on  the  studies  of  Payer  in  the  history  of 
development  (Organogenie  de  la  fleur),  as  wel!  as  on  the  descriptions  of  other  authors 
(D6II,  Eichler",  and  Braun). 

I  draw  a  distinction  between  empirical  and  thmretkol  diagrams.  The  empirical  dia- 
gram only  represents  the  relative  number  and  position  of  the  parts,  just  as  a  careful 
observation  shows  them  in  the  fiower;  but  if  the  diagram  also  indicates  the  places 
where  members  are  suppressed— which  can  only  be  determined  by  the  history  of 
development  and  by  comparison  with  allied  species,  especially  if  it  points  out  relationships 


which  are  entirely  the  result  of  theoretical  considerations— I  call  it  a  theoretical  diagram. 
If  the  comparison  of  a  number  of  diagrams  shows  that,  although  empirically  different, 
they  nevertheless  yield  the  same  theoretical  diagram,  this  common  theoretical  diagram 
may  be  termed  the  type  or  typical  diagram  according  to  which  they  are  all  constructed. 
I  consider  the  careful  determination  of  such  types  an  important  problem,  the  solution  of 
which  may  be  extremely  useful  in  the  classification  of  Angiosperms.  When  the  type  has 
once  been  ascertained,  the  theoretical  diagrams  which  correspond  to  it  may  be  treated 
as  derivative  fornris  from  which  particular  members  have  jiisappeared,  or  where  they  have 
been  replaced  by  a  number  of  members.  From  the  stand-point  of  the  theory  of  descent 
the  type  corresponds  to  a  form  still  in  existence  or  that  has  already  disappeared,  from 
which  the  species  to  which  the  derivative  diagrams  belong  have  arisen  by  degeneration 
(i.i'.  by  abortion*)  or  by  multiplication  of  the  parts. 

A  few  examples  will  explain  this.     The  fiower  of  Grasses,  which  is  seated  among  the 
palcK,  may  be  deduced,  as  is  shown  in  Fig.  409,  on  the  theory  of  the  abortion  of  certain 


'  [Eichler,  Bluthendiagramme,  I,  II,  1875-8.] 

'  The  construction  of  the  diagram  itself  shows  that  the  theory  of  abortion  is  justified  even 
where  the  earliest  state  of  the  flower-bnd  gives  no  indication  of  the  absent  member,  if  the  number  and 
position  of  the  parts  present  point  distinctly  to  such  a  hypothesis.  If  the  idea  of  abortion  in  this 
sense  is  not  admitted,  neither  can  the  increase  in  number  of  individual  parts,  or  their  replacement  by 
several,  be  allowed.  It  is  only  the  theory  of  descent  that  gives  a  rational  esplanation  of  either  fact, 
and  that  a  very  dear  one. 
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parts  from  the  typical  flower  represCTited  in  Fig.  406,  which  is  itselt"  the  typical  diagram 
of  LiliaceiE,  j4  is  the  diagram  of  Bambina,  which  only  deviates  from  the  type  in 
the  absence  of  the  outer  perianth -whorl  which  is  indicated  by  dots.  But  in  most  other 
Grasses  (B)  the  posterior  leaf  of  the  inner  perianth- who i-l  (this  whorl  appearing  generally 
only  in  the  form  of  small  colourless  scales),  the  whole  of  the  inner  whorl  of  stamens,  and 
the  anterior  carpel,  are  also  wanting.  In  Narduj  again  (C),  the  anterior  carpel  only  is 
present  (as  far  as  the  pistil  is  concerned) ;  all  the  absent  parts  are  represented  by  dots, 
and  the  diagram  'is  therefore  so  far  a  theoretical  one.  If  the  dots  are  removed,  we  get 
the  empirical  diagram ;  the  number  and  position  of  the  carpels  is  here  determined  from 
those  of  the  stigmas'. 


The  flowers  of  OrchidesE  can  also  be  derived,  like  those  of  Graminex,  from  the  type 
represented  in  Fig.  406,  the  empirical  diagram  of  LiliaceiE,  although  their  external  form 
is  so  remarkably  different.  While  in  Grasses  the  perianth  is  especially  degenerated  or 
even  partially  abortive,  in  Orchids  both  whorls  are  developed  in  a  petaloid,  and  lite  the 
whole  flower,  in  a  zygomorphic  or  monosym metrical  manner.  Of  the  andrcedum,  which 
consists  typically  of  two  aHemating  whorls,  each  of  three  stamens,  only  a  single  stamen 
is  completely  developed  in  most  Orchids  (Fig.  410,  J),  viz,  the  anterior  one  of  the  outer 
whorl,  the  others  being  abortive.  Indications  of  these  are  however  sometimes  found 
in  the  young  bud,  as  in  Calantbe  ■BeratrifoKa  (according  to  Payer,  cf.  Fig.  394),  where  at 


,    large 


least  the  two  anterior  ones  of  the  inner  whorl  (but  not  the  posterior  one)  a 
small  elevations  which  soon  disappear.  In  Cypripedium,  on  the  contrary, 
staminodium  (see  Fig.  372)  takes  the  place  of  the  anterior  stamen  which 
where  fertile;  while  the  two  anterior  and  lateral  anthers  of  the  inner  whorl  are  fjlly 
developed  and  fertile  (Fig,  410,  B).  In  Ophrydea:  two  small  stamioodes  are  found 
beside  the  gynostemium  (cf.  Fig.  418,  D,  st)  in  the  place  of  the  two  fertile  stamens  of 
Cypripedium ;  while  in  Uropedmn  aU  three  of  the  inner  whorl  are  completely  developed. 
(Doll.)  The  carpels  which,  by  adhesion  with  the  andrcecium  form  the  gynostemium, 
developed  unequally,  a  difference  which  however  is  usually  not  discernible 
ovaries,  and  is  therefore  not  indicated  in  the  diagi 


inferior 
The  student  who  desires  to 


'  Compare  further,  D51I,  Beittage,  in  the  Jahresbericht  des  Mannheimet  Vereins  fiir  Naturkunde, 
),  where  an  actual  pentacyclic  trimerous  flower  of  Slre^locfiale  is  described. 
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investigate  these  relationships  for  himself  must  observe  that  the  long  inferior  ovary  of 
most  Orchids  undergoes  a  torsion  (resufiaation)  at  the  time  of  the  opening  of  the  flower, 
which  causes  the  posterior  side  of  the  flower  to  assume  an  anterior  position;  but  trans- 
verse sections  even  of  advanced  buds  show  clearly  the  true  position  of  the  parts  of  the 
fiower  in  relation  to  their  mother-axis. 

The  flowers  of  most  Monocotyledons,  like  those  of  Orchids  and  Grasses,  can  be  de- 
rived from  a  type  which  is  actually  seen  in  LiltacesE,  and  which  represents  a  flower 
consisting  of  five  alternating  vfhorls,  each  with  three  members,  of  which  the  two  outer 
ones  constitute  the  perianth,  the  two  next  the  androscium,  and  the  last  the  gyn;eceum; 
although  the  latter  may  sometimes  be  represented  by  two  whorls.  Occasionally  instead 
of  abortion  an  increase  of  number  takes  place  in  particular  whorls,  by  the  formation 
of  one  member  instead  of  two  (as  in  Butomm,  Fig,  382). 

Increase  in  the  typical  number  of  the  members  of  a  whorl  may  arise  in  different 
ways,  as  the  following  examples  will  show.    According  to  the  detailed  researches  of 


Eichler',  the  flowers  of  Fumariaceje  may  be  referred  to  a  type  in  which  there  are  six 
decussate  pairs  of  members  (Fig.  411),  viz. 
0  median  sepals, 
>  lower  lateral  (exterior)  petals, 
a  upper  median  (interior)  petals, 
3  lateral  stamens, 

0  median  (always  abortive)  stamens, 
a  lateral  carpels. 

The  two  lateral  stamens  are  however  represented  in  some  genera  (as  Dkeiitra  and 
Corydalij)  by  two  groups,  each  consisting  of  three  stamens,  an  inner  one  with  an  entire 
quadrilocular  anther,  and  two  lateral  stamens  each  with  a  bilocular  anther,  a  struc- 
ture which  Eichler  explains  on  the  hypothesis  that  the  lateral  stamens  are  only  stipular 
structures,  and  therefore  branches  from  the  base  of  the  middle  one.  In  Hypecoum 
Eichler  assumes  a  cohesion  of  each  pair  of  opposite  stipular  stamens  so  as  to  form  an 
apparent  whorl  of  four  stamens. 

Eichler  also  deduces  the  flowers  of  Cruclfer^  and  Cleomex  (a  section  of  Cappa- 
rideac)  from  a  type  represented  by  Fig.  412  A,  which  is  also  the  empirical  diagram  for 
Cleomf  droierafolia,  and  for  certain  species  of  Lefidium,  Smebiera,  and  Capiella.  This 
typical  flower  consists  of 

two  lower  median  sepals, 

two  upper  lateral  sepals, 

four  diagonal  petals  in  one  whorl, 

two  lower  lateral  stamens, 

two  upper  median  stamens, 

two  lateral  carpels, 

'  Eichler,  Ueber  den  Bliithenbau  der  Fumariaceen,  Cruciferen,  und  einiger  Capparideen,  in 
(Regensburg)  Flora,  1865,  nos,  3S-35,  and  1869,  p,  J. — Peyritsch,  Ueber  Bildungaabweichungen  der 
CrociferenblUtben,  Jahrb.  fiir  wiss,  Bol.  vol.  VIII.  p.  117. 
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Deviations  from  this  type  are  produced  by  the  formation  of  two  or  more  stamens  in 
place  of  each  of  the  upper  (inner)  ones;  in  the  CrQciferK  usually  two  (Fig.  415),  in  the 
Cieomeie  sometimes  two,  sometimes  more  {Fig.  412  B).  Such  a  replacement  of  one 
stamen  by  two  or  more  is  termed  by  Payer  Dedoublemeat',  by  Eichler  and  others  Colla- 
teral  CborUis,  and  must  apparently  be  considered  as  a  branching  of  very  early  origin. 
This  view  is  confirmed  in   this  case  by  the  fact  that  in  the  Crucifer  Atdantlxra  the 


n  d  n  t  m  ns  e  nly  split  and  the  two  halves  of  each  provided  with  half-anthers, 
wh !  n  C  b  h  of  the  four  inner  stamens  puts  out  a  lateral  sterile  branch,  which 
)  b  [1  d  the  commencement  of  a  further  multiplication  of  the  stamens 
h  as  t  Uy  oc  s  In  the  Crucifer  Megaearpsa  and  in  many  Cleome^.  Even  if 
th  w  y  h  h  n  ase  of  the  typical  dimerous  number  of  the  inner  whorl  of  stamens 
has  b  b  ght  bout  be  still  obscure,  it  appears  certain  that  the  inconstancy  of 
the  number  of  the  members  of  the  staminal  whorl  proves  that  in  CrueiferK  and  Cle- 
omeDe  a  deviation  has  arisen  in  this  part  of  the  flower  from  the  typical  dimerous  number, 
while  the  other  whorls  have  remained  unchanged.  The  only  deviation  which  occurs  in 
the  gyn:eceum  of  the  Grucifers  is  in  the  genera  letrapoma  and  Holargidium,  where, 
besides  the  two  lateral  carpels,  two  median  ones  are  also  produced,  thus  forming  a 
four-lobed  ovary '. 

An  essentially  different  kind  of  increase  In  the  typical  number  of  the  members  of  a 
floral  whorl  may  be  caused  by  the  formation  in  the  still  very  young  bud  of  new 
members  of  the  same  kind  between  those  already  in  existence  and  on  the  same  zone 


of  the  receptacle ;  j.  e.  by  what  we  have  already  described  as  the  Interpoiition  of  ne 
members.  This  I  found  to  occur,  for  example,  in  Dictamnus  Frax'mdla  ^Fig.  388),  ai 
is  represented  in  the  diagram,  Fig.  414,  by  the  stamens  of  later  origin  being  shaded  not 
dark  as  those  of  earlier  origin.     !t  may,  I  think,  be  inferred  from  Payer's  descriptio 


'  [The  theory  of  an  original  dimerous  symmetry  in  the  flowera  of  Crucifer^  has  been  pushed 
Btil!  further  by  Meschaeff  (Bull.  Soc.  Imp.  Nat.  Mosc).  who  regards  the  four  petals  as  also  the  result 
of  a  lateral  d^doubktnent  of  a  single  pair  (see  Bentham,  Ann.  Address  Linn.  Soc.  18  J3).] 

=  IHolargidium  is  a  section  oiDraba.  According  to  Bentham  and  Hooker  the  four  carpels  of 
Telrapoma  are  an  abnormality  not  constant  under  cultivation.  The  same  authors  also  mention  the 
occasional  occurrence  of  a  similar  abnormality  in  Brasska  and  NastiirliumI] 
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and  drawings  that  the  same  process  occurs  in  the  nearly  related  genus  Rata,  and  in  the 
families  Oxalidea^  Zygophyllacesc,  and  Geraniacea  included  in  the  same  circle  of  affinitj'; 
viz  that  in  these  cases  also  five  stamens  are  interposed  between  those  already  in 
existence'  If  tie  five  interposed  staniens  are  supposed  to  be  removed,  there  remains 
m  these  families  a  regular  pentamerous  flower  with  four  altermting  whorls  each 
consisting  of  five  members  such  as  is  found  in  the  neirl>  rehted  Linaceie  and  Bal- 


Florat  Formula  The  diagram  ma>  under  certain  circumstances  be  substituted,  at 
least  partial!},  by  a  formula  composed  ot  letters  and  numbers  In  a  floral  formula  of 
this  kind  the  relative  positions  ot  the  parts  cannot  indeed  always  be  represented  with 
accuracy ;  but  it  has  the  advantage  that  it  can  be  expressed  by  ordinary  printer's  type, 
and,  what  is  perhaps  of  greater  importance,  is  capable  of  a  wider  generalisation,  since 
the  numerical  coeflicients  may  be  replaced  by  letters. 

The  construction  and  application  of  these  formula  will  easily  be  made  intelligible  by 
a  few  examples". 

The  formula  S,P^St,t,C,  corresponds  to  the  diagram  of  the  Liliacese,  Fig.  406,  and 
signifies  that  each  of  the  two  perianth- whorls  —the  outer  whorl  or  sepals  S,  and  the  inner 
whorl  or  petals  P — consists  of  three  members,  the  andrcEcium  of  two  whorls  each  of  three 
stamens  St,  and  the  gynzEceum  of  three  carpels  C.  The  diagram  shows  in  addition  that 
these  trimerous  whorls  alternate  without  interruption;  but  since  this  is  the  usual  case 
with  flowers,  it  need  not  be  specially  indicated.  The  formula  iS,  P,  31^^+^  Cj+s  gives  the 
relative  positions  of  the  parts  of  the  flower  of  Batomus  umhcllatus  {Fig.  582).  It 
is  distinguished  from  the  previous  one  by  the  gyuieceum  consisting  of  two  whorls  of 
three  carpels  each,  and  the  androscium  having  the  typical  three  stamens  of  the  outer 
whorl  e»ch  replaced  by  two  stamens,  which  is  expressed  by  the  symbol  3^.  The 
formula  Sji'si'/s+aCj  corresponds  to  the  diagram  of  the  flower  of  Bamiusa,  Fig.  409  J, 
and  differs  from  that  of  Liliacea  only  in  the  suppression  of  the  outer  perianth -whorl, 
represented  by  S^  The  numerical  relations  of  the  parts  of  the  flower  of  Orchidea:, 
Fig,  410  A,  might  be  expressed  by  the  formula  S^P^St-j+aCs,  the  symbol  S(i+o  indicating 
that  all  the  members  of  the  inner  staminal  whorl  are  abortive,  while  on  the  other  hand 
in  the  outer  whorl  the  two  posterior  ones  are  suppressed,  the  anterior  outer  stamen 
being  perfectly  developed;  the  two  dots  over  the  number  i  are  meant  to  indicate 
that  the  absent  members  are  the  posterior  ones ;  were  the  anterior  ones  deficient  the 
dots  would  be  placed  beneath  the  number,  as  in  the  formula  SaPiSl^+^C^  which  cor- 
responds to  the  ordinary  flower  of  Grasses  represented  by  the  diagram  Fig.  409  B.  The 
formula  S^PaStj  +  jC,  expresses  the  whorls  consisting  of  decussate  pairs  which  form  the 
flower  of  Maianlbemum  bifoHum ;  the  formula  ,5,  P,  S/j+j  C,  or  S^  P^  S/j+j  C^  the  flowers  of 
Pari]  qiuidr'ifoUa,  in  which  all  the  whorls  are  either  tetramerous  or  pentamerous.    These 


'  [These  are  all  cases  of  obdiplostemony.  In  the  case  of  Diclamms  and  of  Rum  this  is  to  be 
explained  by  Celakov^ky's  theory  of  diiplacement.  In  the  OxalidcK  and  Geraniacese  Frank  has 
found  (Jahrb.  f.  wiss.  Bot.  XI.  in  opposition  lo  Payer,  that  the  aiilipetalous  stamens  are  developed  first. 
It  is  therefore  difficult  to  give  a  satisfactory  acconnt  ol  the  obdiplostemony  in  these  ordeis.  Eichler 
regards  it  as  due  to  constant  deviation  from  the  normal  acropetal  development  of  the  whorls  of  the 
Hower.] 

'  Doll  (Flora  von  Baden,  vol.  III.  pp.  1175.  1177)  and  others  suppose  that  a  whorl  has 
become  abortive  between  the  corolla  and  ovary  in  Rutaceie  and  Oxalidea,  a  hypothesis  which  is 
not  supported  by  the  history  of  development,  and  which  is  superfluous  on  our  hypothesis.  To 
assume  abortion  merely  because  certain  whorls  do  not  alternate  seems  to  me  to  be  going  too  far. 
Besides,  the  ten  stamens  of  EpacrideEB  and  Rhodotace^  cannot  belong  to  two  but  only  to  one  whorl 
in  which  five  are  of  earlier  origin,  and  five  have  been  interposed.  fCorapare  Payer,  Organog^nie  de 
lafleur,  pi.  118.) 

^  Grisebach  (Grundriss  der  systemafischen  Botanik  ;  Gotlingen,  1854)  has  denoted  the  relative 
numbers  of  the  parts  of  flowers  in  a  diffeient  manner,  placing  the  numbers  of  the  members  of  a 
whorl  simply  one  after  another,  and  indicating  cohesions  by  strokes. 
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and  most  other  forniulsE  for  the  flowers  of  Monocotyledons  may  now  be  combined  into 
a  general  extfression  S^P^Stn+n^ai+ti)'  which  signifies  that  the  flowers  belonging  to  this 
type  are  usually  constructed  of  five  alternating  whorls  each  with  the  same  number  of 
members,  two  of  which  are  developed  in  the  form  of  perianth -whorls,  two  as  staminal 
whorls,  and  generally  only  one  as  a  carpellary  whorl ;  the  bracket  ( +  n)  at  the  end  of 
the  formula  indicating  that  a  second  carpellary  whorl  sometimes  occurs  in  addition. 
The  general  number  n  may,  as  the  examples  which  have  been  adduced  show,  have  the 
value  2,  5,  4,  or  5  ;  3  is  the  most  common.  If  a  considerable  increase  of  the  number 
of  members  takes  place  in  a  whorl,  and  if  this  number,  as  is  then  usually  the  case,  is 
variable,  this  is  expressed  by  the  symbol  ^  ;  thus  the  formula  for  Mhma  Planlago  is 

As  has  already  been  mentioned,  no  further  indication  is  given  of  the  position  of  the 
whorLs  when  they  alternate;  when  a  departure  from  this  rule  occurs,  this  can  be  more 
or  less  accurately  expressed  by  special  symbols.  Thug,  for  example,  the  formula  for 
the  flower  of  Cruciferae,  Fig.4ij,  might  be  represented  by  S3+ji>,,S(a+,^  Cj(+i,),  the 
symbol  Pxi  signifying  that  the  decussate  pairs  of  sepals  are  followed  by  a  corolla  con- 
sisting of  one  whorl  of  four  petals,  which  are  however  arranged  diagonally  to  the  sepals. 
In  order  to  express  the  superposition  of  two  consecutive  whorls,  a  vertical  stroke  might 
be  placed  after  the  number  of  the  first  whorl;  thus  S^P^  \  St^Cs  might  represent  the 
formula  for  Hypericum  calycinum  (Fig.  408),  [  ft/  indicating  that  the  andrcecium  con- 
sists of  five  branched  (5')  stamens  which  are  superposed  on  the  petals.  If,  finally,  it  is 
desired  to  signify  that  members  of  a  second  whorl  are  interposed  at  the  same  level 
between  those  of  one  already  in  existence,  the  number  of  the  new  members  may  be 
placed  simply  beside  those  of  the  original  whorl;  thus  the  formula  SjPsSfs.jCs  would 
correspond  to  the  diagram  Fig.  414. 

In  the  formula  already  given  no  cohesions  of  any  kind  have  been  indicated ;  they 
can  however  under  certain  circumstances  easily  be  expressed  by  special  symbols. 
Thus,  in  the  formula  for  Convolvulus  St^PlSt^C^,  the  sign  P^  indicates  a  gamopetalous 
corolla  of  five  petals,  ^  a  syncarpous  ovary  of  two  carpels.  In  the  formula  for  the 
■  flowers  of  PapilionaccEe  ag^n  ^i',  5fj'^+i  Cu  the  expression  Si^  ,+1  signifies  that  the  five 
stamens  of  the  outer  and  four  of  those  of  the  inner  whorl  have  united  into  a  tube,  while 
the  posterior  stamen  of  the  inner  whorl  remains  free'. 

The  mode  of  writing  the  formulae  must  vary  according  to  the  object  which  one  has 
in  view;  the  greater  the  number  of  relationships  it  is  intended  to  express,  (he  more 
complicated  will  they  become ;  and  care  must  be  taken  that  they  do  not  lose  their 
clearness  by  being  overladen  by  too  many  signs. 

The  examples  of  formula  which  have  hitherto  been  adduced  all  illustrate  cyclic 
flowers ;  those  parts  of  flowers  which  are  arranged  spirally  may  be  denoted  by  the 
symbol  ^  placed  before  them,  and  the  angle  of  divergence  may  also  be  affixed  to 
their  number.  Thus,  for  example,  the  relative  numbers  and  positions  of  the  parts  of 
the  flower  of  Aconitum,  according  to  Braun's  investigations,  may  be  expressed  by  the 
formula  S^s/  iP^si  eSt^si  „  C^  ,  which  indicates  that  all  the  foliar  structures 
of  this  flower  are  arranged  spirally,  and  that  the  calyx  consists  of  five  sepals  with  the 
divergence  '/^  th  II      f   "ght  peUls  with  the  divergence  "/a,  and  the  andrcecium  of 

'  an  indefinite  n  mb  t  tai  s  with  the  divergence '/j,.  It  would  however  be  sufficient 
in  this  case,  s  th  p  1  rangement  runs  through  the  whole  flower,  to  place  the 
symbol  only  o        b  f  re  th       hole  formula,  thus     ^SijiPsi^iSlsj^^  »  C. 

In  flowers  w  th  y  I  rrangement  of  their  parts  a  statement  of  the  angle  of 
divergence  is  g  lly  cessary,  since  the  members   of  each   whorl   usually   arise 

simultaneously        d  nged  so  as  to  divide  the  circle  into  equal  parts.      When 

they  do  not       se     m  IL  sly  but  successively  in  the  circle  with  a  definite  angle 

'  Rie  also  Kohrbach,  Dot.  Zei^.  1870,  pp.  816  et  seq. 
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of  divergence,  as  in  most  trimcrous  or  pentamerous  calyces,  this  can  be  indicated  by 
placing  the  angle  of  divergence  after  the  number  of  the  members;  thus  the  formula  for 
Linaceze  would  be  S^^j^P^St^Cs.  If,  on  the  other  hand,  tho  members  of  a  whorl  are 
formed  in  succession  from  front  to  back,  this  may  be  shown  by  an  arrow  pointing 
upwards  |,  as  in  the  formula  for  Papilionaceie  5^1  ^nT  St^^  +5!  C^.  If  they  are  formed 
in  succession  from  hack  to  front,  the  arrow  may  be  made  to  point  downwards  1,  as 
in  the  formula  for  Reseda  Snl^ni  S(j,l+j|  C„  where  the  number  of  the  parts  is  expressed 
by  letters  instead  of  figures  in  consequence  of  its  variability'. 

4.  Order  of  Devflopment  of  the  Parts  0/  the  Fltnver.  The  foliar  structures  arise  on  the 
axis  of  the  floral  shoot,  as  on  other  axes,  in  acropetal  order  below  the  growing  apex.  It 
is  however  not  uncommon  in  the  formation  of  flowers  for  the  apical  growth  of  the  axis  to 
cease  altogether  or  to  become  extremely  slow,  while  the  receptacle  continues  to  increase 
in  breadth,  and  (o  develops  transverse  zones  of  intercalary  growth.  When  this  is  the 
case  the  acropetal  order  of  development  is  disturbed,  and  new  whorls  may  become 
interposed  between  those  already  in  existence.  But  even  within  the  same  floral  whorl 
the  individual  members  may  be  formed  in  a  very  different  order  of  succession,  according 
as  tho  zone  of  the  receptacle  which  bears  the  floral  leaves  is  developed  in  a  uniform 
manner  all  round  (as  in  polysym metrical  flowers)  or  more  rapidly  on  the  anterior  or 
the  posterior  side  (which  is  especially  the  case  in  monosymmetrical  or  zygomorphic 
flowers). 

In  flowers  with  a  spiral  arrangement  of  their  parts',  disturbances  of  the  acropetal 

order  of  development  are  of  less  importance  the  more  numerous  the  parts  with  a  spiral 

arrangement,  and  the  longer  the  apica!  growth  of  the  floral  axis  continues.    Those  mem- 

b  h'  h  h  p'    1  g  m     t  ft  r  the  other  in  ascending  order;   the 

glf'ifa  ythb  tt  y  change.     Thus,  according  to  Payer, 

R  1      ^       d  M  !i     1  th     pen     th  leaves  and  stamens  arise   in  a  con- 

t  pibt         ht  fthpl  tsofa  larger   number   of  stamens 

th         f  p  n     th  1  th  g  Hll  h  dorus,  where  all  the  organs  of  the 

fl  n  g  d     p     Uy    th  11         t  ncludes   only  thirteen   petals,  while 

ht  ftm  bett)  A     ording  to  Braun   the   turns  of  the 

ly       i  D  Ip/       m  C       I  I     h  /rrg      ent' ;    the   divergence   then   under- 

E  es  11     h     g     b  t      th     t       t       llj  d        t  igfromVs;   the  first  turn  with  this 

It      d  g  m     t       th  il      th     th        I  11  wing  ones  are  the  stamens,  and  the 

spiral  termmitcs  with  a  smgle  carpel  In  the  section  Garidella  of  Nigella  the  first  of  the 
turns  with  a  '/_,  angle  of  d       g  n  th      alyx  and  the  second  the  corolla;   then  follows 

a  slight  change  in  the  gl  to  /  th  stamens  forming  one  or  two  turns  with  this 
iriangement,  and  the  sp     1   1  th  three  or  four  carpels.    In  the  section  iJf/;>i/- 

nclhm  cf  Delphinium  th         I5  n  t  tutes  a  turn  with  ^j,  the  corolla  one  with  "/^ 

angle  of  divergence ;   th  n  f  II        tw  three  turns  of  stamens  with  the  angle  very 

near  7a.  the  <ipiral  closing      th  th  pels.     In  the  section  Slaphiiagria  of  the  same 

genus,  and  in  j^conitum,  the  calyx  lorms  a  turn  with  Vjj  the  corolla  one  with  '/j  angle ; 
the  stamens  stand  in  one  or  two  turns  with  the  divergence  '/n  or  '^s,;  concluding 
with  three,  five,  or  rarely  a  larger  number  of  carpels.  It  must  be  noted  in  reference  to 
these  arrangements  that  the  members  of  successive  turns  stand  in  orthostichies  when 
the  angle  of  divergence  remains  constant ;  but  that  the  orthostichies  pass  into  oblique 
rows  when  the  divergence  undergoes  a  small  change. 

The  first  thing  to  observe  in  cyclic  Bowers  (/.  e.  those  in  which  the  parts  are  arranged 
in  whorls)  is  the  order  of  formation  of  the  whorls  with  respect  to  one  another,  and  then 

'  See  Payer,  Organogenie  do  la  lleut ;  also  the  next  paiagraph. 

'  ComparePajer,  Organogenie  de  la  fleur,  pp.707  eHeq.;  and  Braun  Jalirb-fiu- wisseiisch.  Eot.  I, 
Ueber  lien  Biiilhcnbau  der  Gattung  Ddfhinium. 

'  Compare  with  this  what  Is  said  below  res|iectiog  sepak  and  petals  which  are  formed  wlili  ihe 
angle  of'divergence  '/j  and  '/j. 
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the  order  In  which  the  members  of  each  whori  are  themselves  formed ;  although  the 
two  are  in  fact  closely  connected.  A  disturbance  of  the  acropetal  order  of  succession  in 
the  formation  of  the  whorls  occurs  when  the  carpels  have  begun  to  be  formed  before  all 
the  stamens  which  stand  below  them  have  been  produced,  as  in  Rains,  Potentilla,  and 
Jtojfl',  or  when  the  calyx  is  not  formed  until  after  the  andrtecium  (as  in  Hjperkum 
calycinum  according  to  Hofmeister),  or  when  the  calyx  is  not  observable  until  after 
-  the  corolla  has  become  considerably  developed  or  even  after  the  formation  of  the 
stamens  and  carpels,  as  in  Compositie,  DipsacaceiE,  Valerianace^,  and  Rubiacese. 

One  of  the  most  remarkable  deviations  from  the  general  rule  of  the  order  of  develop- 
ment of  the  floral  whorls  occurs  in  Primulaceie,  where  five  protuberances  (primordia) 
appear  on  the  receptacle  above  the  calyx,  each  of  which  grows  up  into  a  stamen,  while 
on  the  posterior  or  lower  side  of  the  base  of  each  primordial  stamen  a  lobe  of  the  corolla 
subsequently  appears^  Pfeffer,  who  has  observed  this  order  of  development  (Jahrb,  fiir 
wissensch.  Bot  1  VII  p  94)  considers  that  the  same  probably  also  happens  in  the 
pentandrous   Hjp  se       d   in   Plumbaginese ;   he   therefore   explains   the   corolla- 

lobes  as  poster  tg        th      f  the  stamens  (a  posterior  ligular  structure),  such  as,  for 

instance,  occur  n  th  st  m  of  Asclepiadefe  in  the  form  of  hood-shaped  nectaries, 
where  a  true  11  I      p  esent.    The  flowers  of  Priraulaceje  would  therefore  be 

strictly  apetalo  n  th  n  ph  logical  sense  of  the  word,  since  their  corolla  is  not  a  true 
floral  whorl,  but      ly  tg        th  of  the  staminal  whorl.     In  other  families  of  Dicoty- 

ledons, on  the  other  hand,  superposed  corollas  and  andrcecia  arise  separately  and  in 
acropetal  order ;  as,  for  instance,  in  Ampelidex,  probably  also  in  Rhamnacex,  Santalacea;, 
and  Chenopodiacex. 

The  individual  members  of  a  floral  whorl  may  arise  in  succession  from  front  to 
back  or  the  rev  rs       ^      lly  wh       th     fl        rs  th         1  b    q       tly  d      1  p  d 

zygomorphically      Thu.    t  st  Ppl  ajtht  1  pi 

formed  first,  th  H    e(     ly         t    th       ght      d  t    th    1  ft       d  fi    liy  th 

two  posterior  o   es     b  t  b  f       th       last  th    t  t  p  tal      ppe      J  II        d 

by  the  two  late    1      d  fi    lly  th    post  d  th        d  ce  t    g    f  tw 

alternating  whlffi        tm  h        fmd        th        mm  fmttl 

baclt'.     In  the  R      d  th  t     7  (Ji-  ^        A  A  pm)  P  I        th  t 

the  petals,  stan  d       \\  llpit         bhdl  d         bthd(/' 

Fig.  145,  p.  187) 

When  thecl  tsfp  fplth  f        \   \  fmdisPy 

has  shown,  sin    It     eo    !)      b  t    f  th         1)  t      f  th  f  p  1     th  y 

usually  formed  tt  th  d  w  th  th        gl      f  d       g  tl  as     / 

the  other  7^;    b  t  th  d    g     h     I     th    p  t  1      t  d        pi  lly 

as  siraultaneou        hi  h   th  pt  1      dy  d        d      th  t  11   t     be 

spoken  of. 

Jt  is  well  to  draw  attention  here  to  the  circumstance  that  it  does  not  follow  from  the 
order  of  succession  advancing  from  one  point,  with  a  definite  angle  of  divergence,  say 
'/a  or  ^61  that  the  arrangement  is  a  spiral  one*;  it  may  just  as  well  in  such  cases  be  a 
whorl.  The  nature  of  the  arrangement  depends  on  the  circumstance  whether  the  foliar 
structures  in  question  are  formed  at  the  same  height  or  not,  /,  e.  at  an  equal  distance 
from  the  centre  of  .the  flower ;   if  this  is  the  case,  we  have  a  whorl ;   but  if  the  members 


'  Compare  Hofineister,  Allgemeine  Morphologie,  pp.  463  ei  seq.,  where  Payer's  observations  on 
this  point  will  also  be  found. 

'  [Accordmg  to  Frank  (Ueb.  d.  Etitwick.  einig.  Bliithen,  mit  bes.  Beriicksichtigang  der  Theorie 
der  Interponirung,  Jahrb.  f.  wiss.  Bot,  X.  1876),  the  stamens  and  petals  of  (he  Primula cese  arise 
independently,  but  they  fuse  with  the  stamens  during  their  development,  and  subsequently  become  free 
again.] 

'  On  the  nearly  related  C^salpinese  see  Rohrbach,  Bot.  Zeilg.  187a,  p.  826. 

'  Compare  the  successive  true  whorls  of  Cinra  sm\  Sahima,  pp.  187,  191,  293,449. 
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arise  in  acropetil  order  at  different  heigbts,  i.e.  approaching  the  centre  of  the  flower 
with  each  step  in  the  divergence,  the  arrangement  is  a  spiral  one.  The  last  appears  to 
be  actually  the  case  in  many  calyces ;  but  it  is  doubtful  whether  it  ever  occurs  where  the 
angle  of  divergence  of  the  sepals  is  '/o  o""  'Is- 

We  nvust  now  refer  again  to  the  cases  already  mentioned,  where  new  members  of  a 
whorl  are  formed  between  those  already  in  existence  and  at  the  same  height^.  In  the 
Oxahdes,  Geraniaceai,  Rutaccse,  and  Zygophyllaceie,  an  entire  whorl  of  five  stamens  is 
thus  interposed  between  those  already  present;  according  to  Payer,  in  Peganum  Harmala, 
a  whorl  of  ten  stamette  is  even  formed  in  (his  manner,  arising,  not  in  pairs  between  the 
first  five,  but  lower  down  at  the  bases  of  the  petals;  whether  the  laler  formed  stamens 
arise  on  the  same  level  with  the  first,  or  lower  down,  is  obviously  regulated  according  to 
the  space  afforded  by  the  changes  of  form  of  the  growing  receptacle.  A  still  further 
departure  from  the  ordinary  process  occurs  in  the  Acerinex,  HippocastaneiE,  and  Sapin- 
dace^,  where  Payer  asserts  that  a  whor!  of  five  stamens  is  first  of  all  formed  alternating 
with  the  corolla,  in  which  an  imperfect  whorl  of  two  or  four  stamens  is  subsequentJy 
interposed  at  the  same  height,  as  is  shown  by  his  illustrations.     In  Tropceotvm,  on  the 


other  hand,  according  to  Payer  and  Rohrbach',  three  stamens  first  of  all  appear  after 
the  formation  of  the  petals,  and  then  between  them  five  others,  the  distance  of  which 
from  the  centre  of  the  flower  is  however  rather  greater  than  that  of  the  three  earlier 

5.  Symmetry  of  the  Fhiuer^  If  the  observations  which  will  be  found  on  pp.  187  et  leq. 
under  the  head  of  General  Morphology  are  now  applied  lo  the  floral  shoot,  it  is  seen 
that  true  symmetry  and  distinctly  bilateral   structure  occur  here' far  more  commonly 

'  Compare  also  on  this  point  Pfeffer,  Jahrb,  fi.ir  wiss,  Bot.  vol.  Vlil.  p.  20S- 

=  Rohrbacb  (Bot.  Zeitg.  1869,  Nos.  so,  £1)  however  gives  a  different  explanal ion  to  these  obser- 
vations from  that  mentioned  here.  The  equal  or  greater  distance  at  which  the  later  starnens  aiise 
from  the  centre  of  the  flower  is  a  distinct  proof  Ihat  one  cannot  in  this  case  suppose  that  the  parts 
are  produced  in  a  spiral  arrangement  advancing  from  without  inwards.  [See  note  on  p.  601. 
Assuming  the  correctness  of  Payer's  observations,  these  arc  instances  of  incomplete  obdiploslemony. 
According  to  Buchenau  (Morph.  Bcmerk.  ub.  einige  Acerineen,  Bot.  Zeitg.  1861),  all  the  stamens  are 
developed  simultaneously  in  the  Acerineie.] 
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than  on  the  vegetative  shoots.  In  contrast  to  the  lax  mode  of  expression  used  by  many 
botanists,  I  understand  by  Symmetrical  Structures  those  which  may  be  divided  into  two 
halves,  each  of  which  is  an  exact  reflex  image  of  the  other.  If  a  flower  can  be  divided 
in  this  manner  by  only  one  plane,  I  call  it  simply  symmetrical  or  mrmoiyinmetriea! ;  if,  on 
the  contrary,  it  can  be  symmetrically  divided  by  two  or  more  planes,  it  is,  as  the  cass 
may  be,  doubly  or  polyiymmefrical.  The  happy  expression  %ygontorphic  already  used  by 
Braun  may  be  applied  equally  to  monosymmetrica!  flowers  and  to  those  polysymmetrical 
ones  in  which  the  median  section  produces  halves  of  quite  a  diiferent  form  from 
those  caused   by  lateral  section  (e.g.  Dicentra).     I  apply  the  term  regular  to  a  poly- 


symmetrical flower  only  when  the  symmetrical  halves  produced  by  any  one  section  are 
exactly  like  or  very  similar  to  those  produced  by  any  other  section  ;  or— which  comes 
to  the  same  thing— when  two,  three,  or  more  longitudinal  sections  divide  a  flower  into 
four,  six,  or  more  equal  or  similar  portions. 

In  exactly  defining  the  symmetrica!  relations  of  a  flower,  the  relative  positions  of  the 
parts,  as  represented  by  the  diagram,  must  first  of  all  be  distinguished  from  the  entire 
form  of  the  flower,  such  as  is  realised  in  the  development  of  the  organs. 

If  attention  is  paid  first  of  all  only  to  the  relative  positions  of  the  parts,  it  is  clear 
that  they  can  never  be  distributed  symmetricaily  in  flowers  with  a  truly  spiral  structure ; 
R  r  2 
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while  in  hemicyclic  flowers  those  members  at  least  which  are  arranged  in  whorls  may 
possiblj'  be  distributed  symmetrically.  If,  on  the  contrary,  the  parts  are  all  arranged  in 
whorls,  they  are  usually  distributed  mo  nosy  m  metrically  or  polysym  metrically  on  the 
receptacle.  Thus,  for  example,  the  diagram  Fig.  406  can  be  divided  symmetri- 
cally and  regularly  by  three  planes,  Fig.  407  by  four,  and  Fig.  408  by  five  planes. 
The  diagrams  Fig.  409  B  and  C,  as  well  as  Fig.  410,  can,  on  the  contrary,  be  symmetri- 
cally halved  by  only  one  plane,  which  is  at  the  same  time  the  median  plane.  The  diagram 
Fig.  41 1  can  be  divided  by  the  median  plane  into  two  symmetrical  halves  which  are 
unlike  those  produced  by  the  lateral  section  ;  this  diagram  is,  lite  those  in  Figs.  409  B,  C 
and  410,  zygomorphic,  but  is  doubly  While  these  are  only  singly  symmetrical. 

The  symmetry  of  mature  unfolded  flowers  is  indeed  usually  connected  genetically 
*ith  the  relations  of  symmetry  of  the  diagram  (which  represents  only  the  position  and 
number  of  the  parts);  as  will  be  made  dear  by  a  comparison  of  Figs.  416  and  418  with 
Fig.  410  A.     But  inasmuch  as  the  entire  form  of  the  mature  (lower  is  essentially  deter- 


mined by  the  shape,  size,  torsion,  and  cu  at  e  of  the  eparate  p  rts,  these  circum- 
stances also  exert  a  preponderating  influenc  n  th  lat  on  of  ymmetry  of  the  open 
flower,  and  to  such  a  degree  that  even  flow  h    h  h        th       p    ts  arranged  spirally 

may  become  monosymmetrically  zygomorph  f  t     th        entire  form,  as  is 

the  case  to  a  high  degree,  for  example,  in  jJ  m  nA  D  tpl  m  It  must  however 
be  observed  that  the  zygomorphism  of  the  flower  is  here  brought  about  principally  or 
entirely  by  the  calyx  and  corolla,  the  spiral  arrangement  of  which  may  perhaps  still  be 
doubtful,  but  which  always  occupy  so  narrow  a  zone  on  the  receptacle  that  their  position 
may  be  considered  practically  to  be  verticillate.  If,  on  the  other  hand,  the  floral  axis  is 
sufficiently  elongated  to  show  that  the  arrangement  is  a  distinctly  ascending  spiral  one, 
as  in  the  perianth  and  andrcecium  of  Nymphna  and  the  andrcecium  and  gynieceum  of 
Magnolia,  the  subsequent  development  of  the  organs  appears  also  not  to  show  any  zygo- 
morphic nor  indeed  generally  any  kind  of  actually  symmetrical  arrangement. 


'  The  begim 
imoolh  edge  vt 


r  may  make  these  relatic 
ically  upon  the  paper  s( 


ore  evident  to  himself  by  placing  a 
o  bisect  the  diagram. 


with 
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The  zygomorphic  and  monosymmetrical  form  occurs,  on  the  contrary,  very  com- 
monly in  those  flowers  the  parts  of  which  are  arranged  in  whorls,  A  very  distinctly 
zygomorphic  arrangement  is  not  unfrequeHtly  united  with  a  partial  or  en^re  abortion  of 
partici.lar  members,  as,  e.g.,  in  Columnea,  Fig,  416,  and  other  genera  of  GesneraceiE, 
where  the  posterior  stamen  is  transformed  into  a  small  nectary;  while  in  LabiatiE 
it  is  entirely  wanting.  This  abortion  is 
ed  tUl  f    th  O    h  d       where, 

f  th  typ      1     tarn  nly   the 

m  d  t  f  th        ter  whorl 

th    tw    1  t  ral      t  s  of  the 

wh     1  d       1  ped    (  ee    Fig, 

4     )      Th       I         t     m         y    metrical 
ra  g  m     t  t  t         certain 

t    t     d     t  d  b    th       d      of  their 
ft  th        d         tarycon- 


m  Ita 
-  P    e  e 


IV  th 


g  d  th  t   th     d 


ly     fcht      d  I  ft  f 


Th 


jm 


lly 


t    vays   by 
1  posterior 


ght  and  left 

hi         wh    h     g  y     metrically 

Ik        Th         th       rr     g  t  of  the 

p    t         th         t        fl  w        i  Dicentra; 

F         la       d  C  jd  /    th    right  side 

IS  d      I  ped  d  ff       tly  f    m  the  left, 

P   id        J,         p        th       ther  not; 

h  1     th         t  n  d  p    t     or  sides 

la       J  t       1     I     th         ethere- 

f        th     p]  t     ymm  try     oineides 

th     1  t      1       t  I    th      ygomor- 

ph     fl  f     m    S  1  the  plane  of  symmetry  and  the  median  plane  intersect 

t  t         gl        B  t  b    t      the  greater  number  of  zygomorphic  monosymmetrical 

ft  so        istru      d  that  the  median  plane  coincides  with  a  longitudinal  section 

wh    h   d     d       th      fl  metrically;   as   for   instance   in   Labiattc,   Papilionacese, 

O    hd  a;   S    t  L  b  I      e^e,  Compo^tm,  Delfi^nium,  and  ^coniium'.     The  zygo- 

ph     d      1  p        t  P       lly  prevalent  in  the  lateral  flowers  of  spicate. 


r  in  the  ovary  of 


yGoogle 
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or  paniculate  inflorescences;  but  is  found  also  in  those  that  are  cymose  and  that  have 
all  the  flowers  terminal  (LabiatEe  and  Ecbium).  It  seems  as  though  the  vigorous 
development  of  the  principal  rachis  of  the  entire  inflorescence^whether  the  final 
ramifications  are  cymose  or  not — often  determines  a  zygomorphic  development  of 
flowers,  as  is  shown  in  Labiats,  ScitamineiC,  and  JEsculu4.  The  formation  of  a  vigorous 
pseud-axis  appears  to  exercise  a  similar  influence  in  the  case  of  sympodial  inflorescences 
(as  in  Mchium). 

6.  The  Fruit  of  Angiosperms  is  the  mature  ovary  which  contains  tlie  ripe  seeds  and 
.h^  undergone  physiological  changes  as  the  result  of  fertilisation.  The  style  and  stigmas 
are  frequently  deciduous  (as  in  Cucurbita,  Grasses,  &c.).  Sonne  of  the  ovules  not  un- 
frequently  disappear,  and  the  number  of  seeds  is  thus  less  than  that  of  the  ovules. 
When  all  the  ovules  of  one  or  more  loculi  of  a  multilocular  ovary  disappear  in  the 
process  of  ripening,  only  the  fertile  ioculus  continues  to  grow;  the  others  become 
partially  or  entirely  suppressed,  and  can  be  recognised  only  with  difficulty  or  rot  at  all. 
A  multilocular  ovary  may  thus  produce  a  unilocular,  and  often  a  one-seeded  fruit.  Thus 
from  the  trilocular  ovai  y  of  the  Oak,  each  Ioculus  of  which  contains  two  ovules,  results 
a  unilocular  one-seeded  fruit,  the  acorn.  A  less  complete  disappearance  of  two  or  four 
loculi  together  with  their  ovules  occurs  in  the  tri-  or  quinqui-locular  ovaiy  of  the  Lime, 
the  fruit  usually  containing  only  one  seed. 

Parts  of  the  flower  again  which  do  not  belong  to  the  gyntcceum,  or  even  not  to  the 
flower,  undergo  changes  resulting  from  fertilisation.  The  entire  structure  which  is  thus 
formed  may  be  termed  a  Pseudocarp,  and  may  be  composed  of  a  single  fruit  or  of  a 
number  of  true  fruits  together  wiih  the  surrounding  parts  which  have  undei^one 
peculiar  development.  Thus,  for  example,  the  strawberry  is  a  pseudocarp,  the  axial 
part  (or  receptacle)  of  the  flower  swelling  out  and  becoming  fleshy,  and  bearing  on  its 
surface  the  true  small  fruits.  In  the  'hip'  of  the  Rose  the  hollow  urn-shaped  flower- 
stalk  (a^ain  the  receptacle)  encloses  the  separate  rips  fruits  in  the  form  of  a  red  or 
yellow  succulent  envelope.  The  apple  is  also  in  the  same  sense  a  pseudocarp;  and  the 
mulberry  results  from  a  whole  spike  of  flowers,  the  perianth-leaves  of  each  separate 
flower  swelling  and  becoming  fleshy  and  enclosing  the  small  dry  fruit.  In  the  fig  the 
hoUowed-out  stalk  of  the  whole  inflorescence  forms  the  pseudocarp,  bearing  the  fruits 

Starting  from  the  definition  that  a  fruit  is  always  the  product  of  a  single  ripe  ovary, 
it  follows  that  several  fruits  may  arise  from  one  flower,  whenever,  namely,  there  is  more 
than  one  mono  carpel  lary  ovary  in  the  flcvier ,  ra  other  words,  when  the  flower  is  poly- 
carpellary  and  apocarpous;  each  carpel  therefore  produces  2.  lanple  fruit.  The  simple 
fruits,  taken  together,  may  be  termed  an  aggregate  fruit  but  it  would  be  much  better  to 
apply  to  it  the  term  Syncarp.  Thus,  t(  r  example,  the  small  fruits  resulting  from  the 
flower  of  Sjinunculus  or  Clematis  or  the  larger  ones  tiom  the  flower  of  Paonia  or  Helte- 
barus,  form  together  a  syncarp.  Ot  a  similar  character  is  the  blackberry,  consisting 
of  a  number  of  drupe-like  fruits,  the  product  of  a  single  flower  The  fleshy  receptacle 
of  the  Rose-hip  again  encloses  a  syncarp,  but  the  separate  fruits  constitutcng  it  are  in 
this  case  dry  and  not  fleshy.  The  sjncai-p  must  not  be  eonlounded  with  the  pseudocarp 
resulting  from  an  entire  inflorescence,  as  m  the  cases  of  the  mulberry  and  fig  already 
named,  or  the  pino-apple,  or  Benthamia  fragifera 

The  single  multilocular  ovary  of  a  flower  may  undergo  transformation  so  as  to  pro- 
duce two  or  more  parts,  each  containing  seeds  and  appearing  liLe  simple  fruits,  and 
hence  termed  Mericarps  while  the  whole  fruit  is  called  a  Schizocarp.  This  separation 
may  t  k    pi  t  j        ly  p  riod  in  the  process  of  the  formation  of  the  fruit ;  as  in 

Iropaol  m      \\  h  1       1         nclosing  a  single  seed,  becomes  rounded  and  at  length 

entirely  p  t  d  fr  n  th  thers  as  a  closed  mericarp;  and  in  Boragine<e  and 
Labiatse       h  h     f    h     t        carpels  produces  two  one-seeded  chambers,  all  four 

becoiT  g  t  i  gth  mpl  t  ly  parated,  and  surrounding  the  style  as  distinct  mericarps 
(here      II  d  C  / )  tl         paration  only  takes  place  by  the  splitting  and  rupture 
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of  certain  plates  of  tissue  in  the  fully  ripe  fruit  (as  in  Unibellifers  and  Jc£r),  then  termed 
a  Cremecarp,  where  the  fruit  breaks  up  into  two  one-seeded  halves  or  meritarps  by  the 
splitting  of  the  dissepiment  or  '  carpophore '  along  its  length.  The  quinquilocular  fruit 
of  Geranium  splits  up  in  the  same  manner  mto  hve  one-seeded  mericarps. 

True  single  fruits  are  in  generil  unilocular  or  multilocular,  according  as  the  ovary 
was  divided  or  not.  But  the  unilocular  o\  irj  may  produce  a  multilocular  fruit  by 
spurious  dissepiments,  i.e.  such  as  cannot  be  considered  as  the  refiexed  margins  of  the 
carpels ;  and  the  loculi  of  such  a  fiuit  may  he  either  one  above  another  or  side  by  side> 
The  compartments,  for  example,  of  the  legume  (lomentum)  of  some  Papilionacese  and 
of  Cassia  fistula  lie  one  over  another,  while  the  two  spurious  loculi  of  the  legume  of 
Astragalus  lie  side  by  side.  A  multiiocuhr  ovary  may,  -vice  -versa,  produce  a  unilocular 
fruit  by  the  suppression  of  one  or  more  loculi,  as  m  the  Oak  and  Lime.  A  classification 
of  fruits  into  monocarpellary  and  poljcaipellary  cannot  therefore  be  carried  out  as  it 
can  be  in  ovaries;  the  terms  having  now  a  different  application 

The  wall  of  the  ovary  becomes  the  wall  ol  the  trmt  or  Pericarp  If  sufficiently  thiLk, 
it  can  generally  be  divided  into  two  or  three  lajer-,  the  tissue  ot  wh  ch  i=  deielopcd 
differently ;  the  outer  one,  often  nothing  but  the  epidermis,  is  then  called  the  Bjiiarp, 
and  the  inner  one  the  Endocarp  If  another  one  les  between  the^  it  Js  called  the 
Mesocarp,  or  when  it  possesses  a  fleshy  character  the  Sarcocarp 

Using  the  nomenclature  which  has  now  been  described,  we  miy  classity  all  true 
fruits  into  two  principal  sections,  ind  eich  ot  these  again  into  subdivis  ons  according  to 
whether  the  pericarp  consists,  when  the  Iruit  is  ripe  ot  succulent  fleshy  layers  or  not, 
and  whether  the  fruit  dehisces  in  order  to  allow  the  escape  ot  the  seeds  uhich  bcLomL 
detached  from  the  placenta,  or  not ,  viz. 

A.  Dry  Fruits.  Pericarp  woody  or  tough  and  leathery,  the  cell-sap  having 
disappeared  from  its  cells. 

a.  Dry  IndeMscent  Fruits.  The  pericarp  does  not  split  open,  but  encloses  the 
seed  till  germination ;  the  testa  is  thin  and  membranous,  and  but  little 
developed. 

(o)  One-seeded  dry  indehiseent  fruits. 

I.  The  Nut  or  Glans.-  the  dry  pericarp  is  thick  and  hard,  and  consists  <rf 

lignified  sclerenchymatous  tissue ;  'C.g.  the  Hazel-nut. 
a.  The   Caryopsis  or   Achenium:   the   dry   pericarp   is   thin,  tough,  and 
leathery,  in  close  contact  with  the  seed,  and  separable  or  not  from 
the  testa;  as  the  fruit  of  Compositfe,  Grasses,  the  Sweet-Chestnut. 
(3)  Bi-  or  multilocular  dry  indehiseent  fruits. 

%.  These  are  mostly  Scbisiocarps   splitting   up    into   Meriearps,  each   of 
which  resembles  a  nut  or  achenium ;  e.g.  Umbelliferje,  Geraniaceje. 
When  the  mericarp  is  winged,  as  in  Acer,  it  is  called  a  Samara, 
h.  Dry  Dehiscent  Fruits  or  Capsules  in  the  more  general  sense.    When  the 
fruit  is  perfectly  ripe,  the  pericarp  bursts  or  splits  to  allow  the  escape  of  the 
seeds,  which  are  themselves  clothed  with  a  strongly  developed  usually  hard  or 
tough  testa.     They  generally  contain  more  than  one  seed, 
(a)  Capsules  with  longitudinal  dehiscence: — 

4.  The  Follicle  consists  of  a  single  carpel  which  splits  along  the  ventral 

suture  or  coherent  margins  of  the  carpels  which  bear  the  seeds ;  as 
in  Paonia,  Aquilegia,  and  Illicium  anisalum ;  in  Aichpias  the  thick 
placenta  also  becomes  detached. 

5,  The  Legume  Consists  also  of  a  single  carpel,  which  however  splits  not 

only  along  the  ventral  but  also  along  the  dorsal  suture,  and  thus 
separates  into  two  halves;  Phaicoius,  Pimm, 
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6.  The  Siligua  consists  of  two  carpels  which  fonn  a  biloeular  fruit  with  a 

longitudinal  (spurious)  dissepiment ;  the  two  halves  of  the  pericarp 
separate  from  the  dissepiment  and  the  placenta  which  remain  behind 
{replum);  Crueiferx. 

7.  The  CapjuU  (in  the  narrower  sense  of  the  term)  results  from  a  poly- 

carpellary  unilocular  or  multilocular  ovary,  and  splits  longitudinallv 
into  two  or  more  lohes  and  valves,  which  separate  from  one  another 
only  partially  from  the  apex  downwards  (as  in  Cerastium),  or  entirely 
to  the  base.  If,  in  a  multilocular  fruit,  the  fissures  cause  the  dis- 
sepiments themselves  to  split,  the  dehiscence  is  leptlddal  [as  in 
Cohbicum) ;  if,  on  the  contrary,  the  fissure  is  in  the  middle  between 
each  pair  of  dissepiments  [i.  e.  along  the  dorsal  suture  of  the  carpels), 
the  dehiscence  is  locuticldal  (as  in  Tullpa  and  Hiihcuj) ;  if  again  a 
part  or  the  whole  of  each  dissepiment  remains  attached  to  a  central 
column  (which  in  the  latter  case  is  winged),  from  which  the  valves 
become  detached,  the  dehiscence  is  septifragal  (as  in  Daturay.  If 
the  capsule  results  from  a  unilocular  polycarpellary  ovary,  the 
separation  of  the  valves  may  take  place  either  at  the  sutures  cor- 
responding to  the  septicidal  dehiscence  (as  in  Gentiana),  or  in  the 
middle  between  them,  corresponding  to  the  loculicidal  dehiscence 
(as  in  r>ola). 
[&)  Capsules  with  transverse  dehiscence ; — 

8.  The  Pyxid'mm  opens.by  the  separation  of  an  upper  part  of  the  pericarp 

which  falls  off  like  a  lid,  while  the  lower   part  remains  attached 
to  the   flower-stalk  in  the  form  of  an  urn  {e.g.  Flaiitago,  Hyoscy- 
amai,  Anagallh). 
{y)   Capsules  opening  by  pores; — 

9.  The  term  Pore-capjuh  might  be  given  to  those  in  which  openings  of 

small  size  result  from  small  valves  becoming  detached  at  certain 
points  of  the  pericarp ;  the  small  seeds  being  shaken  out  by  the 
wind  through  these  openings  {e.g.  Papa-ver,  Antirrhinum). 

B.  Succulent  Fruits.     The  tissue  of  the  pericarp  or  certain  layers  of  it  remain 
succulent  until  the  fruit  is  ripe,  or  assume  a  fleshy  pulpy  texture, 

c.  Sueoulent  IndefiiBcent  Frulta.     The  succulent  pericarp  does  not  burst,  and 
the  seeds  therefore  do  not  escape. 

10.  The  Drops  or  Stone-fruit.     A  mesocarp  of  fleshy  texture  and  usually 

considerable  thickness  lies  within  a  thin  epicarp ;  the  endocarp 
forms  a  thick  hard  layer  (the  stone,  called  also  the  putameti)  which 
usually  encloses  only  one  seed  with  a  membranous  testa  (the  Plum, 
Cherry,  Peach,  &c.). 

1 1 ,  The  Berry.    Tlie  rest  of  the  tissue  of  the  pericarp  is  developed  in  the 

form  of  a  succulent  pulp  within  a  more  or  less  tough  or  hard 
epicarp,  the  seeds  being  imbedded  in  the  pulp  and  surrounded  by  a 
firm  or  even  hard  testa.  The  berry  is  distinguished  in  general  from 
the  drupe  by  the  absence  of  a  hard  endocarp,  and  usually  contains 
more  than  one  seed  (as  the  Currant,  Gourd,  Pomegranate,  Potato- 
berry),  but  sometimes  only  one  (as  the  Date).  Closely  resembling 
the  berry  is  the  fruit  of  the  various  species  of  Citrus,  sometimes 
called   Heiperidiiim,  the   pericarp  of  which   consists   of  a   leathery 

'  [Septifragal  dehiscence  may  lake  place  either  seplicitlally  (as  in  Rhododendron,  Kalmiii)  or 
loculicidally  (Dnn,ro).J 
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outer  layer  and  a  pithy  inner  layer ;  at  a  very  early  period  multi- 
cellular protuberances  are  developed  from  the  innermost  layer  of 
tissue  of  the  wall  of  the  multilocular  ovary,  which  gradually  fill  up 
the  cavity  of  the  loculi  of  the  fruit  with  isolated  but  closely 
crowded  succulent  lobes  of  tissue,  and  form  in  this  case  the  pulp. 
d.  Suoculent  Dehiscent  Fruits.  The  succulent  but  not  fleshy  pericarp. splits  and 
allows  the  escape  of  the  seeds  which  have  usually  a  strongly  developed  testa. 

12.  The  term  Succulent  Capiule  might  be  given  to  those  fruits  the 
succulent  pericarp  of  which  opens  by  dividing  into  lobes,  and  allows 
the  seeds  to  escape  (as  in  the  Horse-Chestnut  and  Balsam). 

13.  The  fruit  of  the  Walnut  corresponds  again  to  the  drupe;  the  outer 
succulent  layer  bursts,  a  stony  endocarp  surrounding  the  thin- 
skinned  seed.     It  might  be  called  a  Dehiscent  Drupe. 

14.  The  fruit  of  Napiar  bears  more  resemblance  to  a  berry,  but  differs  in 
the  bursting  of  the  outer  firm  layer  of  the  pericarp;  it  may  be 
termed  a  Debiscent  Berry;  in  iV.  ad-vena  this  exposes  an  inner 
coating  of  each  loculus  of  the  fruit,  which  floats  for  some  time  on 
the  water  like  a  bag  filled  with  seeds, 

n  here  given  includes  only  the  more  common  forms  of  fruits;  there 
h'  h  t  b    pi      d  tly  'n  any  of  the  above  categories, 

t       1      t        on  the  development  of  the 
firn  d   harder   in   proportion   to   the 

th      1  tt       b  rsts  lo  allow  the  dispersion  of 
p      t     gh  or  woody,  and  encloses  the 
p  t   d    pe,  and  schizocarp,  the  testa 

d    p  trongly  developed   and   very 

th      D  t         d   Plyteliphas.     The  testa  of 
d  by       distinctly  differentiated  epi- 
f  th       p  d  rmis  whether  the  seed  has  a 
)         d   pi  y         ariety  of  sculpturing,  such  as 
JOT      D  Papa-ver,N!gella,&.c.).     The 

tlj  g  t     hairs;  cotton  consists,  for 

1  th     th  d  of  Gossypium;  in  some  cases 

1  ped  as  ji  lepiai  syriaca.  The  epidermal 
PI  g  P  }l!  m  dnrncr/fl,  and  f^io^J,  contain 
layers  ot  cellulose  which  have  become  converted  into  mucilage,  swell  up  strongly  with 
water,  become  separated,  and  envelope  the  seeds  when  moist  in  a  layer  of  mucilage. 
Pericarps  which  are  indehiscent  and  which  contain  small  seeds  not  unfrequently  assume 
a  character  closely  resembling  that  of  the  testa  of  the  seeds  of  dehiscent  fruits;  and 
this  is  especially  the  case  with  the  achenium  and  caryopsis,  which  are  hence  popularly 
called  seeds.  The  corona  of  hairs  which  serves  as  an  apparatus  for  the  dissemination  of 
many  seeds  through  the  air  is  frequently  developed  in  the  caryopsis  as  an  appendage  of 
the  pericirp  (is  the  pappus  of  Composita:,  which  properly  replaces  the  superior  calyx). 
Th        ng    a  t  th    «.    e  p    pos    which  are  formed  during  the  development  of 

thtt      tso  dndh       ntf  uits  {seen  in  an  especially  beautiful  manner  in 

Sg      la)  th     p         rp  of  indehiscent  fruits  (as  in  Acer).     The  muci- 

Ig  pdrm       pk         fb  f  the  seeds  of  dehiscent  fruits  recurs  in  the  epi- 

drrtth  \        i  S  I  \  other  Labiats,  &c.     These  and  a  number  of 

th      t    ts    I    w  th  t     II  th  t  t  ally  required  in  the  development  both  of  the 

'  [For  other  recent  attempts  to  classify  fruits,  see 
vol.  IV.  p.  347,  aad  Joum.  of  Bot.  1871,  p.  370; 
Nature,  vol.  V,  p.  6  ;  and  Gray,  Structural  Botany,] 
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perica  p      d  th     I    t        t    I  h  m  t      th     d  t  f  th  1 

ways ;     t      t    es      h    h  P'    '  },      H  y  d  ff        t   th         tt         g   th     s. 

physiol  g     1  d      1  p       t      hi      hose  wl    h  ph  1  i,     lly         I        tt       th 

most  phj      I  g      1  d      I  p        t      A  d  t    1  d  t  th      f        m 

the  pr  f  phj      I  by       d  b    1  gy  tl  th  t     f  m    ph  [  gy       d    las   h    t 

(SeeB     kill) 

To       mpl  t     th        bject     f       m       1  t     e,   t      Ij  t        m     L  th  t  th     p  rt 

of  the       d     h        t  has  b  1  t    h  d  1    m  th     t         1    —       11  lit 

guished    ft      t  il    g      t—     t    m  d  th    H;  mil  Th    m       pjl  tt 

also  tbregaedlyg  tp  d  Pyltp  dl         bdth 

hiium  (as        F  6     Ph       I  d  C   }J  /  )    g  lly  w    t  p  tted        th     raddi 

When       tg       th  th      eed      th        1     g  th        ph     as        CA  J  ^  j 

Aiaram    I    /      &  h  j,  th  pi  E  fil     b       th  y 

variously  called  Crest,  Slrophiole,  or  Caruncle.  The  jiril  which  envelopes  the  base  of  the 
ripe  seed  or  the  entire  seed  as  a  fleshy  succulent  mantle  and  is  easily  removed  from  the 
true  firm  testa  has  already  been  described  in  detail. 


CLASS    XI. 

MONOCOTYLEDONS. 

The  Seed  of  Monocotyledons  usually  confains  a  strongly  developed  endosperm 
and  a  comparatively  small  embryo ;  and  this  is  exhibited  in  an  especially  striking 
manner  in  large  seeds,  such  as  those  of  Cocas,  PAremx,  Phytehphas,  Crinum,  &c. 
In  the  Naiadeje,  Juncaginefe,  Alismacefe,  and  OrchideEe,  the  endosperm  is  wanting 
from  the  first ;  and  in  the  ScitaraineEe,  where  it  is  usually  wanting,  it  is  replaced  by  a 
copious  perisperm. 

The  Emhryo  is  usually  cylindrical,  fusiform,  and  sometimes  considerably 
elongated,  and  is  then  also  curved  spirally  (e.g.  in  Potamogeton  and  Zanuhellia); 
its  form  is  not  unfrequenlly  that  of  an  erect  or  inverted  cone,  in  consequence  of 
a  considerable  thickening  of  the  upper  end  of  the  cotyledon.  The  axis  of  the 
embryo  is  generally  very  short  and  small  in  comparison  to  the  cotyledon ;  in 
the  Helobife  on  the  contrary  the  axial  portion  of  the  embryo  forms  the  greater 
part  of  it  At  the  posterior  end  of  the  axis  is  the  rudiment  of  the  primary  root, 
in  addition  to  which  two  or  more  lateral  roots  also  originate  in  Grasses,  which,  like 
the  primary  one,  are  surrounded  by  a  root-sheath  (Fig.  124,  see  also  p.  588).  The 
embryo  of  Grasses  is  also  distinguished  by  the  presence  of  the  Sculellum,  an 
outgrowth  of  the  axis  beneath  the  cotyledon,  which  envelopes  the  whole  of  the 
embryo  like  a  mantle,  and  forms  a  thick  peltate  plate  on  the  posterior  side  where 
it  is  in  contact  with  the  endosperm'.     In  the  Orchideie,  Apostasiacese,  and  Bur- 

■  [Van  Tieghem  (Ann.  des  Sci.  Nat.  5th  series,  vol.  XV,  1872)  gives  a  useful  summary  of  the 
various  views  which  have  been  held  with. respect  lo  the  homology  of  ihe  parts  of  the  embryo  of 
Grasses.  He  regards  the  scutellum  as  the  cotyledon,  and  what  Sachs  considers  the  cotyledon  as  only 
its  strongly  developed  ligiile.  Accerdingto  Hegelmaier  (Bot.  Zeitg.  1814)  the  cotyledon  of  Grasses 
consijts  of  two  parts;  the  one  forms  Ihe  scultilitm,  the  other  forius  a  sheath  round  the  plumule.] 
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nianniaceK,  the  parts  of  tlie  embrjo  of  the  ripe  seed  are  not  differentiated;  it 
consists  of  a  round  mass  of  tissue  on  which  the  plumule  is  developed  only  during 
germination 

Germttialion^  either   begins  at  once  with  the  lengthening  of  the  roots-their 


protrusion  causing  in  Grasses  the  rupture  of  the  root-sheath  which  envelopes  them,, 
and  which  remains  attached  to  the  axis  of  the  embryo  as  the  coleorhiza  {Fig.  123), 
—or,  as  is  more  commonly  the  case,  the  lower  part  of  the  cotyledon  lengthens, 


'  See  Sachs,  Bot.  ZeiCg.  1862  and  \ 
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and  pushes  the  end  of  the  root,  together  with  the  pluiKule  which  is  enveloped 
by  the  sheath  of  the  cotyledon,  out  of  the  seed  (Fig.  419),  while  its  upper  part 
remains  in  the  endosperm  as  an  organ  of  alisorption,  until  the  endosperm  is 
consumed.  In  Grasses,  however,  the  whole  of  the  plumule  projects  from  the  seed, 
the  scutellum  only  remaining  behind  in  it,  in  order  to  convey  to  the  embryo  the 
food-material  contained  in  the  endosperm. 

The  growth  of  the  primary  root  of  Monocotyledons  soon  ceases  even  when 
it  is  very  strongly  developed  during  germination,  as  in  Palms,  Liliacese,  Zea,  &c.; 
lateral  roots  are  produced  in  its  place,  springing  from  the  axis,  which  are  stronger 
the  higher  up  they  are  produced  on  it.  No  such  permanent  root-system  is 
developed  from  the  primary  root  of  Monocotyledons  as  is  found  in  Gymnosperms 
and  in  many  Dicotyledons;  sometimes  no  roots  at  all  are  produced,  as  in  some 
Orchidaceous  saprophytes  destitute  of  chlorophyll  {as  Epipogium  and  Corallorhiza), 
which  never  possess  any  roots. 

The  plumule  of  the  embryo  is  usually  completely  enclosed  in  a  single 
sheath-like  structure,  the  first  leaf  or  cotyledon,  which  developes  either  into  a 
sheath-!lke  cataphyllary  leaf  or  at  once  into  the  first  green  foliage-leaf  of  the 
young  plant  (as  in  Allium).  Within  the  cotyledon  there  is  generally  a  second 
and  sometimes  (in  Grasses)  a  third  and  fourth  leaf,  which  protrude  on  germination 
out  of  the  sheath  of  the  cotyledon,  increasing  by  intercalary  growth  at  their  base ; 
these  and  the  leaves  which  are  formed  subsequently  are  larger  the  later  they  are 
formed  on  the  growing  axis.  The  axis  usually  remains  very  short  during  germi- 
nation without  forming  any  distinct  internodes  {Allium,  Palms,  &c.),  or  it  lengthens 
more    rapidly  and    becomes   segmented   into    evident   internodes    {Zea   and   Other 


The  increase  in  strength  of  the  plant  may  take  place  by  the  powerful  growth 
of  the  axis  of  the  embryo  itself,  so  that  this  at  length  forms  the  primary  stem 
of  the  mature  plant  bearing  the  organs  of  reproduction,  as  for  instance  in  most 
Palms,  Aloes,  Zea,  &c.  If  the  axis  of  the  embryo  remains  short  while  it  increases 
in  strength,  it  may  grow  considerably  in  thickness  and  form  a  tuber  (Fig.  420), 
or,  if  the  bases  of  the  leaves  become  thick  (as  in  Allium  Cepa),  a  bulb.  If  the 
axis  of  the  embryo  itself  developes  into  the  primarj'  stem,  whether  into  an  upright 
one  or  a  creeping  rhizome,  it  first  of  all  takes  the  form  of  an  inverted  cone,  which 
is  elongated  or  abbreviated  according  to  the  length  of  the  internodes.  This 
peculiarity,  which  belongs  to  most  Monocotyledons  in  common  with  Ferns,  depends 
on  the  absence  of  any  subsequent  increase  in  thickness ;  the  portions  of  the  stem 
first  formed  retain  their  size,  while  each  successive  portion  is  larger  ;  the  diameter 
of  the  stem  is  therefore  so  much  larger  the  nearer  it  is  taken  to  the  apex.  As 
long  as  this  growth  proceeds,  the  stem  continues  to  grow  stronger  ;  but  sooner 
or  later  there  comes  a  time  when  every  portion  of  the  stem  acquires  the  same 
thickness  as  the  previous  one ;  the  stem  then  becomes  cylindrical,  or,  if  it  is 
compressed  like  some  rhizomes,  still  with  a  uniform  breadth.  The  lateral  shoots 
exhibit  the  same  peculiarity  when  they  spring  low  down  from  the  primary  stem 
(as  in  Aloe;  &c.).  But  the  primary  shoot  which  springs  from  the  embryo  not 
unfrequently  disappears  after  producing  lateral  shoots  which  grow  more  vigorously 
than  it,  and  these  again  transfer  the  further  growth   to  new  shoots,  which  now 
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produce  from  generation  to  generation  thicker  axes,  larger  leaves,  and  stouter 
rcots,  until  at  4ength  a  condition  again  results  in  which  each  successive  generation 
of  shoots  produces  .others  of  equal  strength.  If  the  portions  of  the  axes  of  the 
shoots  beneath  the  points  where  the  shoots  of  the  next  order  arise  are  persistent, 
sympodia  arise  (as  represented  in  Fig-.  143);  fe«t  frequently  each  shoot  entirely 
disappears  after  producing  one  of  the  next  order,  as  for  instance  in  our  native 
tuberous  Orchids  (Fig.  igS),  or  in  the  Crown-Imperial  (Fig.  421),  or  Autumn 
Crocus  (Fig.  422)'. 

The  normal  Mode  of  Branching  of  Monocotyledons  is  always  monopodial 
and  usually  axillary  = ;  a  bud  is  generally  formed  in  the  axil  of  each  leaf,  but  often 
does  not  unfold,  so  that  the  number  of  branches  visible  is  often  less  than  that 
of  the  leaves  (as  in  Agave,  AM,  Dracana,  Palms,  many  Grasses,  &c.).  But  some- 
times several  buds  are  formed  in  the  axil  of  a  leaf,  and  if  the  insertion  of  the 
leaf  is  broad  these  are  placed  side  by  side,  as  occurs  in  many  bulbs  (Fig.  130). 


In  Musa  a  number  of  flowers  even  stand  side  by  side  in  the  axil  of  a  bract, 
and  in  Musa  Enseie  two  rows  one  over  the  other.  In  the  Spadiciflorje  the  bracts 
are  often  absent',  and  the  ebracteate  flowers  stand  on  the  rachis  of  the  inflorescence, 
but  are  distinctly  lateral  in  their  origin.  This  is  also  the  explanation  of  the 
branching  of  Lemna,  which  does  not  in  general  form  any  foliage-leaves,  but 
the  vegetative  body  of  the  plant  consists  of  disc-like  or  swollen  portions  of  the 
axis  containing  chlorophyll  which  branch  laterally  out  of  one  another,  and  are 
connected  together  only  by  slender  stalks,  or  soon  separate.  The  plane  of  rami- 
ficatiori  coincides  with  the  surface  of  the  water  on  which  they  float;    each  shoot 


'  Further  details  of  the  great  variety  of  modifications  of  these  processes  of  growth  will  be  found 
in  Innisch,  Knollen  und  Zwiebelgewachse  (Berlin  1850),  and  Biologic  und  Morphologie  der 
Orchideen  (Leipzig  iSjj). 

"  AcL-ording  to  Magnus  (Bot.  Zeitg.  1869,  p.  770)  the  flower  of  Nnms  occupies  exactly  the  place 
of  the  first  leaf  of  a  branch ;  but  it  appears  from  p.  77 1  as  Itiough  the  flower  and  the  shoot  that 
bears  it  were  the  bifurcations  of  a  dichotomy. 

'  Compare  under  Dicotyledons,  p.  638. 
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produces  only  one  or  a  pair  of  opposite  lateral  shoots,  and  the  branching  is  fherefore 
distinctly  cymose,  sympodial,  or,  as  in  Lemna  irisuka,  dichasial. 

Besides  the  formation  of  shoots  by  the  branching  of  the  asis,  adventifious 
shoots  also  sometimes  occur  on  leaves  which  perform  the  function  of  gemmie ; 
as  for  insiance  on  the  margins  of  the  leaves  of  Hyacinlhus  Pouzohti  and  some 
Orchids  {Doll,  Flora,  p.  348)'.  The  large  gemmse  which  appear  very  regularly 
at  the  point  of  junction  of  the  leaf-stalk  and  lamina,  and  at  the  base  of  the  lamina 
of  Alherurus  krnalu.s,  are   especially  striking.      The   small  bulbs  on   the  siem   of 


'  [On  the  tnids  developed  on  the  leai-es  of  Malaxis  which  exhibit  a  striking  resemblance  to  the 
ovules  of  Orchidefe,  see  Dickie,  Joum.  Linn.  Soc  vol.  xiv  pp.  i  and  180.  Dr.  Dickie  considers  the 
strnclure  of  these  buds  lo  favour  the  theory  that  the  ovule  is  homologous  to  a  bud,  the  nucellus-like 
body  of  the  bud  corresponding  to  an  axis.  See  ako  Henslow  on  Mal/txii,  Mag.  Nat.  Hist,  vol  I. 
1829,  pp.  441,  441] 
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Lilium  lulbiferum  are,  on  the  other  hand,  normal  axillary  sbools,  and  probably 
the  same  is  the  case  with  those  on  the  infloresence  of  some  species  of  Allium. 
Adventitious  buds  are  stated  by  Hofmeister  to  occur  on  tlic  roots  of  Epipactis 
microphylla. 

The  Leaves  of  Monocotyledons  are  seldom  verticillate,  though  this  occurs  in 
the  foliage-leaves  of  Elodea  and  the  bracts  of  Alisma ;    they  are  very  commonly 


arranged  alternately  in  two  rows,  as  in  Graminea,  Iride^,  Phormium,  Clivia,  Typha, 
&c.  This  arrangement  either  prevails  over  the  whole  shoot  together  with  its 
secondary  shoots,  or  occurs  only  at  iirst,  and  then  passes  into  spiral  arrangements, 
which  very  commonly  lead  to  the  formation  of  rosettes  radiating  on  all  sides,  as 
in  Aloe'  (see  Fig.  152,  p.  193),  Agave,  Palms,  &c.     The  arrangement  with  the  angle 


of  divergence  Vj  is  much  rarer,  hut  occurs  in  some  species  of  A/o^,  Carex,  Pan- 
danus,  &c.  Spiral  arrangements  with  a  smaller  divergence  than  V3  also  occur 
sometimes;  as  e.g.  in  Musa  (in  M.  rubra  the  angle  is,  according  to  Braun,  °/,  in 
the  foliage-leaves,  V,i  in  the  bracts),  and  Coslus  (where  the  angle  of  the  foliage- 
leaves  is  from  7,  to  Vb),  &c.  The  axillary  shoots  of  Monocotyledons  mostly  begin 
with  a  leaf  in  close  contact  with  the  primary  axis  and  with  its  back  turned  towards 
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it,  and  usuallj  L  cinnale  Of  this  character  must  be  cons  dered  fcr  in  tance  the 
upper  pale  of  the  flower  of  Grasses  whch  is  itself  an  axilhr>  shoot  of  the  lower 
pale.  \\  hen  the  phjUota^is  of  successive  orden,  of  shoots  ii  alternate  in  two  rows 
the  result  of  this  arrangement  is  that  a  whole  sj  tem  of  shooti  is  biUleral  or  may 
be  divided  bj  a  plane  which  bisects  the  le«es  (as  in  PotamogUon   Typha  &c ) 

The   mode    of    insertion    of    tie    eataphjUary    and    fol  aE;e  leaves     and    very 

often  that  of  the  hypsophylhr)    leaves  (as  for  instance  that  of  the  spathe  which 

is  of  comm  n  occurrence)    is  entirely  or  at  least  generally  impleMcaul    and  the 

lower  pirt  of  the   leaf  is  in   consequence  sheathing      and  ih  s  is  evidently   con 

necled    with   tie   want    of  stipules    whch    are  so   frequei  t 

among  Dicotyledons      The  catapl  \lkry   and   many  of  the 

lipsophjlhry   leaves  are  usually   reduced  to  this  sheathing 

J  art    which   generallv    pi'ises   immediately    into   the   green 

Ian  ina  m  de  case  of  the  folate  lea\es     but  m  Sutami 

ne-B    Palmaceffi    Aroide'e    and    some  others    a   long   and 

comparatively  slender    st^lk   developes   between   the   sheath 

and  the  lam  na      \\  hen   the  leaf  stalk   is  absent    and  the 

lamina   sharpU    mirked   off  'Vom    the    sheath    a  Ltguh    is 

not  unfrequently  present  at  the  point  where  the  two  meet 

as  n  Grasses  and  All  urn  (Fig  425) 
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in  large  numbers  to  the  margin  of  the  leaf.  These  parallel  transverse  nerves  are 
sometimes  united  into  a  lattice-like  network  by  short  straight  anastomosings  (as  in 
Alisma,  Cosius,  and  Ouvirandra,  the  mesophyll  being  absent  within  the  meshes  of 
the  latter).  It  is  only  rarely  (as  in  some  Aroidese)  that  projecting  lateral  veins 
are  given  off  from  the  mid-rib,  a  finer  reticulated  venation  springing  from  them. 

The  Flower  of  Monocotyledons  usually  consists  of  five  alternating  isomerous 
whorls ;  viz.  an  outer  and  an  inner  perianth -whorl,  an  outer  and  an  inner  whorl 
of  stamens,  and  a  carpellary  whorl,  which  is  succeeded  by  a  second  carpellary  whorl 


only  in  AlisHiacere  and  Juncagineas.  The  most  common  typical  flora  formula  is 
therefore  5'„/'„5'4^„  C„(^.„).  It  is  only  in  the  Hydrocharidese  and  a  few  other 
isolated  cases  that  the  number  of  whorls  of  stamens  is  larger.  Where  in  other 
cases,  as  Butomus,  an  increase  of  the  typical  number  of  stamens  occurs,  this  takes 
place  by  dMoubhnuni  without  any  increase  of  the  number  of  whorls  (Fig.  431  A).  , 
The  number  of  members  in  each  whorl  is  two  iS^P^Si^^^  C^,  in  only  a  very- 
few  cases  scattered  through  the  most  different  families  (i;,^.  in  Maianlhemum-^nA  some 
Enantioblastfe ;   it  is  sometimes  four  or  five  (occasionally  in  Paris  quadrifoUa  and 


in  some  OrontiaccEe) ;  but  the  usual  number  of  members  in  each  whorl,  is  three, 
and  the  typical  formula  therefore  S^  P^  ^hvi  Q(+3>  I"  ^^  large  section  of  Lilii- 
florse,  in  some  Spadiciflor^,  and  in  many  Enantioblastae,  Juncaginese,  and  Alis- 
macefe ',  this  typical  floral  formula  is  at  once  obtained  empirically ;  in  most  others 
particular  members  or  whorls  are  wanting,  but  the  abortion  of  these  is  generally 
at  once  evident  from  the  position  of  those  that  are  present.  In  the  Scitaminese 
with  only  one  or  even  with  only  half  an  anther  (Fig.  439,  430)  the  rest  of  the 
members  of  the  andrcecium  are  present  or  only  partially  deficient,  but  are  trans- 

1  The  dimerous  flower  of  Po/omoge(oB  {S^P^Sl^^  tC,-]  (see  Hegelmaier,  Bot.  Zeitg.  1870,  p.  287) 
difleis  from  the  typical  formula  only  to  this  extent,  tha,t  the  foui  carpels  arise  simaltaneously,  and 
are  placed  diagonally  to  the  preceding  pairs. 
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formed  into  petaloid  starninodes.  It  has  already  been  pointed  out  how  the  flowers 
of  Grarainese  and  Orchidese  can  be  traced  back  to  the  trjmerous  pentacyclic  type ; 
the  theoretical  diagrams  here  given  (Figs.  426 — 433)  will  answer  the  same  piirpope 
for  some  of  the  other  more  important  families. 

If  the  pentacyclic  fiower  with  the  formula  iS'„i'„i'4^„  C„(^„)  is  considered  as 
the  typical  one  for  Monocotyledons,  it  will  be  seen  that  the  great  majority  of 
families  the  number  of  whose  parts  deviates  from  this  type  do  this  only  by 
the  suppression  of  single  members  or  of  whole  whorls,  the  typical  position  of 
those   that  still   remain  with    respect   lo  one  another  not  being  disturbed.     The 


v-inetj  in  the  forms  of  flowers  in  this  class  is  therefore  brought  about  almost 
entire!)  by  abortion'  and  it  is  not  uncommon  for  abortion  to  be  earned  to  such 
an  extent  in  ]\Ionot  Jt)  ledons  that  nothmg  is  left  at  last  of  the  whole  flower  but 
a  single  naked  o*iry  or  a  single  stamen  as  happens  frequentl)  in  Aroideee.  In 
these  cases  a  similar  explanatirn  of  the  relationshij  b  of  the  parts  of  the  flower  is 
rendered  possible  ind  even  e^dent  b\  the  occurrence  of  flowers  with  the  actual 
tvpic-il  structure  and  bj  a  complete  senes  of  Iransiticns  caused  b)  partial  abortion. 
It  IS  especiOlj  m  small  closelj  crowded  tlowers  as  those  of  Sp^diciflorse,  Glumi- 
flor'fi  &c    tlat  w  e:reat  a  reduction  of  the  tvpcil  number  of  members  is  observed; 


while  in  larger  and  more  isolated  flowers  the  number  of  members  in  each  whorl 
IS  usuallv  complete  cr  even  excessive  (as  Butomus  and  HjdriH/ians)  and  deiiations 
usuill)  re'inlt  from  j>eta!s  (or  petaloid  staminodes)  being  formed  m  the  place  of 
fertile  stamens  (i  g  ScitamineEe)  With  reference  to  the  abortion  which  is  oken 
carried  to  so  great  an  extent  in  small  floweis,  it  may  m  certain  cases  even  be 
doubtful  whether  in  an  assemblage  of  stamen-,  and  carpels  we  ha\e  a  single  flower 
or  an  inflorescence  consisting  of  several  flowers  reduced  to  a  very  simple  '•tate  by 
abortion,  as  for  ex'imj  le  in  Lcmna 


'  Compire  «hit  was  -.-lid  01 


andu   thelntrrdui. 


oAii^i  =pern 
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When  both  the  perianth -whorls  are  well  developed,  they  are  usually  similar  in 
structure ;  in  large  flowers  they  are  generally  delicate  and  petaloid  and  either 
brightly  coloured  or  not  (Liliaces,  Orchidese,  &c.);  in  small  flowers  on  the  con- 
trary they  are  firm,  dry,  and  membranous,  as  in  Juncaceae,  EriocauloneK,  &c. 
Sometimes  however  the  outer  perianth- whorl  is  green  and  sepaloid,  the  inner  whorl 
larger,  delicate,  and  petaloid  {Canna,  Alisma,  Tradescaniia) ;  in  the  very  small  and 
closely  crowded  flowers  of  the  Glumiflorfe,  the  perianth -leaves,  when  present,  take 
the  form  of  hairs  (the  sette  of  Cyperacece)  (Fig.  426),  or  of  small  membranous  scales 
(the  lodicules  of  Grasses), 

The  Stamens  generally  consist  of  a  filiform  filament  and  a  quadrilocular  anther  ; 
though  variations  frequently  occur,  especially  in  the  form  of  the  filament  and 
connective.  Among  the  most  striking  deviations  from  the  ordinary  type  are  the 
petaloid  staminodes  of  Cannacere  and  Zingiberacese.  It  has  already  been  pointed 
out  (pp.  491,  541),  that  the  foliar  nature  of  the  stamens  is  subject  to  an  exception 
in  the  Naiadefe  (at  least  in  Naias)  according  to  the  researches  of  Magnus.  The 
stamens  of  Monocotyledons  scarcely  ever  branch,  as  is  often  the  case  in  Dicoty- 
ledons ;  and  this  corresponds  to  the  customary  absence  of  branching  in  the  other 
foliar  structures  also.  If  the  diagram  of  the  flower  of  Canna  (Fig.  430),  drawn 
according  to  Payer's  description,  is  correct ',  the  petaloid  staminodes  are  branched. 

The  Gynaceum  has  usually  a  trilocular  ovary ;  less  often  it  is  tricarpellary  but 
unilocular ;  in  both  cases  it  may  be  either  superior  or  infetior,  but  the  latter  occurs 
only  in  plants  with  large  flowers  (Hydrocharis,  Iridete,  AmaryllideE,  Sciiaminete, 
OrchideEB,  &c.}.  The  formation  of  three  or  more  monocarpellary  ovaries  is  limited 
to  the  alliance  of  the  Joncaginese  and  Alismacece,  in  which  the  ordinary  number 
of  members  and  of  whorls  of  the  gynseceum  is  also  exceeded,  reminding  one  of 
the  Polycarpie  among  Dicotyledons. 

Adhesion  and  displacement  are  not  so  common  in  the  flower  of  Monocoty- 
ledons, and  usually  not  so  complicated  as  among  Dicotyledons ;  among  the  most 
striking  phenomena  of  this  nature  are  the  formation  of  the  gynostemium  of  Oi  cliids  ; 
the  cohesion  of  the  six  similar  perianth-leaves  into  a  tube  in  Hyacinihus,  Con- 
vallaria,  Cokhkum,  &c. ;  and  the  epipelalous  and  episepalous  position  of  the 
stamens  in  the  same  plants  and  in  some  others.  Adhesion  of  the  stamens  to  the 
calyx  or  corolla  occurs  much  less  constantly  in  particular  families  among  Mono- 
cotyledons than  among  Dicotyledons. 

Terminal  flowers  to  a  leafy  primary  shoot  occur  very  rarely  among  Mono- 
cotyledons (1;.^.  in  Tulipa) ;  terminal  inflorescences  are  more  commoa  The  flower 
acquires  a  tendency  to  aygomorphism,  especially  as  it  increases  in  size ;  but  this  is 
often  only  feebly  indicated,  and  attmns  its  highest  development  in  Scitamine^  and 
Orchid  eie. 

The  Ovules  of  Monocotyledons  usually  spring  from  the  margins  of  the  carpels, 
rarely  from  their  inner  surface  (as  in  Bulomtis);  the  single  orthotropous  ovules  of 
Naias  (according  to  Magnus)  and  Typha  (Rohrbach)  arise  by  the  transformation  of 


'  According  to  Eichler's  masterly  description  of  the  flower  of  Canaa  (Bot.  Zeitg.  1873)  the 
relations  of  Che  andrcecium  are  not  quite  those  expressed  in  the  diagram  Fig.  430.  Eicbler  gives  the 
formula  as  being  S,  P,  ffl(on-(o.ii,,)  C,. 
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the  end  of  the  floral  axis  itself  (see  pp.  492,  571);  in  Lemna  and  in  some  Aroideje 
one  or  more  ovules  stand  at  the  bottom  of  the  cavity  of  the  unilocular  ovary.  The 
prevailing:  form  of  the  ovule  is  anatropous ;  but  in  Scitaminese,  GramineK,  and  some 
other  orders,  campylotropous  ovules  occur;  in  the  Enantioblastfe  and  a  few  Aroidese 
they  are  orthotropous,  either  erect  or  pendulous.  '  The  nucellus  is  almost  without 
exception  enclosed  in  two  envelopes  {Crinum  however  forms  an  exception). 

The  Mmiryo-sac^  generally  remains  surrounded  by  one  layer  of  the  tissue  of  the 
nucellus  till  the  time  of  fertilisation;  the  apes  is  sometimes  destroyed  so  that  the 
embryo-sac  projects  (as  in  Hem         U      C  Gl  d  I  s,  &c.) ;   but,  on  the  other 

hand,  the   apex  not  unfrequently      mai  p     f    issue   covering  the  top  of 

the  embryo-sac  (as  in  some  A  1  re  d  L 1  ae)  In  Orchidefe  the  growing 
embryo-sac  completely  destroys    h     1  y  h      envelopes  it  together  with 

the  apes  of  the  nucellus;   and    t      h  pp  f       f    ilisation   in  all   the   other 

Monocotyledons  that  possess  an  d  p  rm  d  h  ase  the  embryo-sac  some- 
times advances  even  to  the  inn  in  g  m  n  nd  d  stroys  it  (Allium  odorans, 
Ophrydete). 

In   the  greater  number  of  M  Id  p    us  development  of  endo- 

sperm-cells   in    the  parietal  pro    pi    m  f  11  q     kl      after   fertilisation.     They 

soon  unite  into  a  layer  of  tissue      d  d     d  g        Ily     ntil  at  length  the  embryo- 

sac  is  filled  with  radial  rows  of      11      h  1      f  d       on.     Narrow  embryo-sacs 

are  filled  up  by  the  growth  of  th     fi  i    p    m      11       but  sometimes  the  cells 

formed  by  free  cell-formation  in    h    p  11  f  p    toplasm  constitute  at  first 

a  loose  mass  which  fills  up  the  y  i       ly     loses  up  into  a  tissue   at 

a  later  period  {e,  g.  Leucojum,  Gaged).  The  narrow  embryo-sac  of  Pislia  is  filled 
up  by  a  row  of  broad  disc-shaped  cells  which  lie  in  it  like  transverse  compartments 
and  are  perhaps  the  result  of  division  of  the  sac  itself.  In  some  Aroidese  only 
a  part  of  the  embryo-sac  is  filled  with  endosperm,  the  rest  remaining  empty. 

The  endosperm  still  continues  to  grow  afVer  it  has  filled  up  the  embryo-sac, 
the  seed  which  it  (ills  increasing  also  in  size.  It  has  already  been  mentioned  how 
considerable  this  growth  is  in  Crinum  (p,  586). 

In  all  those  Monocotyledons  which  form  an  endosperm  (albuminous),  it  becomes 
closed  up  into  a  continuous  tissue  enveloping  the  embryo  before  this  has  completed 
its  growth.  By  the  growth  of  the  embryo  a  part  of  the  endosperm  which  surrounds 
it  is  again  forced  aside;  and  on  this  displacement  depends  the  lateral  position  of 
the  embryo  in  Grasses  by  the  side  of  the  endosperm,  and  the  absence  of  this  latter 
in  some  Aroidese,  But  in  all  the  other  Monocotyledons  which  have  no  endosperm 
(ex albuminous),  Naiadeie,  Potamogetonese,  Juncagineje,  Alismacete,  Cannacese,  and 
Orchidefe,  its  formation  is  altogether  suppressed,  or  transitory  preparations  for  it 
only  take  place. 

On  the  first  origin  of  the  embryo  reference  must  be  made  to  what  was  said  in 
the  Introduction  to  Angiosperms  (p.  589);  there  are  many  points  which  are  siill 
doubtful  in  the  formation  of  the  plumule,  scutellum  (in  Grasses),  and  root,  from  the 
original  small-celled  mass  of  tissue  of  the  embryo. 

'  See  Hofineistet,  Neue  IJeitriige  (Abhandl.  der  konigl.  Sachs.  Geaellscli.  der  Wissensch, 
vol.  VII)  ;  also  etipra,  p.  s;6. 
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themselves  111  the  transverse  plates  or  nodes  which  do  not  elongate  between  ea^h  pair 
of  intemodes.  The  nodes  are  rot  unfrequently  traversed  by  a  network  of  horizontal 
bundles ;  this  is  very  conspicuous  in  the  Maize. 

The  course  of  the  libro-vasculir  bundles  which  has  now  been  described  renders 
impossible  the  separation  of  the  fundamental  tissue  of  the  stern  into  pith  and  cortex 
in  the  sense  in  which  this  occurs  in  Conifers  and  Dicotyledons.  The  parenchymatous 
fundamental  tissue  fills  up  homogeneously  the  spaces  between  the  bundles  which  are 
generally  numerous ;  but  a  separation  takes  place  not  unfrequently  into  an  outer  peri- 
pheral layer  and  an  inner  region,  a  layer  of  tissue  being  formed  between  the  two 
the  cells  of  which  are  thickened  and  iignilied  in  a  peculiar  way  (as  for  instance  in 
most  thickish  rhizomes,  in  the  hollow  scape  of  -Allium,  &c.). 

In  consequence  of  their  not  being  parallel,  and  of  their  scattered  distribution  in  the 
transverse  section  of  the  stem,  the  descending  bundles  of  Monocotyledons  have  not  the 
power  of  coalescing  into  a  closed  sheath  by  connecting  bands  of  cambium  (interfasci- 
cukr  cambium),  as  is  the  case  in  other  Phanerogams.     In  correlation  with  this  the  layer 


absent ;  the  fibro-vascclar  bundles 
to  grow  in  length,  the  whole  of  the 
permanent  tissue  (see  e.g.  Fig.  92, 
bsequent  increase  in  thickness;  each 
the  thickness  which  it  had  already 
But  in  Dmctena,  Atae,  and  Tucca,  a 
it  a  considerable  distance  from  the 
and  may  cause  a  considerable 
though  slow  increase  in  its  circumference.  But  this  subsequent  growth  in  thickness 
takes  place  in  a  way  quite  different  from  that  which  occurs  in  Gymnosperms  and  Dico- ■ 
tyledons ; — a  layer  of  the  fundamental  tissue  parallel  to  the  surface  of  the  stem  becomes 
transformed  into  meristem  which  continually  produces  new  closed  fibro-vascular  bundles, 
and  betweemthem  parenchymatous  fundamental  tissue  (Fig.  104).  A  more  or  less 
evidently  stratified  network  of  slender  anastomosing  bundles  is  thus  formed,  the  posi- 
.  tion  and  connection  of  which  is  easily  recognised  on  stems  which  have  been  exposed 
to  the  weather,  and    in  which  the  parenchyma  which   fills  up   the  interstices  has 


i  cambium  between  the  phloem  and  !tyl» 
are  closed.  When  a  portion  of  the  stem  c 
tissue  of  the  bundles  becomes  transformed 
p.  no) ;  and  there  is  in  consequence  usually 
portion  of  the  stem,  when  once  formed, 
attained  within  the  bud  near  the  apex  of  the  stem, 
renewed  increase  of  thickness  begins  afterwards 
apex  of  the  stem,  which  may  even  continue  for 


'  Von  Mohl.'Bau  des  Palmenstammes,  in  his  Vermischte  Schiiften,  p.  129.  — Nageli,  Beitrage 
lur  wissensch.  Bot.  Heft.  I. — Millardet,  Memoires  de  la  Soc.  Imp,  des  Sci.  Nat.  de  Cherbourg, 
vol,  XI,  1865  — [De  Baty,  Vergleichende  Anatomie  der  Vegelalionsorgane,  1S77.] 
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.  the  tharaeters  of  the  separate  families  of  Monocotyled       ,  b  t  1     t      tm    t 

of  the  class  of  Dicotyledons  would  have  far  exceeded  our  limits,  the  n 

the  families  must,  for  the  sake  of  uniformity,  suffice. 


SERIES   I.— Helobi^. 

Water-plants;  seed  with  httle  or  no  endosperm,  but  a  strongly  developed  hypo- 
cotyledonary  asis  to  the  embryo.  The  number  of  parts  of  the  flower  usually  varies 
from  the  ordinary  type  of  Monocotyledons. 

Order  1.  CBntroBpermw  (so  named  from  the  central  position  of  the  seed  in 
(i)  and  in  Naiai).     Flowers  imperfect,  very  simple,  usually  without  a  perianth ;  in 
(i)  consisting  of  two  stamens  and  a  unilocular  ovary  (containing  from  i  to  6  basilar  . 
ovules)  surrounded  by  a  sheath  (perianth  or  spathe) ;  ovary  in  (2)  unilocular,  usually 
one-seeded;  seed  with  but  little  end    p    m      Tl      Lemnaceai  consist  of  small 
branched  leafless  floating  vegetating  I:   d        g         ally  with  true  pendent  roots;  the 
NaiadeiE  are  slender  branched   Iong-1         d       b        g  d   plants;   this  family  is  not 
definable  systematically,  and  should   b      pi  t     p    nt     several.      (The  Lemnaeeic 
should  perhaps  be  united  to  the  Arod  e  ) 
Families;   i.  Lemnacese. 
2.  NaiadejE. 

'  [The  systematic  classification  adopted  in  this  book  is  not  one  which  the  reader  will  find 
followed  in  any  standard  English  work,  either  as  respects  Monocotyledons  or  Die  ityledona.  The 
work  now  generally  adopted  as  containing  the  most  satisfactory  system  of  distribution  of  the  ve^table 
kingdom  into  classes,  orders,  and  geneia,  is  Eenthamand  Hooker's  Genera  Plantarum  [London,  1861- 
'873),  which  is  however  at  present  only  completed  so  far  as  to  include  the  ^amopetalie  with 
inferior  ovary.  In  Dr.  Hooker's  edition  of  1*  Maout  and  Decaisne's  Traile  Geneiale  de  Botanique 
(London,  1873)  will  be  found  the  outlines  of  this  classification  completed  as  far  as  relates  to  the 
classes  and  orders.  De  Candolle's  Prodromus  Systematls  Naturalis  Vegetabilium  in  17  vols.  (Paris 
1818-18J3)  contains  a  description  of  every  known  species  of  Dicotyledons;  Walpers'  'Reperloiinm' 
and  'Annales'  serving  as  supplements  to  the  earlier  volumes,  which  are  far  less  complete  than  the 
later  ones.  For  an  admirable  epitome  and  illustrations  of  the  character  of  eSch  of  the  natural 
orders  see  also  Oliver,  lUostrations  of  the  Princijial  Natural  Orders  of  the  Vegetable  Kingdom ; 
London,  1874.] 
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Order  2.  Polycarpffl.  Flowers  pentacyclic  or  hexacyclic  {2,  j);  whorls  in  (i) 
dimerous  and  decussate,  with  four  monocarpellary  ovaries  placed  diagonally ;  in 
(2,  3)  trimerous,  or  with  a  larger  number  of  stamens  and  carpels  (see  p.  626) ;  the 
gynieceum  consists  of  three  or  more  monocMpellary  ovaries,  which  are  one-  or 
more-seeded ;  endosperm  absent.  Perennial  floating  water-  or  upright  bog-plants, 
with  large  lattice- veined  or  long  narrow  (2)  leaves. 
Families:  r.  Potamogetoneae. 

2.  Juncagineie. 

3.  Alismace^. 

Order  3.  HydTocliaride»,  Flowers  dicecious  or  polygamous,  with  trimerous 
whorls,  and  perianth  consisting  of  both  calys  and  corolla ;  male  flowers  of  from  one 
to  four  whorls  of  fertile  stamens  and  within  these  several  whorls  of  staminodes ; 
female  flowers  with  an  inferior  tripartite  or  six-chambered  (3)  many-seeded  ovary ; 
endosperm  absent.  Perennial  submerged  or  floating  water-plants  with  spiral  or 
verticillaEe  (r)  leaves. 

Family  r.  Hydrocharidese ;  with  the  subsections— 

1.  HydrilleEE. 

2.  Vallisneriex. 

3.  Stratiotex. 


SERIES  II.— MicRANTHj:. 

Land-  or  bog-plants;  the  individual  flowers  usually  very  small  and  inconspicuous, 
but  collected  in  large  numbers  in  the  inflorescence,  and  almost  always  referable  to  the 
dimerous  or  trimerous  pentacyclic  type. 

Order  4.  SpadiciAone.  Inflorescence  a  spadix  or  panicle  with  thick  branches 
(4),  generally  enveloped  in  a  large  sometimes  petaloid  (i)  spathe;  bracts  small  DC 
altogether  absent ;  periantB  never  petatoid,  usually  inconspicuous  or  altogether 
abortive  (1-3);  sexual  organs  generally  d  cl  n<:us  by  abortion  fru  t  alw  y  super  or 
and  often  vfery  large  {2,  4) ;  the  aeed  ostly  large  or  of  an  m  nense  size  and  w  th 
a  very  large  endosperm  ;  embryo  sn  all  stra  f,l  t  ilostly  large  strong  plants  w  th 
the  stem  strongly  developed  ch  efly  above  ground  and  a  great  nun  ber  t  large 
foliage-leaves;  in  {1,  3,  4)  thej  hi  e  1  1  roid  bra  ched  or  apparently  p  nate  r 
compound  lamina,  a  leaf-stalk  and  si  eath     n  {2)  they  are  sess  le      ery   long   a  d 

Families:   i.  AroidefE. 

2.  Pandanacese. 

3.  Cyelanthes. 

4.  Palm      ^ 

Order  5.    Oltunlflom.      Ifl  pit           pldijltpth; 

flowers  very  small  and  incon  p  Uy               Id            g  th    klj  pi      d  d  y 

hypsophyllary  leaves  (glumes       p  les)  (  }    p         th     bse  t             pi      d  by  h      - 

like  structures  or  scales;    f            p  mall               d  d   dry      d      d  h        t 

(a  caryopsis) ;  embryo  in  (ij  I     g       d  th               f  th          1    p    ra         (  )  by   ts 

side  and  very  small,  in  (3)     1       by  th  d       f  th         dp           b  t            d      biy 

developed  and  provided   with       sctil  Pits       thprs,         t        dg         d 

elongated  rhiiomes,  and  upr  ght  fl^l  e<i      t            th        {)       vs{)hld 

perhaps  rather  be  included  in  th    f      th  d 
Families;   i.  Typhacese. 

2.  Cyperaccic. 

J.  Graminea;, 


yGoogle 
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Order  6  EiiaiitiobIaat».  Flowers  in  crowded  (4)  cymose  inflorescences, 
inconspicuous  (i,  1),  or  conspicuous  (j,  4),  pentacyclic,  and  usually  trimeroiis  (in 
([,  3)  often  dimerous);  perianth- whorls  glumaceous  in  (i,  2),  developed  into  calfK 
and  corolla  in  fj,  4);  fruit  a  superior  bi-  or  trilocukr  capsule  with  loculicidal 
dehiscence;  ovule  orthotropons,  and  the  embryo  [SKaarri)  therefore  opposite  (t'mv- 
iio.)  the  base  ot  the  seed  (hilum).  Plants  with  grass-like  {1-3)  or  succulent  habit  (4). 
Families:  1.  RestlaceiE. 

2.  EriocauloneiE. 

;.  Xyridese. 

4.  Commelynaces. 


SERIES   III— COKOLLIFLOE^E. 
Both  the  perianth- whorls  conspicuous,  usually  large  and  petaloid  ;  the  two  staminal 
whorls  completely  developed  or  partially  wanting   by  abortion,  and  then  replaced  by 
staminodes;  one  carpellary  whorl;  the  five  whorls,  with  few  exceptions,  ti 


Order  7.  Llliiaorse.  Inflorescence  very  various,  racemose  or  cymose;  the 
large  flowers  sometimes  single.  Flowers  pentacyclic  and  trimerous,  except  a  few 
cases  where  they  are  dimerous,  tetramerous,  or  even  pentamerous;  in  (3)  the 
inner  staminal  whorl  is  wanting;  perianth-whorls  similar,  in  (i)  inconspicuous 
and  membranous,  but  usually  petaloid  (2,  ;,  5-8)  and  often  large  ;  sometimes  all 
the  six  leaves  are  coherent  into  a  tube  [6  and  elsewhere),  often  with  epipetalous 
and  episepalous  stamens;  ovary  superior  in  (i,  a),  inferior  in  the  other  families, 
usually  forming  a  trilocular  capsule  or  berrj- ;  embryo  surrounded  by  endospenn. 
Plants  of  very  various  habit;  with  strong  woody  stems  increasing  in  thickness  in 
^/oi',  Tucca,  and  Drneana  (2);  more  often  with  undergraund  rhizomes,  eorms,  or 
bulbs,  from  which  spring  leafy  annual  shoots;  leaves  mostly  long  and  narrow,  in  (4) 
with  a  broad  lamina  and  slender  stalk. 
Families:  r.  Juncacea:. 
z.  LiliaceiE. 

4.  Dloscorea:. 

5.  Taccace^. 

6.  Hawnodorace^. 

7.  Pontederiacese. 

Order  8.  Ananaaineie.  Flowers  consisting  of  the  typical  five  trimerous  whorls ; 
outer  perianth- whorl  developed  into  calyx,  Inner  one  into  corolla;  ovary  trilocular 
and  many-seeded,  superior  or  inferior ;  embryo  by  the  side  of  the  endosperm  ; 
leaves  long,  often  very  narrow. 

Family:   1.  Bromehacese. 

Order  9.  Soitaminera,  Floral  whorls  trimerous  and  zygomorphlc;  both 
perianth-« horK  or  only  the  inner  one  (3,  j)  petaloid;  of  the  sUmens  the  pos- 
terior one  of  the  inner  whorl  is  abortive  in  (i),  this  alone  being  fertile  in  (2,  j) 
(in  3  with  only  half  an  anther),  while  the  rest  are  changed  into  petaloid  staminodes 
(see  Figs.  428-430) ;  fruit  inferior,  trilocular,  a  berry  or  capsule ;  endosperm  usually 
absent,  but  replaced  by  a  copious  perisperm.  Usually  handsome,  often  very  large 
(i)  leafy  shrubby  plants  springing  from  a  persistent  rhizome,  with  large  leaves, 
generally  divided  into  a  broad  lamina,  leaf-stalk,  and  sheath. 
Families;  i,  Musacese. 

2.  ZingiberaceEe. 

3.  Cannace:e. 
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Order  10.  QynandrSB.  The  entire  flower  nygomorphic  in  origin  and  de- 
velopment; by  the  torsion  of  the  long  inferior  ovary  (i)  the  anterior  side  of  the 
mature  flower  usually  becomes  posterior;  both  of  the  trimerou?  perianth  whorls 
petaloid,  the   posterior   leaf  of  the   inner   on     (th     I  b  11  m)  g  11     p        d  d 

■with  a  spur;  of  the  six  typical  stamens  of  th     t        wh    1      nly  th        t 
are   eventually   developed,  and   in    (i)    (with   th  pt  f  C}p  ped       )     h 

anterior  one  of  the  outer  whorl    is   alone   fert  1         d  h      I    g  h  rs     1      t 

anterior  ones  of  the  inner  whorl  forming  sm  II    t  m      des    b  t        Cjp  p  d  t 

is  these  latter  that  are  fertile,  the  anterior  on  1  th  t  h  1  f  m  ng  1  g 
staminode ;  in  (2)  the  same  occurs,  or  the  three  anterior  ones  are  fertile ;  filaments 
of  the  fertile  and  sterile  stamens  coherent  with  the  three  styles  into  a  gynostemiuni ; 
pollen  in  single  grains,  tetrads,  masses,  or  polhnia ;  ovary  inferior  and  unilocular 
with  parietal  placentation  (i)  or  trilocular  with  axile  placentation  (2);  ovules 
anatropous;  seeds  very  numerous,  very  small,  without  endosperm,  and  with  the 
embryo  undifferentiated.  Small  herbs  or  larger  shrubby  plants ;  the  tropical 
Orchidese  often  epiphytal  and  furnished  with  peculiar  aerial  roots;  our  native 
species  perennial  with  underground  rhizomes  or  tubers ;  some  Orchidea:  are 
saprophytes  destitute  of  chlorophyll,  and  a  few  have  even  no  roots  (Epipogium, 
CoralloThaa). 

Families;   i.  Orehidese. 

2,  Apostasiacese. 
.  The  Burmamiiaeees  with  cymose  inflorescence,  three  or  six  fertile  epipetalous 
stamens,  free  tripartite  style,  and  uni-  or  tri-loci:lar  inferior  ovary,  are  allied  to  the 
Gynandrse  by  their  small  seeds  without  endosperm  and  their  undifferentiated 
embryo ;  and  in  this  order,  which  consists  for  the  most  part  of  small  plants,  there 
are  some  saprophytes  destitute  of  chlorophyll.   ■ 
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The  ripp  St'd  of  Dicotyledons  contains  either  a  large  endosperm  and  a  small 
embryo  (as  in  Euphorbiacese,  Coffea,  Myristica,  Umbellifene,  AmpeJideES,  Polygon- 
aceK,  CsesilpmeEe  &c);  or  the  embryo  is  comparatively  large,  and  the  endosperm 
occupies  but  a  small  space  {e.g.  Plumbagineffi,  Labiatfe,  Asclepiadete,  &c.) ;  or, 
thirdly,  the  eodo'pemi  is  entirely  wanting,  and  the  embryo  fills  up  the  whole  of  the 
space  enclosed  by  the  testa,  and  thus,  when  ripe,  often  attains  a  very  considerable 
size  (e.g.  Msculiis,  Juglans,  Cwcurhila,  Tropaoium,  CupuKferfe,  LeguminosEe,  &c.); 
though  in  small  seeds  it  still  remains  of  moderate  dimensions  (as  in  CruciferEe,  Com- 
positfe,  RosiflorK,  &c,).  The  absence  of  endosperm  generally  results  from  its 
absorption  by  the  rapid  growth  of  the  embryo  before  the  ripening  of  the  seed; 
only  in  a  very  few  cases  is  it  rudimentary  from  the  first  {Tropaolum,  Trapa).  In 
most  of  the  NymphreaceEe  and  in  the  Piperacese  the  embryo  and  the  endosperm 
which  surrounds  it  both  remain  small,  the  rest  of  the  space  within  the  testa  being 
occupied  by  peri  sperm. 
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The  Embryo  generally  attains  but  very  small  dimensions  in  the  small-seeded 
parasites  and  saprophytes  destitute  of  chlorophyll,  and  remains  without  differentiation 
until  the  time  of  ripening  of  the  seed ;  in  Monotropa  it  never  consists  of  more  than 
two  cells,  and  even  in  Pyrola  secunda,  which  possesses  chlorophyU,  only  of  from  eight 
to  sixteen  (Hofmeister).  The  ripe  seeds  of  Orobanche,  Balanophora,  RafflesiaceEe, 
&c.  contain  a  very  small  undilferentiated  embryo  in  the  fonn  of  a  roundish  mass  of 
tissue;  the  embryo  of  Cuscu/a  is  of  moderate  size  and  length,  but  the  formation  of 
leaves  and  roots  on  the  filiform  stem '  is  suppressed.  The  Mistletoe  (Loranthaceie), 
on  the  other  hand,  parasitic  but  containing  chlorophyll,  produces  aa  embryo  which 
is  not  only  large  but  well-developed. 

If  the  embryo  of  the  ripe  seed  is  ditferentiated,  as  is  generally  the  case,  it 
consists  of  an  axis  and  two  opposite  primary  leaves  (cotyledons)  between  which  the 
axis  terminates  as  a  naked  vegetative  cone  {Cucttrbitd),  or  bears  a  bud  which  some- 
times consists  of  several  leaves  {Vida  Faba,  Fig.  436,  Pkaseolus,  Quercus,  Sic). 
Instead  of  the  two  opposite  cotyledons,  a  whorl  of  three  is  not  unfrequently  formed 
in  those  plants  which  normally  possess  only  two^  (Phastolus,  Amygdalus,  Quercus, 
&c.).  The  opposite  cotyledons  are  usually  ahl^e  in  form  and  vigour;  in  Trapa 
however  one  remains  much  smaller  than  ihe  other;  and  cases  even  occur  in  which 


O-  t^—CfiiHr-nnintkus /ratrttt 


only  one  has  been  formed,  as  in  Ranumulus  Ftcana^,  where  it  remains  below  in 
the  form  of  a  sheath,  and  m  Bulboiapnos,  a  section  of  Corjdahs*  The  two  coty- 
ledons generallj  form  by  far  the  larger  part  of  the  ripe  embryo,  so  that  the  axis 
has  the  appearance  only  of  a  small  fusiform  appendage  between  them;  and  this 
structure  is  especially  striking  when  the  embryo  attams  a  verj  considerable  absolute 
size  in  those  seeds  i\hich  possess  no  endosperm,  and  the  cotviedons  swell  up  into 
two  thick  fleshy  bodies  (as  in  ^sculus,  Casianea,  Quercus,  Fig  438,  Amygdalus, 
Vtiia  Faba,  Phaseolus  the  Brazil-nut,  &i  ) ,  but  more  often  the  cotyledons  remain 
thin  like  shortly  stalked  foliage  leaves  of  simple  form  {as  in  Cruciferse,  Euphor- 
bucese,  and  Tiha,  the  last  with  a  three-  to  fi\e-lobed  lamina)      Most  often  they 


'  According  to  Uloth  (Flora  i860,  p  365  the  rant  cip  13  alio  absert  On  parasites  see 
e  p  Uj  b  Im  Laubach  in  Jahib.  fur  wissensch.  Bot.  vol.  VI.  pp,  599  et  seq.  [Ulolh's  stateniejit  is 
CO  li  m  d  by  K    h  (Ueb.  die  Entwick.  der  Cuscuteen,  Hanstein's  Bot.  AbhdI.  II.  1874).] 

N  m  dditional  insianees  are  given  in  tte  Bot.  Zeitg.  1869,  p.  875.     [Masters,  V^etable 

T      t  i  gy  R  ySoc.  1869,  p.  370O 

I  m      h    Be  t  age  lur  vergleichenden  Moiphologie  der  PAaazen,  Halle  1854,  p.  12. 

[T  these  lances  of  what  is  termed  a  '  pseudo-monocotyledonous'  development  may  be 
add  d  Cir       B  Ibocaslanum  (see  Ilegelmaiei,  Kntivick.  dicol.  Keime,  1878).] 
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lie  with  their  inner  faces  flat  against  one  another  (Figs.  435.  43^);    "JUt  are  not  - 
unfrequently  folded  or  wrinkled  and  curved  backwards  and  forwards  {as  in  Theobroma 
with  thick,  Acer  and  Convolvulaceffi,  &c.  with  thin  cotyledons) ;   less  often  they  are 
rolled  spirally  round  one  another  (Fig.  434)- 

The  axis  of  the  embryo  beneath  the  cotyledons  is  generally  elongated  and 
fusiform,  and  when  of  this  shape  is  described  in  works  on  descriptive  botany  as  the 
Radicle.  This  fusiform  body  consists  however  in  its  upper  and  usually  larger  part  of 
the  hypocotyledonary  portion  of  the  stem,  and  only  the  lower  posterior  terminal 
piece,  which  is  often  very  short,  is  the  rudiment  of  the  primary  root  (Fig.  437)-  The 
rudiments  of  the  secondary  roots  can  sometimes  be  distinguished  in  the  tissue  of  the 
primary  root  (in  Cucurhila,  and  according  to  Reinke  in  Impaliens). 


(F  4  5  36  37)  Th  k  fl  hy  yl  d 
germination,  finally  perishing  after  their  food-material  has  been  consumed  (as  in 
Phaseolus  mulliflorus,  Vtcta  Faba,  Fig.  436,  Quercus,  Fig.  438)-  !»  this  case  the 
petioles  of  the  cotyledons  lengthen  so  much  that  the  plumule  which  is  concealed 
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between  them  is  pushed  out  (Fig.  438),  and  now  grows  upright  so  that  the  seed 
and  cotyledons  together  have  the  appearance  of  being  a  lateral  appendage  of  the 
axis  of  the  embryo.  But  usually  the  cotyledons  are  destined  for  further  develop- 
ment, especially  when  they  are  thin,  and  form  the  first  foliage-leaves  of  the  plant. 
In  order  to  liberate  them  and  the  plumule  which  lies  between  thetn  from  the  seed, 
the  hypocotj'ledonary  portion  of  the  axis  increases  considerably  in  length,  making 


first  of  all  a  curve  which  is  convex  on  the  upper  side  (Fig.  435),  because  the  coty- 
ledons still  remain  in  the  seed  while  the  lower  end  of  the  stem  is  attached  by  the 
root  to  the  ground.  Ultimately,  by  a  final  lengthening  of  the  hypocotyledonary 
portion,  the  upper  part  of  the  axis  together  with  the  cotyledons  is  drawn  out  of 
the  seed  in  a  pendent  position.  The  axis  now  straightens  as  it  continues  to  grow, 
and  the  cotyledons  expand  in  the  air,  the  plumule  developing  more  completely  and 
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pushing  up  between  them.     The  cotyledons  which  thus  become  exposed  to  the 
light  usually,  increase  rapidly  in  size,  and  constitute  the  first  green  leaves  of  the 
plant,  which  are  of  simple  form  {e.g.  Cruciferae, 
Euphorbiacete,  &c,).     If  the  seed  contains  an  em 
emerge  till  after  it  has  been  absorbed  (Fig.  43-)). 
Many  transitional  forms  occur  between  tlie  dif- 
ferent modes   of   germination    now   described; 
peculiar  phenomena  sometimes  appearing  which 
are  caused  by  special  vital  conditions.    In  Trapa, 
for  example,  the  primary  root  is  from  the  first 
rudimentary,    and   remains    altogether    undeve- 
loped ;    the    hypocotyledonary    portion    of    the 
stem   lengthens    considerably,    curves    upwards, 
and  protrudes  a  great  number  of  lateral  roots 
in  rows  which  fix  the  plant  into  the  ground '. 

The  further  development  of  the"  young 
plant  may  take  place  by  the  rapid  enlargement 
of  the  primary  axis  of  the  embryo.  While  the 
axis  is  growing,  generally  in  an  upright  direction, 
the  shoot  which  developes  from  the  plumule 
becomes  the  primary  stem  of  the  plant,  length- 
ening at  the  summit,  and  usually  producing 
weaker  lateral  shoots  {e.g.  Belianlhus,  VUia, 
Populus,  Impaiiem,  Ac).  When  the  main  stem 
is  perennial,  it  sooner  or  later  ceases  to  develope 
further  at  the  apex,  or  the  lateral  shoots  nearest 
to  the  apev  become  equally  strong  An  arbor- 
escent head  IS  thus  formed,  the  main  stem  or 
trunk  betommg  denuded  by  the  dymg  off  of 
the  lower  branches,  or  the  main  stem  continues 
to  grow  erect  as  a  simpodium  (as  in  Rtanus. 
the  Lime,  &c.);  or  lateral  shoots  are  formed 
at  an  early  period  at  the  base  of  the  primary 
stem  which  grow  as  strongly,  and  thus  give  rise 
to  a  shrubby  plant.  When  the  axis  of  the  em- 
bryo grows  vigorously,  the  primary  root  generally 

also  grows  vigorously  in  a  downward  direction";      jo^J'^f   V  ^  p  ■'^^"'    ^f;™^^^^^' 
and  a  Tij/i-z-iw/ is  thus  formed,  from  which,  as  long     "nefi-ataMre-dssicanKUdcveiopsci. 
as  it  increases  in  length,  the  lateral  roots  spring 
in  great  numbers  in  acropetal  succession.     When  the  growth  in  length  of  the  tap- 


'  [See  De  Candolle,  Organographie  V^getale,  PI.  55.] 

"  One  of  the  most  remarkable  exceptions  is   afforded  by  tbe  genus 


dying  off  when  the  upper  filiform  porlioi 
parasitie,  and  has  fixed  itself  on  to  it  1 
and  braoches. 


0  the  ground  on  germination,  but  soon 
n  has  embraced  the  plant  on  which  it  becomes 
suckers;  the  plant  afterwards  grows  vigorously 
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root  ceases,  adventitious  roots  become  intercalated  among  the  lateral  roots  already 
formed,  and  like  them,  grow  vigorously,  and  may  themselves  produce  lateral  roots 
of  higher  orders.  A  strong  root-system  is  thus  produced  with  the  primary  root  of 
the  embryo  for  its  centre,  which  endures  as  long  as  the  stem  itself  By  the  subse- 
quent increase  in  thickness  the  primary  stem  (as  well  as  its  branches)  assumes  the 
form  of  a  slender  upright  cone,  the  base  of  which  rests  on  the  base  of  the  inverted 
cone  formed  by  the  primary  root  which  has  also  increased  in  thickness.  While 
these  processes,  which  are  here  described  in  their  main  outlines,  take  place  almost 
invariably  among  Conifers,  a  number  of  deviations  occur,  on  the  other  hand, 
among  Dicotyledons  similar  to  those  which  have  been  spoken  of  under  the  head 
of  Monocotyledons.  The  primary  axis  may  die  soon  after  germination  or  at  the 
end  of  the  first  period  of  vegetation,  die  primary  root  often  perishing  as  well,  while 
the  axillary  shoots  of  the  cotyledons  or  of  subsequent  leaves  continue  the  life  of  the 
individual.  Thus,  for  example,  in  the  Dahlia,  a  strong  adventitious  root  is  given  out 
lateralh  from  the  hj  pocot}  ledonar)  portion  of  the  ixis  at  the  close  of  the  first  period 
of  vegetation  of  the  young  plant  and  swells  mto  a  tuber  the  primary  root-system 
and  the  portion  of  the  axis  above  the  cot)  ledons  disappear  and  there  remain  only 
for  the  continuance  of  the  life  of  the  fhnt  the  new  tuberoui  root,  the  hypoeotj'- 
ledonary  portion  of  the  a\is  and  the  axillarj  buds  of  the  cot\  ledons.  The  process 
IS  still  more  striking  in  Emuncului  Ftcani  where  after  the  development  of  the 
primary  root  a  tubwous  hteral  root  is  produced  below  the  primary  axis  of  the 
embrjo  sheithed  b}  a  coleorhiza  and  maintains  its  existence  together  with  the 
■ixis  while  the  prmirv  root  and  the  first  leaves  perish  Among  the  numerous 
cases  belonging  to  this  category  may  be  mentioned  also  Pk\sahs  Alkekmgi,  Mentha 
arvensts  Srjtma  alba  Polygonum  amphibium,  and  L}smaihia  ^u/garis'.  The  pro- 
duction of  bulb*;  also  cccurs  among  Dicotyledons  (as  in  speaes  of  Oxalis)  though 
not  so  common!)  a';  among  Monocotyledons  of  more  common  occurrence  are 
tubers  or  s\vellin},s  of  underground  branches,  stolons  or  rhizomes  of  greiter  or  less 
thickness  J  he  greiter  number  of  Dicotyledons  have  perennial  underground  roots 
or  stems  which  -icnd  up  penodicallj  leafi  and  flowering  shoots  that  die  at  the  end 
of  each  period  of  vcgetatiLU  In  all  such  cases  where  the  primary  root  system 
of  the  seedling  perishes  new  roots  are  repeatedl}  developed  from  the  stem;  and 
the  power  possessed  by  most  Dicjtjledons  of  producing  idventitious  roots  from  the 
stem  especially  when  kept  moist  and  dark  enables  them  to  le  reproduced  to  almost 
Am  extent  from  branches  and  portions  of  branches  Some  species  climb,  like  the 
Ivy,  bj  roots  put  out  regular!)  from  the  weak  stem  which  requires  a  support;  others 
send  out  runners  to  a  distince  on  which  the  bud  forms  a  new  plant  as  in  the  Straw- 
berry the  'item  whch  is  thus  foimed  putting  out  roots  The  order  of  succession  of 
new  roots  from  the  stem  is  in  general  acropetal  but  they  do  not  usually  make 
their  appeirance  except  at  a  considerable  disUnce  behind  the  growing  bud;  many 
Cactacese  however  not  unfrequently  produce  them  close  below  it 

1\\fi  Mode  of  Brancktng      The  normal  raonopodial  branch  ng  is  axillary;    the 
lateral  shoots  are  produced  in  the  angle  which  the  median  1  ne  of  ihe  leaf  forms 

'  The  aloie    s  taken  from  Irmisch  s  detailed  descriptions  in  hi,  Beitrage  zur  vergleichenden 
M  rph  k^ie  ler  Pflanztn    Halle    i8i;4    i8.,fi     Hot   Ze  tg   iSfi      andjiwwiiere 
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with  the  intemode.  On  a  vegetative  shoot  at  least  one  lateral  shoot  is  produced 
in  the  axil  of  each  leaf,  although  only  a  few  of  the  axillary  buds  unfold.  Sometimes 
other  axillary  buds  are  produced  in  rows  above  the  original  one  ;  as,  for  instance, 
above  the  axils  of  the  foliage -leaves  in  Aristolochia  Sipho,  Gkdtlschia,  Lonicera,  &c.', 
above  the  axils  of  the  cotyledons  m/uglans  regia,  and  that  of  the  larger  cotyledon 
in  TVapa.  In  woody  plants  the  axillary  buds  destined  to  live  through  the  winter 
are  not  unfrequentty  so  completely  surrounded  by  the  base  of  the  leaf-stalk  that 
they  are  not  visible  until  the  leaf  has  fallen  off,  as  in  Rhus  lyphinum,  Virgilia  luka, 
Piatanus,  &c.,  and  are  then  called  Inlrapeiiolar  Buds.  Besides  the  ordinary  axillary 
branching,  some  cases  are  known  among  Dicotyledons  of  lateral  and  monopodial 
but  exlra-axillary  branching.  To  this  description  belong  the  tendrils  of  Viiis  and 
Ampelopsis  which  are  produced  (according  to  Niigeli  and  Schwendener)  beneath  the 
pundum  vegetationis  of  the  mother- shoot,  opposite  to  the  youngest  leaf  and  somewhat 
later  than  it.  In  Asckpias  lyriaca  and  some  other  plants  a  lateral  vegetative  branch 
stands  beneath  the  terminal  inflorescence  between  the  insertions  of  the  foliage- leaves, 
which  themselves  also  produce  shoots  in  their  axils.  According  to  Pringsheim^ 
lateral  shoots  arise  on  the  concave  side  of  the  long  spirally-curved  vegetative  cone 
of  Vtricularia  vulgaris  which  he  considers  to  be  extra-axillary  branches,  while 
normal  shoots  are  formed  in  the  axils  of  the  leaves  which  stand  in  two  rows  on 
Ihe  convex  side  of  the  shoot  or  by  iheir  side.  It  appears  to  me  however  certain 
that  these  extra-axillary  structures  on  the  concave  side  of  the  mother-shoot  are  leaves 
of  peculiar  form  ^,  since  inflorescences  are  produced  in  their  axils. 

The  suppression  of  the  bracts  of  the  inflorescence,  which  is  not  uncommon, 
cannot  be  placed  in  the  same  category  as  the  cases  just  mentioned  of  extra -axillary 
branching,  where  large  leaves  in  the  axils  of  which  buds  are  also  formed  exist 
near  the  extra-axillary  lateral  branches.  Here,  on  the  contrary,  as  for  instance  in 
Cruciferre  and  the  capitulum  of  many  Compositte,  the  formation  of  leaves  on  the 
branching  axis  of  the  inflorescence*  is  itself  entirely  suppressed ;  there  are  no  leaves 
in  the  axils  of  which  the  branches  cOuld  stand.  The  branches  are  however  produced 
as  if  the  leaves  were  actually  there.  With  reference  to  the  changes  in  the  mode  of 
branching  met  with  in  passing  from  the  vegetative  to  the  floral  region  and  to  the 
frequent  transference  of  the  bract  on  to  the  branch  axillary  to  it,  the  remarks  on 
p.  598  may  be  consulted. 

Adventitious  buds  are  rare  in  Dicotyledons,  as  they  are  in  Phanerogams 
generally.  Those  which  are  commonly  formed  with  an  exogenous  origin  in  the 
indentations  of  the  margins  of  the  leaves  of  Bryophyllum  calycinum  are  well  known, 
and  serve  to  propagate  the  plant.  They  sometimes  occur  (according  to  Peter- 
hausen*)  in  Begonia  coriacea  in  the  fonn  of  small  bulbs  on  the  peltate  surface  of 


:,  vol.  IV.  I 


■  ^39  Ciy'*^  liy  Duchartre,  Elemi 


'  See  Gujllard,  Bull.  Soc.  Bot.de  Frai 
de  Botanique,  p.  408). 

°  Zur  Morphologic  der  Utriculatlen,  Monatsber.  der  kijnigl.  Akab.  der  Wissench.  Feb.  i86g. 

'  This  of  course  depends  on  what  is  considered  leaf  and  what  shoot;  this  is  not  however  a 
matter  of  simple  observation,  but  rather  of  conventional  conceptions  convenient  for  a  special 
purpose. 

'  Beitrage  znr  Entwicfcelung  der  Brotknospen  (Hameln  1869),  where  various  examples  are  also 
given  qf  axillary  buds  of  Dicotyledons  which  form  deciduous  gemma; ;  as  in  Polygonum  viviparum, 
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the  leaf  where  tfieppl  d  Ohd  bi  hi 

o^  Utricularia,Yn  ghm  I1q        dmb  uldAd 

buds  more  often     p     g  f    m  g         Am.  j  p  L  Ig 

Cirsium  arvmse,       \  P  p  I  d  IhThh  hh 

spring  from  the  b    k    f  h       Id  m      f  m        n  be         d  wn 

the  deveSopment  ofd  bd  h  usdrmn    bud    of  woody 

plants  may  Jong  r  m       b       d       1  h  1  y 

Ths  Leaves  oi  Ji       jld  h  gr  bhh|  nd 

their  form  than    h  f    1!      h        1  f  pi  p  h         Th        d       y 

ph)llotiMS    of  se  dl  b  w  h  1     1     f    w  yl  d  \ 

either  m  decussa      pi^p  dh  mn  hi 

consisting  of  larg  b  pi  h    h 

of  divergence      M  mp  p       llj     h        f  d  p 

generallj  Lonstan  hlfml         hm  \\        d  m  11    1 

constant     Axilla  y  !  lib  hpfl  hh  h 

opposite  or  altern  d         dh        llffh  i       \         fh  hlf 

It  is  quite  imp         1  g  ^         P  g  '  h 

forms  of    leaves,  p        f    m  phyll    y   1  (1  d    gr       d 

stems  and  those     hhnl         p  bd^hp    phyll    j   1  b       s, 

and  floral  leaves  lyf         fh        frmfflgl  anb  d 

here  which  are  p      1  h  f  D       )1  d  Th     f  1    g     1 

are  usually  divided  !     d      I    f      Ik  {^        )       d      fl      bl  d     (/       w)       h 

lamina  is  very  comljbhd  Ibdp  mjd  d         d 

even  where  it  form  gl     pi       (  mpl    1    f)  h  d      y       b        h    g 

rally  indicated  b}d  hmgnThbh 

of  the  lamina  ha  1!)       d  1  p  d    1  d      1  pm        m  y 

continue  in  a  cym        m  lldu  fl        llbeb         f        d 

on  each  side  rigl  dlffh  fTilf(  R  b       HI  b 

&c.,  see  Fig.  141)      Th     h  mpl  lb  mm  D         Id 

(but  occurs  inLbUfEc}  dh  i  S  p  !      n         pi  m 

common.     The  ch  ftp  1  Iplpdbyhm 

is  not  uncommon  {'perfoliate  leaves,  as  vn  Lamiumampkxtcauk,Dipsacus  FuUonum, 
Lcnicera  CaprifoUum,  species  of  Silphium,  Eucalyptus,  &c,);  as  well  as  the  downward 
prolongation  of  tlie  lamina  of  the  leaves  ('  decurrent  leaves '),  which  distinguishes  the 
'  winged '  stem  of  Verbascum,  Onopordon,  &c.  The  not  uncommon  '  peltate '  leaf  also 
scarcely  occurs  in  so  marked  a  manner  in  any  other  class  {Tropaotum,  Victoria  regia, 
&c.).  The  power  of  Dicotyledons  to  develope  from  their  foliage-leaves  organs  of 
the  most  diverse  functions  adapted  to  the  most  various  conditions  of  life  is  seen  in 
a  very  striking  manner  in  the  common  occurrence  of  leaf-tendrils  and  leaf-spines, 
and  still  more  in  the  formation  of  the  ascidia  or  '  pitchers '  of  Nepenthes,  Cephalotus, 
Sarracenia,  &c. 

Saxifraga  granulara,  Denlarla  bulbifera,  Rammculus  Fkaria.  Sec,  [Berge,  Ueb.  Bryofhyllum  calycinum, 
Zurich  1877.] 

'  The  common  method  of  propagating  Begonias  is  by  culling  or  tearing  the  Itaf,  which,  if  then 
placed  on  moist  soil,  produces  buds  on  the  edges.] 

=  [Irmisch,  Bot,  Gaz.  III.  pp.  146  and  160.] 
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Tiie  [  nal  on  of  the  foliage  lea\es  (with  the  exception  of  the  thiLk  leive<i  of 
BULCulent  plants)  is  distinguished  bj  the  numeroub  veins  which  project  on  the 
under  side  and  bj  the  r  cumimeir  anaslomoses  by  meins  of  fibro  vascukr 
bundles  running  through  the  mesophjil  ittejf  The  rend  rib  which  usuall)  divide<i 
tht  leaf  into  two  symmetrical  but  sometimes  u  to  verj  unsymmetrcal  halves  g  ves 
off  lateral  veins  right  and  left  one  tvio  or  three  stiong  ner\es  similar  to  the 
midrb  often  springing  in  additicn  frcm  the  bise  of  the  lamina  right  and  left 
of  the  median  line  The  whole  system  of  the  projecting  veins  of  \  foliage  leaf 
behaves  like  a  monopodial  branch  s)  stem  developed  in  one  plane  the  inlerstice^ 
being  filled  up  b>  the  green  mesophvll  m  -which  lie  the  anistomoses  combined 
into  a  small-meshed  network  Within  the  meshes  still  finer  bundles  are  usu^Uj 
formed  which  end  blindly  in  the  mesoph\ll  In  membrinoua  citaph>llarj  and 
h\psophjllary  leaves  and  the  penanth  leaves  of  the  flowers  the  projecting  veins 
do  not  usuallj  occur  the  venation  is  more  simple  and  more  like  that  of  Mono 
cotjledons^ 

The  Floner^  In  the  great  majority  of  Dicotyledons  the  parts  of  the  flower  are 
arranged  in  whorls  or  the  Bowers  are  cxdic  only  in  a  comparatively  small  number 
of  families  (Ranunculacete,  MagnoliaccEe,  Calycanthacese,  Nymphjeacea;,  and  Nelum- 
biacete)  are  all  or  some  of  them  arranged  spir^ly  (acyclic  or  kemtcyclic^). 

In  Cyclic  Flowers  the  whorls  are  usually  pentamerous,  less  often  letraraerous, 
both  numbers  occurring  in  nearly-related  plants.  Dimerous  or  irimerotis  or  combi- 
nations of  dimerous  and  telramerous  whorls  are  much  less  coraaion  than  penta- 
merous, and  are  usually  characteristic  of  smaller  groups  in  the  natural  system. 

When  the  floral  whorls  are  tetramerous  or  pentamerous,  they  are  generally  four 
in  number,  and  are  developed  as  Calyx,  Corolla,  Androecium  and  Gynteceum.  In 
dimerous  or  trimerous  flowers  the  number  of  the  whorls  is  much  more  variable,  and 
then  it  is  not  uncommon  for  each  series  of  organs  to  be  made  up  of  two  or  three 
whorls ;  while  in  the  previous  case  the  multiplication  of  the  whorls  is  almost  entirely 
confined  to  the  andr(scium. 

The  corolla  is  frequently  absent,  and  the  flowers  are  then  said  to  be  apelalous. 
When  the  calyx  and  corolla  are  both  present  the  number  of  their  parts  {sepals  and 
petals)  is  almost  always  the  same  {Papaver  is  an  exception);  but  this  is  not  the  case 
with  the  number  of  the  whorls.  In  CruciferEe,  for  example,  the  calyx  consists  of  twq 
decussate  whorls  of  two  sepals  each,  the  corolla  of  one  whorl  of  four  petals.  When 
the  perianth  and  andrcecium  are  both  present  {whether  the  former  consist  of  calyx 
only  or  of  both  calyx  and  corolla),  the  number  of  their  parts  is  usually  the  same,  that 
is,  the  flower  is  isostemonoiis,  but  the  stamens  are  often  more,  rarely  fewer  in  number 
than  the  parts  of  the  perianth,  and  the  flower  is  then  anisostemonous.     When  the 


'  [The  structure  of  the  leaf  compared  with  that  of  the  stem  has  been  worked  out  by  Casimir  De 
Candolle,  Archives  des  Sciences,  1868;  ihe  'Student'  for  the  same  year  contains  an  abridged 
translation  of  his  paper.] 

'  The  floral  diagrams  given  here  are  drawn  partly  from  my  own  investigations,  but  chiefly  from 
the  researches  of  Payer  into  the  history  of  development,  assisted  by  DiJU's  Flora  of  Baden.  The 
figures  placed  beneath  the  diagrams  are  Intended  to  indicate  the  number  and  cohesion  of  the  carpels 
as  well  as  the  placentation  in  those  plants  the  diagram  of  which  is  otherwise  the  same.  [See  also 
Eichler,  Bliithendiagramme ;  Gray,  Structural  Botany.] 

"  Compare  pp,  600  and  608. 
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flower  is  tetramerous  or  pentamerous  the  number  of  carpels  is  usually  less  ;  when  the 
flower  is  dimerous  or  trimerous,  or  when  the  parts  are  arranged  spirallj',  the  number 
of  carpels  is  not  tin  frequently  larger. 

It  wil!  be  seen  from  this  brief  outline  that  the  relations  of  number  and  position 
in  the  pans  of  the  flowers  of  Dicotyledons  are  very  various,  and  cannot  be  referred, 
as  is  the  case  with  Monocotyledons  with  but  few  exceptions,  to  a  single  type.  Even 
the  establishment  of  different  types  for  the  larger  groups  is  attended  with  great 
uncertainty,  since  the  knowledge  of  development  necessary  in  order  to  refer  par- 
ticular forms  of  flowers  to  general  formulse  is  often  wanting.  The  too  universal 
application  of  the  spiral  theory  of  phyllotaxis  in  the  case  of  cyclic  flowers  has 
often  increased  the  difiicult)',  and  has  even  occasioned  doubts  which  would  not 
have  arisen  without  the  theory. 

For  the  great  majority  of  Dicotyledons  the  floral  formula  may  be  given 
'^»^fl-S'''„(+„+.,.)  C„,_„),  This  formula  holds  good  for  most  pentamerous  flowers 
and  for  those  which  are  truly  tetramerous  (or  octamerous  as  Michauxid) ;  so  that  n 
is  in  these  cases  5  or  4  (or  8  as  the  case  may  be).  In  the  andicecium  an  indefinite 
number  of  (alternating)  whorls  ■S'/„(+„^    ,  must  be  assumed  in  order  to  include 


the  large  number  of  flowers  in.  which  the  androscium  consists  of  more  than  one 
whorl  (as  e.g.  Fig.  451).  The  mode  of  expressing  the  gynteceum  C„(_„)  is  intended 
to  show  that  very  commonly  the  number  of  carpels  is  fewer  than  5  or  4  (or  8  as  the 
case  may  be) ;  m  may  be  of  any  value  from  o  to  n.  In  the  majority  of  gamopetalous 
orders  and  elsewhere  there  are  very  commonly  only  two  carpels  ;  and  in  this  case 
they  stand  in  a  median  line  posterior  and  anterior ;  but  oi>  the  hypothesis  that  the 
typical  gynseceum  consists  of  live  aUernating  carpels  and  has  been  reduced  to  two  by 
abortion,  one  must  stand  in  the  median  position  in  front,  the  other  obliquely  behind. 
A  similar  difliculty  is  also  presented  when  the  gynseceum  consists  of  three  or  of 
only  one  carpel.  It  would  carry  us  too  far  to  detail  the  reasons  which  nevertheless 
determine  me  to  retain  the  formula  above  given  for  the  gyn»ceum  of  flowers  of  this 
description ;  it  need  only  be  mentioned  that  species  or  genera  with  the  typical  five 
carpels  occur  in  the  most  diverse  families  and  orders  where  a  smaller  number  is  the 
normal  one. 

The  diagrams  Figs.  440-450  represent  a  selection  of  cases  which  can  be 
reduced  (if  no  further  reference  is  made  to  the  consideration  mentioned  above)  to 
the  general  formula  which  here  assumes  the  simpler  expression  S,  P^  St^  C'„(_™). 
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A  compa  o  h  ne  ly  all  ed  fo  ms  lea  e  1  le  oon  fo  loubt  that  ihe  acant 
spaces  d  a  ed  b  do  s  ntle  heeoue  who  I&  co  respond  lo  abo  tve  n  en  bers 
in  the  sense  al  ead)  f  equen  1  nd  cated  e  en  1  en  the  ab  ence  of  these  n  embers 
is  so  comple  e    hat    he  ea  I  es    s  ages  of   le  elopn  en    of  the  flo   e    g    e  no    ndi- 


cation  of  them.  The  same  is  the  case  also  when  the  number  of  carpels  is  less  than 
the  typical  one.  Other  cases  however  occur,  as  in  the  case  of  Jiim  (Fig.  452), 
where  certain  members,  in  this  case  two  out  of  the  three  carpels,  disappear  in  the 
course  of  development.     Crosophora  tindoria  {Fig.  453)  is  especially  instructive  in 
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regard  h      da  o    h  p     h  g  i     h     flowers  becoming  diclinous  from 

the  stam  n     n    1  e  f  male  flo  d       oj  ng  as  sterile  staminodes,  which  may  be 

conside    d  a     he  fi  p    o-Aa  ds  abo      n  while  in  the  male  flowers  the  three 

carpels  a        pi       lb         n  a  y  fe    1       am  n    (Payer). 


Reference  was  made 
interposition  of  a  whorl  ( 
staminal  whorl;  and  it  wa: 


in  the  Introduction  to  Angiosperms  (pp.  6oi,  6io)  to  the 
f  stamens  between  the  members  of  a  previously  formed 
mentioned  that  the  interposed  whorl  has  sometimes  not 


the  full  number  of  members.  These  phenomena  occur  in  various  large  groups  of 
Dicotyledons'.  In  Fig.  454  the  five  stamens  of  the  decandrous  flower  of  the  group 
of  Bicornes  which  are  interposed  as  a  whorl  of  full  number  within  the  firsi  whorl 


are  indicated  by  the  lighter  colour.  The  same  is  the  case  with  the  larger  number  of 
Gruinales,  among  which  however  the  Balsamineae  possess  only  the  typical  five 
stamens;  the  Line^  and  the  genus  Erodium  have  five  additional  rudimentary 
.  stamens  interposed  between  them ;  while  in  Peganum  Harmala  and  Monsonia  the 

'  Payer's  figures  show  thit  the  interposed  whorl,  although  of  later  origin,  is  somelimei  enlerior 
,  to  the  typical  whotl.  The  main  point  is  Ihat  the  position  and  number  of  the  other  parts  of  the 
flower  are  exactly  as  if  there  were  no  interposed  whorl.' 
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number  of  stamens  in  the  interposed  and  outer  whorl  is  donbled.  The  order* 
..^scuhneje  is  of  special  interest  in  this  connection,  since  in  some  of  its  families 
(AcerineK  and  Hippocastanete,  Fig.  455)  the  interposed  staroinal  whorl  remains 
incomplete,  so  that  the  total  number  of  stamens  is  not  a  multiple  of  the  typical 
fundamental  number  (five).  Among  pentamerous  flowers  Lj-thrariete,  Crassuiace^, 
and  Papilionacefe  may  be  mentioned  in  addition,  and  among  tetramerous  ones 
(EnothereEe,  in  which  a  complete  staminal  whorl  is  interposed. 

One  of  the  most  remarkable  deviations  frora  the  ordinary  structure  takes  the 
form  in  not  a  few  families  of  Dicotyledons  of  the  simple  staminal  whorl  being 
superposed  on  the  corolline  whorl,  as  shown  in  Figs.  456,  457,  and  as  occurs  also 
in  the  Rhamnace*,  Celastrineie,  the  pentandrous  Hypericinese,  and  Tilia.  Pfeffer ' 
•has  shown  that  the  two  superposed  whorls  of  AmpelideK  arise  independently  of  one 
another  and  in  acropetal  order,  while  on  the  other  hand  in  Primulacea  they  first 
appear  in  the  form  of  five  projections  each  of  which  forms  a  stamen,  and  from  each 
of  which  a  petal  subsequently  grows  outwards.  In  these  cases  we  have  no  sufficient 
ground  for  the  hypothesis  that  an  alternating  whorl  has  been  suppressed  between 
the  two  superposed  ones ;  although  in  other  cases  this  supposition  is  justified,  or  at 
least  is  very  probable.     Thus  in  the  order  Caryophylline^,  famihes,  genera  and 


species  occur  in  which  the  corolla  is  absent  and  the  stamens  are  superposed  on  the 
sepals  ;  and  since  in  the  same  natural  group  species  also  occur  with  a  corolla,  it  may 
be  assumed  that  where  the  corolla  is  absent  this  is  the  result  of  abortion.  Th^ 
diagram  of  these  plants  (Figs.  458,  459)  is  complicated  still  further  by  the  tendency 
which  they  exhibit  to  a  didoubkment  of  the  stamens  and  even  of  the  carpels. 

When  a  flower  has  more  stamens  than  sepals  or  petals,  this  may  be  the  resultj 
as  has  already  been  mentioned,  on  the  one  hand  of  an  increase  in  the  number  of 
staminal  whorls  (as  in  Fig.  451),  or  on  the  other  hand,  of  the.  interposition  of 
a  perfect  or  imperfect  whorl  among  the  typical  ones,  or  of  de'douhlemenl  of  the 
stamens  (as  in  Fig.  458).  These  cases  must  be  clearly  distinguished  from  those  in 
which. a  larger  number  of  stamens  results  from  the  branching  of  the  original  ones, 
a  phenomenon  which  is  found  in  different  sections  of  Dicotyledons,  and  is  some^ 
times  constant  in  whole  families  {see  p,  544).  Thus,  for  instance,  in  Dilleniace;e 
(Fig.  461),  Aurantiacese  (Fig.  463),  and  TiliaceK  (Fig.  463),  each  symbol  which 
indicates  a  group  of  anthers  corresponds  to  a  single  original  stamen..  In  this  case 
the  number  of  original   stamens  is  the  same  as  that  of  the  petals  and    sepals; 

'  Pfeffer,  Dot.  Zeitg,  1870,  p  143;  and  Jahrb.  fiir  wissenscfi.  Bot.vol.  VIII.  p.  (94:  (see 
i'lpra.  p.  609). 
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but  sometimes  it  13  less  (as  in  Hypericum  perforalum  with  three  staminal  bundles 
in  the  pentamerous  flower);  so  that  an  increase  in  the  number  of  stamens  is 
united  with  a  decrease  of  the  typical  number  of  staminal  leaves. 

The  branching  of  carpels  is  much  less  common  than  that  of  stamens.  It 
occurs  very  clearly  in  Malvacete,  where  the  typical  number  of  carpels  is  five, 
and  they  are  often  developed  as  such  {as  in  Hibiscus).  In  some  genera  however 
(as  Malva,  Malope,  and  Althaa)  five  original  rudiments  of  carpels  first  of  all  make 
their  appearance  in  the  form  of  a  low  cushion.  Each  of  these  forms  very  early 
a  larger  number  of  outgrowths  lying  side  by  side,  and  each  of  these  produces  a  style 
and  a  one-seeded  compartment  of  the  peculiarly-shaped  gynteceum  \ 

This  short  sketch  will  be  sufficient  to  show  what  variations  are  possible  in 
the  numbers  and  positions  of  the  parts  that  may  be  included  under  the  expression 
i'n -Pni'/fl  (+,+..  )C„(_m),  which,  as  has  already  been  said,  is  especially  characteristic 
of  flowers  with  pentamerous  or  truly  tetramerous  whorls.  True  tetramerous  flowers 
are  allied  not  only  to  those  that  are  octamerous  (like  Michauxid),  but  also  to 
those  with  dimerous  whorls,  among  which  (Enotherea  may  be  especially  men- 
tioned. Of  genera  belonging  to  this  family,  Epilobium,  for  example,  is  constructed 
on  the  formula  S^^  P^,  Si,.,  C„  Circaa  on  that  of  5,  /-,  Si,  C, ;  and  Trapa,  with 


the  formula  S^.^^  ,Si,C3  must  also  be  mcluded  here  Althcu„h  m  Epihhtum 
and  Trapa  the  caljx  really  consists  of  two  whorls  this  pseu do  whorl  formed  of 
two  decussate  puis  is  followed  by  the  other  whorls  e\actl}  a<i  if  it  were  a  true 
tetramerous  whorl  But  otl  er  dimerous  and  tetramerous  flowers  exhibit  a  more 
considerable  deviation  from  the  t)pe  masmucn  as  the  two  dimerous  perianth  whorls 
which  develope  as  if  they  were  a  tetramerous  cal)  x  or  corolla  are  followed  bj  a 
staminal  whorl  which  is  superposed  on  the  pseudo  whorl  consistinj^  of  two  decussate 
pairs,  as  in  Uriica  and  other  genera  of  the  order  and  in  Proteacese  with  the 
formula  i'j^^  5/,  Q  (Fig  370) 

Among  the  dimerous  ^nd  trimerous  flowers  of  the  orders  Polycarpae  and 
Cruciflone,  where  they  are  the  most  perlectlv  developed  a  tenientv  prevails  for 
more  than  one  whorl  to  go  to  the  formation  of  the  cal>x  the  corolla  the  androecium 
and  even  the  gynsceum  a  tendencv  which  may  be  expressed  bj  the  formula 
■5,w,v-)-Pp(-H.+     )■^^M■^P^     >'^.Ur4  forexample 


Fumariacese  5  P 
Berberidea;, 

Epimedium,  S, 


?'. 


I  See  Payer,  Organogenic  de  la  fleur,  PI.  6-8. 
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Berheris,  ■S'j^i's^S/a^  C„ 
Podophyllum,  .%  />,+,=  ^/,%,  Cj. 
Cruciferfe,  ^j+ji'xi^WCjf+i]- 

A  large  number  of  examples  of  this  general  formula  are  afforded  by  the 
family  MenispermaceEe,  in  whicii  the  whorls  are  sometimes  dimerous,  sometimes 
trimerous,  while  sometimes  whorls  of  each  description  occur  in  one  flower;  and 
where  almost  every  one  of  the  organs  may  disappear  by  abortion '. 

In  addition  to  the  trimerous  flowers  already  mentioned,  there  are  also  some 
which  come  under  the  iirst-mentioned  general  formula  S„P„S/„(^„)C„i_,a);  as, 
for  example,  Rheum  with  the  formula  S^  P^  Sl^+s  '^s-  Other  trimerous  flowers 
again  appear  to  belong  to  a  third  type,  as  Asarum  with  the  formula  S^  Sl^j^g  Q. 

When  the  number  of  staminal  whorls  is  considerably  increased,  it  not  unfre- 
quently  happens  that  the  number  of  stamens  in  each  whorl  also  imdei^oes  change, 
and  complicated  alternations  arise.  Flowers  the  structure  of  which  is  otherwise 
altogether  diiferent  resemble  one  another  in  this  respect,  as  is  shown  by  the 
Papaveraceje  on  the  one  hand  {Fig,  464),  and  by  the  Cistinete  and  some  Rosacea 
on  the  other  hand. 


The  reduction  of  the  flower  to  a  simpler  condition  is  often  carried  1 
in  many  Dicotyledons  (as  in  Monocotyledons)  that  each  individual  flower  < 
only  either  of  an  ovary  with  one  or  several  stamens,  or,  when  the  arrangement 
is  diclinous,  even  only  of  a  single  ovary  or  of  a  single  or  several  stamens;  the 
perianth  being  either  entirely  absent  (as  in  Saiix  and  Fi^racese)  or  reduced  to  a 
cup-like  structure  {Populus,  the  female  flower  of  CannabincEe,  &c.)  or  to  hair-hke 
scales  among  the  sexual  organs  which  represent  the  flower  {i.g.  Plaianus).  Flowers 
of  this  kind  are  generally  very  small  and  densely  crowded  in  large  numbers  in 
the  inflorescence  (such  as  capimla,  spikes,  or  catkins).  In  some  cases  it  may  even 
be  doubtful  whether  we  have  an  inflorescence  or  a  single  flower,  as  in  the  genus 


The  development  of  ■  the  separate  parts  and  the  entire  form  of  the  flower 
in  ihe  mature  state  is  so  various  that  it  is  scarcely  possible  to  state  any  general 

'  Eichler,  Ueber  die  Menispermaceen,  Denltschrift  der  k.  bayer.  Ges.,  Regensburg  1964. — 
Payer.  Organogenie  de  la  fleur,  Pi.  45-49.— Eichler,  Flora,  1865,  Nos.  2-8  el  sej. 

'  See  Payer,  /.  c.  p.  529 ;  [also  foot-note  to  p.  490.  It  is  now  generally  admitted  that  the 
Cyathlum  of  Eufhorbia  is  a.n  inflorescence,  a  view  which  was  first  enunciated  by  Robert  Brown  in 
opposition  to  Linnieus,  who  regarded  it  as  a  single  flower.  It  appears  that  the  stamens  are  here 
axial  (Warming,  Ueb,  poUenbildende  Caulome  und  Phyllome,  in  Haiistein's  Bot.  AbhdI.  H,  1S73)]. 
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facts  concerning  them.  The  perigynous  structure  of  the  flower  is  peculiar  (o 
Dicotyledons,  as  is  also  the  occurrence  of  hollowed  axes  of  the  inflorescence,  like 
the  lig  and  similar  structures,  and  the  cupule,  which  occur  in  some  families,  and  are 
dependent  on  similar  processes  of  growth. 

The  Ovules  exhibit,  in  the  different  divisions  of  Dicotyledons,  all  those  varieties 
of  structure  which  have  already  been  mentioned  in  the  introduction.  Very  commonly, 
especially  among  the  GamopetalK,  the  nucellus  is  covered  by  only  one  integument, 
■which  is  then  often  very  thick  before  fertilisation.  But  on  the  other  hand  the 
third  integument  or  aril  is  much  more  common  than  among  Monocotyledons. 
When  there  are  two  integuments,  the  outer  one — difi"ering  again  in  this  respect 
from  most  Monocotyledons — takes  part  in  the  formation  of  the  micropyle,  enveloping 
the  exostome  or  entrance  to  it.  In  some  parasites  the  ovules  are  rudimentary, 
and  in  many  Balanophoraceie  are  reduced  to  a  naked  few-celled  nucellus;  while 
in  Loranthacere  they  are  coherent  with  the  tissue  of  the  floral  axis  in  the  inferior 

The  behaviour  of  the  Embryo-sac^  before  and  after  fertilisation  is  similar 
in  most  Dicotyledons  to  that  which  occurs  in  Monocotyledons.  The  endosperm 
usually  originates  by  free  cell -formation,  and  is  transformed  by  repeated  divisions 
of  the  first  cells  which  are  formed  in  this  manner  into  a  more  or  less  dense  tissue, 
which  fills  up  the  embryo-sac  either  before  or  after  the  formation  of  the  multi- 
cellular rudiment  of  the  embryo.  But  in  a  very  considerable  number  of  families 
belonging  to  altogether  different  groups  the  embryo-sac  exhibits  on  the  one  hand 
striking  phenomena  of  growth,  elongating  considerably  before  impregnation  into 
a  long  tube,  and  emitting  after  impregnation  one  or  more  vermiform  protrusions 
which  penetrate  into  and  destroy  the  tissue  of  the  nucellus  and  of  the  integu- ' 
ments,  or  even  protrude  altogether  out  of  the  ovule  (as  in  Pediadans,  Lathnra, 
and  Thesiuin).  On  the  other  hand,  in  those  plants  in  which  the  endosperm 
priginates  by  cell-division  we  learn  from  Hofmeister  that  the  following  variations 
occur : — '  The  whole  of  the  cavity  of  the  embryo-sac  behaves  like  the  first  cell 
of  the  endosperm  in  Asarine^,  Aristolochiacea,  Balanophoracefe,  Pyrolese,  and 
JVIonotropeie ;  the  first  division  of  the  sac  is  the  result  of  a  pai  tition-wafl  which 
.divides  it  into  two  nearly  equal  halves,  each  of  which  encloses  a  cell-nucleus 
and  again  divides  at  least  once  into  daughter- eel  Is.  In  other  cases  the  first 
cell  of  the  endosperm  includes  the  upper  end  of  the  embryo-sac ;  the  embryo-sac, 
immediately  after  fertilisation  appears  to  be  divided  by  a  transverse  septum  into 
p  lopes  into  the  endosperm  by  a  series  of 

ar  the  lower  one  occurs  in  Viscum,  Thesium, 

L  R    na  m      urn,  OT  Globularia.     The    first   cell  of  the 

m  m  the   embryo-sac  in    Veronica^  Nemophila, 

J'  P  L  and  Labiatse;  its  lower  end  in  Loranlhus, 

A  us  pa    H  and  Vaccinium'     In  Nymphaa;  Nuphar, 

p  he  embryo-sac   is   cut  off  from   the   rest 

m  af  rtilisation,  and  the  further  development  of 
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the  daughter- cells  or  endosperm  takes  place  only  in  the  upper  part  which  also 
encloses  the  oospore.  This  mode  of  formation  of  the  endosperm  differs  however 
from  that  which  occurs  in  the  plants  mentioned  above,  in  taking  place  in  the  upper 
half  of  the  embryo-sac  by  free  cell-formation. 

In  the  very  large  majority  of  true  parasites  (except  Cuscuta)  and  saprophytes, 
the  endosperm  is  formed  by  cell-division  ;  in  Cascuta  however  by  free  cell-formal  ion, 
Hofmeister  slates  that  only  slight  indications  of  the  formation  of  endosperm  are 
to  be  found  in  Tropmolum.  and  Trapa. 

The  mode  of  formation  of  the  Embryo  of  Dicotyledons,  as  it  has  now  been 
elucidated  by  Hanstein's  recent  researches,  has  already  been  explained  in  the 
introduction  to  Angiosperms  (see  Fig.  403).  It  need  now  only  be  stated  in 
adhpd  h  ph 


stronger  fohage-leaves  generally  m  large  numbers,  and  then  pursue  their  course  as  isolated 
bundles  in  the  leaf-stalt  and  mid-rib,  giving  off  the  secondary  bundles  which  constitute 
the  venation  of  the  lamina'.  The  branches  which  descend  into  the  stem  mostly  run 
downwards  through  several  internodes,  become  first  interposed  between  the  upper  parts 
of  the  older  bundles,  and  sometimes  (Fig.  465)  first  split  and  then  coalesce  laterally 
with  the  older  bundles  lower  down,  Sometimes  (as  in  Iberis)  every  bundle  is  twisted 
in  the  stem  and  in  the  same  direction,  so  that  the  bundles  which  have  coalesced 
sympodially,  belonging  to  leaves  of  different  height  on  th  ten  a  cend  spirally  within 
the  cortex.     But  most  commonly  they  ru'n  parall  I  to  the  t  the  stem,  until  they 

anastomose  with  older  bundles  lower  down.  The  bundl  d  not  bend  deeply  into  the 
inner  tissue  of  the  stem,  but  turn  downwards  and  un  pa  allel  t  one  another  at  the 
same  distance  below  the  surface,  so  that  they  1  e  n  one  !a  e  which  presents  the 
appearance  of  a  ring  on  transverse  section  separat  ng  tl  e  fundam  ntai  tissue  into  pith 
and  primary  cortex.  The  portions  of  the  funda  ental  t  ue  wh  ch  lie  between  the 
libro-vaseular  bundles  connect  the  pith  with  the  primary  cortex,  and  form  the  primary 
Medullary  Rayi.     If  there  is  no  subsequent  increase  in  thickness  no  further  change  takes 

'  Hanstein,  Jahrb.  fiir  wisE.  Bot.  vol.  I.  p.  233  el  seq. ;  and  for  the  girdle-shaped  combinations 
of  vascular  bundles,  Abh.  der  Beri.  Akad.  1857,  8. — Nageli,  Beittage  zut  wiss,  Bot.  Leipzig,  Heft  I, 
1858  ;  and  Dictenwachslhum  und  Anordnung  der  Gefassstrange  beiden  Sapindaceen,  Miinchen  1864. 
— Sitnio,  Bot.  Zeitg.  1S64,  p.  193  ilsig.,  and  [865,  p  165  et  seq, — Eichler,  Denkschrift  der  kon.  bayer. 
Bot.  Gesells.  vol.  V.  Heft  I.  p.  20,  Regensburg  1864. — [De  Bary,  Vergleichende  Anatomie  der 
V^etationsoi^ne  der  Pbanerogamen  und  Fame,  1S77.] 

'  When  several  fibro- vascular  bnndles  enter  a  leaf-stalb,  they  are  generaDy  widely  separated 
by  the  fundamental  tissue ;  but  sometimes,  as  in  the  Fig,  the  bundles  are  arranged  in  a  circle  on 
transverse  section,  and  form  a  dosed  hollow  cylinder  which  divides  fhe  fundamental  tissue  of  the 
leaf-Btalk  inlo  pith  and  cortex.  Isolated  fibro-vascuUr  bundles  also  run  into  ihe  pilh  of  tlie  leaf-slalk 
in  the  Fig,  as  occurs  also  in  the  stems  of  some  Dicotyledons. 
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ice.     But  usually,  even  in  annual  stems  (as  Hd'mntbui  and  B  )      d  b  j    n, 

lody  stems   and  branches,  several    years   old,  the  subseque  t  se         th    kn 

begins  after  the  elongation  of  the  internodes.     A  layer  of  camb    m       f         d  h 

bundle  between  the  phloem,  which  is  external,  and  the  xylcm  h  h  t  m  d  t  ds 
the  axis  of  the  stem ;  the  cambium  layers  of  the  bundles,  which  t  first      p      t  d  I  > 

the  medullary  rays  and  lie  side  by  side  in  a  ring,  unite  into  a  cl      d  m     tl      1  b    m 

an  interfascicular  cambium  being  formed  by  divisions  in  the      t  d  11      f    h 

medullary  rays,   which   bridge   over  the  spaces   between   the   1  f  th         mb 

of  the  separate  fibro-vascular  bundles  (see  Fig,  9j),      The  C     b  5-th      f  rm  d 

produces  on  the  outside  layers  of  phloem,  on  the  inside  layers  of  xylem,  while  it  is  at 
the  same  time  itselt  constantly  mcreas  ng  in  t  rcumference  'ill  the  tissue  formed  in  the 
fibro-vascular  bundles  Irom  the  cambium  ring  on  the  outside  ma)  be  termed  Secondary 
Bait,  all  the  xylem  formed  on  the  mside  Secondary  Wood  in  opposition  to  the  Primary 
Bast  and  the  Primary  Hoed  which  consist  of  the  isolated  bundles  of  phloem  and 
xylem  of  the  foliar  bundles  which  were  already  in  existence  before  the  formation  of  the 
cambium -ring.  While  tne  wood  which  is  produced  from  th  s  cambium-ring  forms  a 
hollow  cylinder,  the  primarj  wood)  bundles  project  tron  the  in  ide  of  the  ring  into  the 
pith  as  ridges,  and  often  cause  it  to  present  on  trinsveise   "itction  the  appearance  of 


a  star.  The  whole  of  these  primary  xylem-bundles  are  included  in  the  term  Medullary 
Sheolb ;  and  in  the  same  sense  one  may  adopt  Nageli's  term  of  Cortical  Sheath  to  express 
(he  whole  of  the  primary  bast-bundles  at  the  periphery  of  the  bundles.  The  growth  in 
length  of  the  medullary  and  cortical  sheaths  accompanies  that  of  the  internodes  which 
takes  place  before  the  formation  of  the  cambium-ring,  and  they  therefore  generally  consist 
of  very  long  elements ; — the  medullary  sheath  of  very  long  annular,  spiral,  and  reticulated 
vessels  intermixed  with  long  woody  fibres  ;  the  cortical  sheath  containing  bundles  of  long 
bast-fibres  which  become  widely  separated  from  one  another  by  the  increase  in  circum- 
ference of  the  stem,  and  which  are  often  strongly  thickened  but  long  and  flexible;  in 
addition  to  these,  long  cambiform  cells  and  elongated  bast-vessels  (latticed  and  sieve-tubes) 
occur  in  it.  The  structural  elements  of  the  secondary  cortex  are,  like  those  of  the 
secondary  wood,  shorter ;  in  the  secondary  wood  there  are  no  annular  or  spiral  vessels, 
these  being  altogether  replaced  by  shorter  and  broader  vessels  with  bordered  pits,  sur- 
rounded by  wood-fibres  intermixed  with  woody  parenchyma  (seep.  116).  The  secondary 
cortex  forms  either  a  number  of  layers  of  thick-wailed  as  well  as  thin-walled  bast-fibres, 
and  partially  parenchymatous  masses  of  phloem,  or  these  last  only,  or  the  most  various 
combinations  of  both.  Finally  the  primary  cortex  and  the  epidermis  are  both  generally 
supplanted  by  the  formation  of  periderm  and  bark;  although  they  may  sometimes 
undergo  a  considerable  growth  in  thickness  by  increasing  in  diiimeter  at  the  same  time 


vGooqIc 


th  1 1 

fct  d 

1   d 

t  t  d 

f    y] 

d  phi 
d   1 

1    gthw 

1 1 

11      1 

h 

th 

s 

11> 

ft 

d  p 

ray 

th      th 

phi 

mcOTVLEDONS.  65 1 

t    m  d  (  f  HI     1/  "L    )      Th 

f        d  by  th        t     ty     t  th  I  g         pe 

d        t        byse        lymdllyj  t!,fh 

ood  tl  Ighd        d        thsedyrt 

hym  t  I     th  th  >  1)    I     >l  m 

J  dlwyh         tl      pw         ftkgpssmLtd 

fodmtllpprtasth  b  g  th  bf 

th  y  d  th     1  t      1       rs     f  d  1      y    t  1   by      1    g 

b       f  ray       rh  y  m        1  >  t      IL        th    k  d  t         th 

vertical  plates  wedge-shaped  at  their  upper  and  lower  edges,  which  have  the  appearance 
in  a  longitudinal  section  of  ribhon-like  structures  (the  '  silvei^grain  ').  In  a  tangential 
section  the  fibro-vascular  bundles  which  run  through  the  length  of  the  stem  are  seen  to 
form  a  network  of  elongated,  meshes,  through  which  the  rays  pass  (especially  clearly  seen 
in  decaying  cabbage-stumps).  The  medullary  rays,  like  the  fibro-vascular  bundles,  are 
added  to  by  means  of  the  cambium-ring  outwards  and  inwards ;  and  as  the  ring  increases 
in  thickness,  it  produces  new  rays  between  the  old  ones. 

[The  following  tabular  account  of  the  structure  of  the  secondary  wood  (xylem)  in 
Dicotyledons  is  taken  from  De  Bary  (Vergleichende  Anatomic)  :— 

1.  Wood  consisting  only  of  tracheides  with  bordered  pits ; — 

WintereEB    {Drimjri  IVinteri,  Tasmannia   aromatica;    also  Tmcbodcndrott  ara- 
lioidei):  (Conifers'), 

2.  Wood   consisting  of  vessels,  tracheides,  parenchyma,  and   intermediate   cells 

{erjalzfasern')  :— 

a.  With  no  intermediate  cells;  I/ex  aqaifoUum,  Stapbytea p'mnata,  Rosa 

canina,  Cratagui  monagyna,  Pjrui  communii,  Spirma  opulifalia.   Ca- 
mellia, &c. 

b.  With  no  parenchyma;  Porlieria. 

c.  With  both  parenchyma  and  intermediate  cells ;  Jasm'mum  revolutum, 

Kerria,  Potentilla  fruticosa,  Caiuarma  eqaijctifolia  and  taraloia,  Ariste- 
locbia  Sipho,  &c. 

3.  Wood  consisting  of  vessels,  tracheides,  fibres,  parenchyma,  and  intermediate 

a.  With  no  Intermediate  cells;  fibres  unseptate;  e.g.  Sambrkas  nigra 
and  racemosa,  Acer  platanoides,  pieudopliilanui,  and  campeitris. 

i.  With  both  parenchyma  and  intermediate  cells ;  fibres  unseptate ; 
Berberij  -vulgarii,  Mabonia  ;  {Ephedra). 

c.  With   no  intermediate  cells;    fibres  septate  and  unseptate;    Ptmica, 

Euanymus  laiifoUus   and   europaus,  Celastms  scandens,  Vitis  ■oiaifera, 
Fuchsia  gloioja,  Cealradenla  grandi/olia,  Hedera  Helix,  &c. 

d.  With  all  four  kinds  of  cells ;  Miihlenbeckia  complexa,  Ficus  (?), 

4.  Wood  consisting  of  vessels,  tracheides,   fibres,  parenchyma,  and  intermediate 

cells.     This  is  the  mo=t  common,  and  may  be  taken  as  the  typical  struc- 

a.  With  no  intermediate  cells  ;  Sparmannia  africana,  Calycantbus,  Rham- 
BUI  cathartica,  RibeJ  rubrum,  Quercus,  Cuitanea,  Carpinui  sp., 
AmygdalcK,  Melaleuca,  Callislemo/i  ip.,  &c. 

'  [According  to  Sanio,  Taxas  haccala  has  wood  of  this  eomposilion 
state  that  some  pateiichyma  is  also  present ;  this  parenchyma  is  better 
Conifers.! 

>  [See  supra,  p.  1 19.  These  cells  were  first  distinguished  by  Sanio,  who  termed  them 
fasera'  (replacing- fibres),  because  they  frequently  take  the  place  of  the  wood-parenchymi 
term  'intermediate'  used  above  refers  to  the  fact  tliat  they  are  intermediate  in  form  i 
prosenchymatous  and  parenchymatous  cells.] 
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b.  With  no  parenchyma;  Caragana  arboresceni. 

c.  With  both  kinds  of  cells;  most  fohage-trees  and  shrubs,  e.g.  Sal'ix, 

pDfulus  if.,  Lir'iodifidroK,  Magnolia  acuminata,  Mnui  glutinosa,  Bflula 
alba,  Juglans  regia,  Nerium,  Tilia,  Haifa  jua-veokns,  Ailanthus, 
Rohinia,  Gledilscbia  ip.,  Ulex  earopaui,  &c. 

5.  Wood  consisting  of  vessels,  fibres,  parenchyma,  and  intermediate  cells : — 

a.  With  no  parenchyma ;  Viscum  album. 

b.  With  no  intermediate  cells;  Aiiicennia. 

c.  With  both  kinds   of  cells ;    Fraxinm  excehior,  Ornus,  Citrui  niedica, 

Platanus,  &c, 

6.  Wood  consisting  of  vessels,  fibres,  and  parenchyma:— 

Cbelranthus  Cbeiri,  Begonia.    Also  many  Crassulacese  and  Caryophyllaceie. 

7.  Wood  consisting  of  vessels,  fibres,  parenchyma,  and  true  woody  fibres'  (?)  :  — 

Coleus  Macraei,  Eugenia  australis.  Hydrangea  horteniis. 

8.  Wood  consisting  of  vessels,  tracheides,  woody  fibres,  septate  fibres,  parenchyma, 

and  intermediate  ceils  r — 

Ceratonia  jlliqua,  Bignonia  capreolaia ;  it  is  however  still  doubtful  if  true 
woody  fibres  are  present.] 

When  the  increase  in  thickness  of  a  stem  ceases  periodically  and  is  renewed 
with  each  new  period  of  vegetation,  as  In  our  woody  plants,  a  layer  of  wood  is 
formed  during  each  period  of  growth  (and  usually  also  a  secondary  cortical  layer), 
which  is  sharply  marked  off  from  those  of  the  preceding  and  of  the  following  year, 
and  is  called  an  Annual  Ring  of  the  wood.  These  annua!  rings  are  usually  distinctly 
visible  to  the  naked  eye,  because  the  mass  of  wood  formed  in  the  early  part  of  each 
period  of  vegetation  has  usually  a  different  appearance  from  that  formed  in  the  autumn, 
the  latter  being  denser,  the  former  less  dense  and  generally  with  a  greater  number  of 
vessels.  The  wood  formed  in  the  spring  consists  also  of  wider  cells  than  that  produced 
in  the  autumn,  and  the  radial  diameter  of  the  cells  is  usually  greater.  The  ceils  formed 
in  the  autumn  appear  compressed  radially  and  broad  in  the  tangential  direction  ;  their 
cavities  are  smaller,  and  hence,  other  things  being  equal,  the  thickness  of  their  wall  Is 
greater.  A  given  quantity  of  wood  produced  in  the  autumn  is  therefore  denser  than 
a  like  volume  formed  in  the  spring*.     While  Dicotyledons  differ  so  widely  from  Moiio- 


'  [The  distinction  which  is  drawn  between  '  fibres '  and  '  true  woody  fibres '  Is  in  their  contents  : 
the  former  nearly  always  contain  starch,  in  some  cases  (Spirisa  salici/olia,  young  wood  of  Vuis 
vinifera  and  Cenlradenia  graadifolia)  chlorophyll,  and  in  others  (Syringa  vulgaris)  tannin ;  the  latter 
contain  air  and  water,  and  sometimes  a  mere  residue  of  protoplasm.  These  two  kinds  of  fibres 
usually  occupy  the  same  relative  position  in  a  fibro-vascular  bundle,  and  it  is  doubtful  if  they  are 
ever  both  present  in  the  same  btmdle;  the  'fibres  '  gradually  become  converted  into  'woody  fibres,'] 
•  The  cause  of  this  difference  is  not  yet  known ;  but  I  suppose  that  it  depends  simply  on  the 
difference  in  pressure  to  which  the  cambium  and  the  wood  are  subjected  from  the  surrounding  cortex. 
This  pressure  is  less  in  the  spring,  and  constantly  increases  till  the  autumn.  I  have  no  direct 
measurements  of  this,  but  conclude  it  from  the  fact  that  the  longitudinal  fissures  in  the  bark 
become  wider  in  February  and  March,  as  may  be  clearly  seen  in  the  Oak,  Maple,  Poplar,  Walnut,  &c. 
I  cannot  here  explain  the  cause  of  this ;  but  in  any  case  the  bark,  the  longitudinal  fissures  of  which 
have  become  wider  in  winter,  must  exert  less  pressure  on  the  cambium  in  the  spring,  and  the  cells  of 
the  wood  must  therefore  be  able  to  extend  more  easily  in  a  radial  direction.  The  pressure  which 
the  bark  exerts  on  the  cambium  must  continually  increase  by  the  thickening  of  the  ring  of  wood 
intcmallj  and  the  drying  up  of  (he  bark  in  summer  externally,  and  must  afiecl  the  radial  growth  of 
the  young  cells  of  the  autumnal  wood.  Further  investigations  which  I  am  proposing  to  make  wiil 
determine  whether  my  theory  is  correct.' — This  hypothesis,  which  I  brought  forward  in  the  first 
edition,  has  recenHy  been  fully  confirmed  by  the  researches  of  H.  de  Vries.  (See  Flora,  1872,  no.  16,  ' 
and  sect.  15  of  Book  III  of  this  work.) 
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DICOTYLEDONS.  6j3 

cotyledons  in  this  mode  of  increase  of  their  stem;  in  thickness,  they  agree  almost  entirely 
in  this  respect  with  Gymnosperms,  except  that  in  these  latter  there  are  no  pitted  vessels 
in  the  secondary  woo4  In  this  re'^peet  however,  according  to  von  Mohl,  Ephedra 
~  '    '  The  organisation  of  Dicotyledons  shows  also 

1  pment  in  the  greater  varieties  of  the  forms  of 

composed, 
normal  processes  is  exhibited  by  the  Sapindace*. 
has  the  ordinary  structure ;   but   in  others  a 
li  r  woody  cylinders  of  various  sizes  outside  the 
y    ortes.    Each  of  these  increases  in  thickness,  like 
which  surrounds  it.     Nageli  supposes  the  cause 
f  th      t      t        t    b    th  t  th    p  )  fibro-vascuiar  bundles  of  the  stem  do  not  lie  in 

I  th     t  t      ,  b  t  in  groups  more  towards  the  outside  or  inside.  ■ 

When  the  connecting  bands  of  cambium  are  formed  in  the  fundamental  tissue,  the 
isolated  bundles  become  united  on  the  transverse  section,  according  to  their  grouping, 
into  one  (as  in  PaulUnid)  or  several  {e.g.  Serjania)  closed  rings. 

The  cause  of  a  large  number  of  deviations  of  dilFerent  Itinds  from  the  norma! 
structure  of  the  stem  in  Dicotyledons  which  occur  in  various  families,  is  the  formation 
of  other  cauline  bundles  of  later  origin  in  the  stem  besides  the  common  bundles,  either 
within  the  primary  pith  or  outside  the  ring  in  which  the  common  bundles  lie.  We  owe 
to  Nageli  a  more  exact  knowledge  of  these  cases,  and  more  especially  to  the  very 
exhaustive  labours  of  Sanio,  which  form  for  the  most  part  the  basis,  in  addition  to 
my  own  observations,  of  the  following  short  sketch,  without  going  in  detail  into  special 
cases '.  I  must  refrain,  in  particular,  from  giving  a  detailed  account  of  the  behaviour  of 
Sanio's  thickening-ring  or  of  Niigeli's  meristem-ring,  as  this  would  involve  considerable 
prolixity. 

These  phenomena  may  be  classified  into  two  groups,  according  as  the  secondary 
(cauline)  bundles  originate  within  or  without  the  circle  of  the  primary  (common) 
bundles.      Sanio  calls  the  former  the  endogenous,  the  latter  the   exogenous   mode  of 

Pint  Group.  The  secondary  bundles  are  formed  outside  the  primary  bundles 
(exogenous). 

a.  The  primary  (common)  bundles  He  near  the  axis  of  the  stem,  and  remain  more  or 
less  isolated,  while  the  secondary  {cauline)  bundles  are  formed  by  a  closed  cambium-ring 
external  to  the  primary  bundles,  which  continues  to  grow  on  the  outside  (originally  a 
'  thickening-ring '  in  Sanio's  sense).  Examples  are  furnished  by  MirabUh,  Amarantbas, 
Atriplex,  Chenopodium  album,  and  probably  by  ail  the  Nyctagineae  and  Mesembryan- 
themacese. 

h.  The  primary  (common)  bundles  lie  in  a  ring  on  the  transverse  section  and  continue 
their  growth  by  means  of  a  closed  cambium-ring,  which  however  soon  disappears.  A 
new  cambium-ring  is  then  formed  outside  the  one  which  has  disappeared,  and  another 
one  again  outside  this  one  when  it  has  in  turn  disappeared.  Several  circles  of  fibro- 
vascular  bundles  are  thus  formed,  continually  increasing  in  number.  In  many  Meni- 
spermacese  (e.g.  Cocculus),  the  new  outer  circle  of  vascular  bundles  together  with  its 
cambium-ring  is  developed  from  a  ring  of  meristem  which  lies  in  the  primary  cortex 
and  therefore  outside  the  primary  bast,— a  phenomenon  which  is  repeated  in  the  cortex 
as  its  growth  proceeds  (Nageli).  In  Phytolacca,  on  the  other  hand,  and,  according  to 
Eichier,  also  in  DilleniaceK,  Whtaria,  Bauhinia,  Polygales  {Securidaca  and  Cameiperma), 
Ciiiui,  and  Fhytocrene,  the  successive  circles  of  bundles  originate  in  the  secondary  bast. 

Second  Group.  The  secondary  bundles  arise  early  ifter  the  primary  bundles  further 
inwards  or  nearer  the  axis  of  the  stem  (er  " 


T  has  collected  the  bibliography  of  the  structure  of  Ihe  stem  of  Dicotyledons  in  the  Nat, 
J6a,  pp.  298-329,  and^lSCj,  pp.  251-258] 
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a.  Both  the  primary  and  the  secondarj"  bundles  remain  isolated ;  they  are  not 
united  by  a  closed  cambium-ring,  but  anastomose  with  one  another,  as  in  Cacurbha, 
Nyirtpbsaees,  and  Papa-ver.  In  the  Cueurbitaeefe  and  PijjeraeeiE  the  more  internal 
bundles  are  arranged  in  a  ring,  but  in  the  NymphEeacex  they  are  arranged  irregularly, 
so  that  the  transverse  section  of  the  stem  bears  a  greater  or  less  resemblance  to  that 
of  a  Monocotyledon. 

b.  The  primary  bundles  lie  in  a  ring  on  the  transverse  section,  and  are  united  by 
a  cambium-ring ;  the  secondary  bundles  arise  at  an  early  period  in  the  pith  and  remain 
isolated  and  scattered  on  the  transverse  section  ;  they  anastomose  with  one  another  and 
with  the  primary  bundles  in  the  nodes  of  the  stem.  Examples  are  furnished,  according 
to  Sanio,  by  Begoniacex,  Aralia,  and  some  Umbeiliferje. 

The  Cell-forms  of  the  phloem  and  xylem  of  Dicotyledons  have  already  been  described 
in  general  terms  (see  p.  116  et  leq.).  Only  two  peculiar  phenomena  need  be  mentioned 
here.  In  CucurbitaceEc,  some  SolanaceiE,  and  Nerium  (and  in  a  certain  sense  also  in 
Tecotna  radicani '),  a  phloem-tissue  is  found  not  only  on  the  outside  but  also  on  the  inside 
of  the  libro-vascular  bundles,  which  is  developed  with  especial  strength  in  Cucurbitacere. 
The  isolated  fibro- vascular  bundles  in  the  pith  which  are  enclosed  by  the  ring  of  wood 
sometimes  show  an  abnormal  arrangement  of  their  phloem  and  xylem.  Thus,  according 
to  S.mio,  Aralia  racemoia  has,  within  the  normal  circle  which  grows  by  means  of  a 
cambium -layer,  an  endogenous  circle  of  closed  fibro- vascular  bundles  in  which  the  xylem 
is  peripheral  and  the  phloem  central  as  regards  the  stem.  The  isolated  bundles  in  the 
pith  of  Phytolacca  Molca  on  the  other  hand  consist,  according  to  Nageli,  on  a  transverse 
section,  of  a  hollow  woody  cylinder  which  surrounds  the  phloem  on  all  sides  and  is 
penetrated  by  xylem-rays.  The  isolated  (ibro -vascular  bundles  of  the  piih  in  the  rachis 
of  the  inflorescence  of  Ricinus  communis  also  consist  of  a  thin  axial  bundle  of  phloem  (?), 
surrounded  by  a  sheath  of  cells  (xylem  ?)  arranged  in  rays. 

A  layer  of  collenchyma  is  very  common  in  Dicotyledons  beneath  the  epidermis  of 
the  internodes  and  leaf -stalk. 

The  Classificaiion  of  Dicotyledons '  has  now  been  carried  out  so  completely  that  the 
smaller  groups  which  are  called  Families ',  and  which  usually  comprise  genera  very 
nearly  related  to  one  another,  have  been  united  info  laiger  groups  or  orders ;  so  that 
at  present  only  a  few  femiiies  remain  unplaced.  The  greater  number  of  the  orders  can 
also  be  again  arranged  into  larger  groups  which  are  clearly  connected  by  actual  relation- 
ship. Systematists  have  not  however  up  to  the  present  time  agreed  as  to  how  many  of 
th        )  I        I    ffi    ty  h     Id  b    est  bl  h  d       a-  t        k    th    p  m       d  f  th 
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[A  camb    m      g      f    med        m  11)         h    p  m  ry  b    dl  h         m    f  h    pl  nt,  see 

Nageli,  Beitrage,  I ;  also  Sanio,  Bot.  Zeitg.  1864,  p.  228.] 

'  [See  note  to  p.  630.] 

'  Le  Maout  and  Decaisne's  Traits  general  de  Bolanique,  descriptive  et  analytique,  is  strongly  to 
be  recommended  for  a  stndy  of  the  diagnosis  of  the  families  [translated  by  Mrs.  Hooker;  London 

*  Endllcher,  Genera  plantatum  secundum  ordines  aaturales  disposita,  Vindobonie,  1836-18401 
and  Enchiridion  bolajiicum,  Lipsise — Viennfe,  1841. 

'  A  Braun,  Uebersicht  des  naturliohen  Systems,  in  Ascherson's  Flora  der  Provinz  Brandenburg, 
1864. 

«  Hanstein,  Ueheraichl  des  natiirlichen  P (Ian zensy stems,  Bonn  1867.     In  the  first  edition  of  this 
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tioii  hawever  assi^K  fjr  too  great  in  importance  to  this  particular  po  nt  of  stiucture 
coiisiderinj,  that  on  the  or  e  hand  flowers  occur  amont,  the  Lteutheropetalie  which 
differ  greatly  from  one  another  not  only  in  this  but  also  in  e^erj  other  respect  while 
on  the  other  hand  the  most  intimate  relationship  exisfi  between  particular  sections  of 
EleutheropetalK  and  of  Gamopetals  I  therefore  thint  it  convtnient  wh  le  retaining 
the  largest  sub  du  sions  of  the  class  to  employ  also  other  characters  in  the  classifi 
cation  and  to  make  uie  of  the  character  drawn  from  the  cohesion  or  tion  cohesion 
of  the  petals  m  the  subdmsion  ot  the  largest  group  that  provided  with  two  perianth 
whorls  In  the  following  classification  Dicotyledons  are  split  up  into  five  divisons  of 
equal  systematic  and  morphological  value  whith  should  rather  be  arranged  parallel  to 
one  another  than  in  a  s  ngle  linear  series  This  classification  has  also,  1  th  nk  a  practical 
advantage,  imce  the  extraordinarily  large  number  of  families  ind  ordera  can  be  more 
easilj  kept  in  the  memorj  when  the)  ire  it  onte  arranged  in  se\eral  Lompiehens^L 
groups  of  equal  value. 

DICOTYLEDONS. 

I.  Juliflorffl  : 

A.  Piperine^, 

B.  Urticines, 

C.  Amentiferic 
II.  Honoclilamydeea : 

A.  Serpentariex, 

B,  Rhizanthes. 

III.  AphanocyelsB : 

A.  Hydropekidinca^, 

B.  PolycarpEe, 

C.  GruciflorEe. 

IV.  Tetraeyolffl  : 

(«)  Gamapeialm  : 

A.  Anisocanise, 

B.  Isocarpse. 

{(3)  Elealheropetala  : 

C.  Eucyclic, 

D.  CentrospermK, 

E.  DiscophorsE. 
V.  Perigjmffl: 

A.  Calyciflors, 

B.  CoroUiflorK. 

The  sections  designated  by  capital  letters  correspond  partly  to  single  ordfers,  partly  to 
whole  series  of  orders  in  the  system  referred  to  above. 

I.  JCLIPLORS. 

Flowers  very  small  or  inconspicuous,  crowded  in  dense  inflorescences— spikes,  capi- 
tula,  or  less  often  panicles — which  are  often  of  very  peculiar  form ;  naked  or  with  a 
simple  sepaloid  pernathi  and  usually  diclinous;  the  male  and  female  flowers  often 
different.     Leaves  simple. 

A.  Fiperinem.     Flowers  very  small,  in  dense  spikes  subtended  by  bracts,  without 

book  I  followed  this  work  with  but  little  deviation.     Compare  alao  Grisebach,  GrundriB?  der 
systematischen  Botanik, 
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a  periantli.     The   small   embryo  lies,  surrounded  by  the  endospei-m,  in  a  hollow 
of  the  copious  perisptrai.     Herbs  or  shrubs,  often  with  verticillate  leaves. 
Families:    i.  Piperace^, 

2.  Saiirurea;, 

3.  Ghlorantheic. 

B.  Urticine/E.  Perianth  simple,  sepaloid,  three-  to  five-partite,  sometimes  absent; 
stamens  superposed  on  the  segments  of  the  perianth  ;  flowers  hermaphrodite  or 
diclinous,  and  then  the  male  and  female  flowers  diiferent  (3),  usually  in  densely 
crowded  inflorescences,  the  female  flowers  in  spikes,  umbels,  capitula  (2)  or  some- 
times panicles  (3),  not  unfrequently  developing  into  peculiar  pseudocarps  (as  the 
Mulberry,  Fig,  Bread-fruit,  and  Ooriteaia),  Fruit  usually  unilocular,  rarely  bilocular ; 
ovules  one  or  rarely  two  in  each  loculus;  seed  usually  with  endosperm.  Large 
shrubs  or  trees';  leaves  stalked,  usually  stipulate. 

Families:    1.  Urticaces, 

UrticeiB, 

More^, 

Artocarpeie, 

3.  Platan  aceze, 

3.  CannabinesE, 

4.  Ulmacei  (including  Celtidese). 

C.  j4mentifer<E.  Flowers  diclinous,  epigynous,  in  compact  panicles  (false  spikes) ; 
the  female  few-flowered  inflorescence  in  (2)  surrounded  by  a  cupule.  Fruit  dry, 
indehiseent,  one-seeded ;  seed  without  endosperm.     Trees  with  deciduous  stipules. 

Families:    i.  Betulaceic, 
2.  Cupdifera;. 

II.  MONOCHLAMYDE^. 
Flowers  large  and  conspicuous  and  consisting  of  a  simple  more  or  less  petaloid, 
usually  gamophyllous  perianth,  one  or  more  staminal  whorls,  and  a  polycarpellary  ovary ; 
carpels  equal  in  number  to  or  doubje  that  of  the  segments  of  the  perianth.  The  number 
of  members  of  the  whorls  is  derived  from  the  typical  numbers  two,  three,  four,  or  five, 
and  generally  increases  in  the  inner  whorls.  Ovary  generally  inferior  and  surmounted 
by  a  short  thick  columnar  style,  to  which  iH  the  hermaphrodite  flowers  the  si 
usually  partially  or  entirely  adherent.     Flowers  often  diclinous.     Seeds  n 

A.  Serpentarieie.  Creeping  or  climbing  plants  with  slender  stems  and  large 
simple  leaves;  floral  whorls  dimerous  and  tetramerous  (i)  or  trimerous  and  hex- 
amerous;  perianth- leaves  free  (i)  or  coherent  into  a  tube;  ovary  of  four  or  six 
loculi ;  embryo  small  but  differentiated. 

Families:    (.  Nepentheie, 

2.  Aristolochiacex, 
J.  Asarine^e. 

B,  Rhixanihea.  Root-parasites  without  chlorophyll  or  foliage-leaves,  generallj' 
with  stunted  vegetative  oi^ans  and  very  large  solitary  flowers  or  small  flowers  in 
a  dense  inflorescence  (i) ;  whorls  dimerous  to  octamerous  (i),  trimerous  (2),  or 
pentamerous  and  decamerous  (j);  ovary  with  one  or  eight  (1)  locuU;  the  placenta 
and  anthers  of  very  peculiar  form ;  a  very  great  number  of  small  seeds  with  rudi- 
mentary embryo. 

Families:    i.  Cytlnes, 

3.  Hycinore*, 
3.  Rafflesiaeea;. 

'  [The  Uitites  iiidiide  a  number  of  herbaceous  genera.] 
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111.  Aphanocycl*. 
Flowers  hemicyclic  or  cyclic,  or  the  parts  arranged  spirally ;  the  members  of  each 
whorl  usually  free,  not  coherent  with  one  another,  or  only  in  the  gyn^ceum ;  perianth 
generally  distinctly  differentiated  into  calyx  and  corolla  ;  the  numbers  of  the  parts  in  the 
four  whorls  very  variable ;  stamens  usually  more  in  number  than  perianth-leaves ;  carpels 
forming  generally  one,  several,  or  a  large  number  of  monocarpellary  ovaries;  the  ovary 
is  usually  superior  and,  when  polycarpellary,  is  uni-  or  multi-locular.  Ovules  springing 
occasionally  in  all  the  groups  from  the  inner  surface  of  the  carpels. 

A.  HydropeitiJineiB.  Water-plants  with  solitary  lateral  and  usually  large  flowers, 
the  perianth-leaves  and  stamens  variable  In  number  and  arranged  spirally;  ovaries 
several  andmonocarpellary(i,  2),  or  one  only  polycarpellary  and  multiloeular;  embryo 
small,  usually  surrounded  by  a  small  endosperm  in  a  hollow  of  the  perisperra. 

Families:    1.  Nelumbiace£e, 

2.  Cabombese, 

3.  Nymphsaceze. 

B.  Polycarffc.  Parts  of  the  flowers  arranged  spirally  or  in  whorls,  when  in 
whorls  usually  dimerous  or  trimerous,  each  series  generally  consisting  of  more  than 
one  whorl,  rarely  in  four  pentamerous  whorls  (2);  gyn^ceum  consisting  of  one, 
several,  or  a  larger  number  of  monocarpellary  ovaries  (trimerous  and  uniloculir  in  8), 

'  which  are  one-  or  many-seeded;  embryo  small;  endosperm  none  (8),  abundant,  or 
very  large  (9). 

F"amilies:    i.  Ranunculaceas, 
2.  DJlleniaceae, 
J.  Schizandreae, 

4.  Anonaceie, 

5.  Magnoliace^, 

6.  Berberidei, 

7.  Menispermacere, 

9.  Myristicacea:. 

C.  Crudjliira.  Perianth -whorls  dimerous;  in  (3)  and  (4)  corolla  of  four  petals 
placed  diagonally ;  staminal  whorls  two  or  more,  each  consisting  of  two  stamens  or 
divisible  by  two ;  ovary  polycarpellary,  unilocular,  or  (spuriously)  bilocular,  or  multi- 
locular  ;  seed  with  (r,  a)  or  without  endosperm. 

Families:    i.  Papaveracere, 


4,  Capparideje, 


IV.  Tetracyclx. 


Parts  of  the  flower  always  arranged  strictly  in  whorls;  the  typical  number  of  whorls 
is  four,  the  calyx,  corolla,  andrcecium,  and  gynseceum  each  consisting  of  a  single  whorl; 
whorls  generally  pentamerous,  rarely  teframerous  (very  rarely  dimerous  or  octamerous); 
any  one  of  the  whorls  may  be  entirely  wanting,  or  individual  members  may  be  abortive ; 
this  occurs  most  often  with  the  stamens  and  carpels.  Increase  in  number  of  the  stamens 
usually  tabes  place  by  the  interposition  of  one  perfect  or  imperfect  whorl  between  the 
members  of  the  typical  whorl  or  a  little  outside  it,  or  by  doubling  of  the  members,  or  by 
branching  of  the  original  staminal  leaves ;  increase  in  number  of  the  staminal  whorls 
themselves  is  rare.  AU  the  whorls  usually  alternate,  but  the  stamens  are  not  unlrequently 
superposed  on  the  petals.  A  tendency  prevails  in  all  the  sections  to  a  diminution  of  the 
number  of  carpels  below  that  of  the  members  of  the  perianth  -  whorl  s ;  very  commonly 
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there  are  only  two,  one  anterior  and  one  posterior, 
polycarpellary,  inferior  or  superior,  unilocular  o 

I.  GamopetaJeB  or  Sympetal®. 
The  petals  united  at  the  base  into  a  tube  or  cup ;  corolla  never  wanting. 

A.  Anitocarfm.  The  number  of  whorls  or  of  members  of  the  whorls  is  never 
larger  than  the  typical  number ;  calyx  or  some  of  the  .stamens  sometimes  abortive ; 
carpels  usually  only  two,  one  anterior  and  one  posterior,  or  three  and  united  into  a 
single  ovary ', 

a.  'Ky^ogynx. 

Order  1.     Tubiflorte, 

Families:   i.  Convolvulacei  {including  Cuscutex), 
3.  Polemonjaceas, 

3.  Hydrophyllaces, 

4.  Boragineae, 

5.  Solanacei. 
Order  2.    IiabiatiflorEa. 

Families;    r.  Scrophulariacei, 
1.  Bignoniaeei, 
J.  Acanthacea;, 

4.  Gesneraces, 

5.  Orobancheie, 

6.  RamondieEE, 

7.  Selaginese, 

8.  Globulariaccic, 

9.  Plantaginese, 
ic.  VerbenaceiE, 
II.  Labiatx. 

Order  3.    Diaudrw. 
Families:   1.  Oleaceie, 

Order  4.     Contortte. 
Families:    i.  Gentianacese, 

3.  Strychnacefe, 

4.  ApocynaceK, 

5.  Asclepiadere. 

b.  Epigynte. 

Order  6.     AggragatfiB, 
Families:  i,  Rubiaces, 

3.  Caprifoliacese, 

3,  ValerianaceK, 

4.  DipsacacefE. 
Order  6.     Synandrie. 

Families:  1.  Cucurbitacese, 
2.  Campanulaceic, 
;.  Lobeliacea;, 

'  The  orders  are  arranged  mainly  after  Braun  and  Hanstein. 
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4.  Goodeniacea, 

5.  Sfylidiea:, 

6.  CalyceresE, 

7.  Compositse. 

B.  Ijccarptc.  Carpels  equal  in  number  to  the  sepals  and  petals,  usually  five, 
rarely  four,  and  coherent  into  a  generally  superior  ovary  (except  Order  i,  Family  1, 
where  there  are  only  two  median  carpels);  diminution  of  the  number  of  stamens 
does  not  occur  [except  in  Order  i,  Family  1);  in  Orders  2  and  3,  on  the  other 
hand,  a  perfect  staminal  whorl  is  usually  interposed ;  in  Order  i  the  stamens  are 
superposed  on  the  petals,  and  a  number  of  seeds  spring  from  an  elevated  asial 
placenta  in  the  unilocular  ovary ;  in  Orders  2  and  j  the  ovary  is  multilocular  and 
many-seeded. 

Order  1.    Primulinese. 
Families;  r,  Lentibulariaceie, 
2.  Plumbagineic, 
J.  Primulaces, 
4.  Myrsraacete. 

Order  2.    Dioapyrine». 

Families:  i,  Sapotaces, 

2.  Ebenacex  {including  Styracaceie). 

Order  3.    Bioornes. 

Families :   i.  Epacridere, 

2.  PyrolaceEE, 

3.  Monotropete, 

4.  Rhodoraceie, 

5.  Ericaeeae, 

6.  Vaceinies. 

n.    Eleutheropetalffl  or  Dialypetalta. 

Petals  free,  sonietimes  wanting, 

C.  Eucydm.  Corolla  very  rarely  wanting;  stamens  very  commonly  twice  or 
three  times  as  many  as  petals  by  the  interposition  of  a  perfect  or  even  double 
(Orders  6, 7)  whorl,  or  by  the  interposition  of  an  imperfect  whorl  diifei-ing  in  number 
from  the  corolla  (Order  5) ;  in  the  isostemonous  flowers  the  stamens  are  sometimes 
superposed  on  the  petals  (Order  4),  or  the  original  stamens  hi«nch  (especially  in 
Orders  2,  3,  and  8) ;  the  number  of  carpels  often  the  same  as  that  of  the  sepals 
and  petals  (Orders  7,  8),  but  commonly  less — two,  three,  or  four ;  ovary  unilocular 
with  parietal  placentse  in  Order  1,  in  the  others  multilocular;  seed  generally  without 
endosperm. 

Order  1.    Parietalea, 
Families:   r    Resedace*, 


Pass)  florae  ese, 
i    Bixacere, 
I    Samydaceae, 


vGooqIc 


PHANEROGAMS. 


Order  2.    GuttiferB. 
;s ;   I.  Salicinesf, 


J,  Reaumui 
,.  Hype, 

5.  ClusiaccK, 

6.  MarcgraviaceK, 

7.  Ternstrcemiacea:, 
B.  ChlsnaceEC, 

9.  Dipterocarpeat. 

Order  3.    Heaperidse. 
Families  1   i.  Aiirantiacere, 

2.  MeliacesE  (including  Cedrdei), 

3.  Hiimiriacea:, 

4.  ErythroxylaceK. 

Order  4.    Frangulins. 

Families:   i.  Ampelidesc, 

2.  Rhamnacei, 

3.  Celastrincic, 

4.  Staphyleaceas, 

5.  Aquifoliice^, 

6.  HippocrateacejE, 

7.  PittosporeiE. 

Order  5.    ^sciilinw. 
Families;   1.  MalpighiaceK, 

2.  Sapindaeere, 

a.  Acerine^ 

b.  Sapindeae, 

c.  Hippocastanese, 

3.  TropaEolacesE, 

4.  Poiygalaeea;. 

Order  8.     Terebinthinte. 

Families;   i.  TerebinthaceiE, 

a.  AnacardiaeeK, 

b.  Burseracea;, 

c.  Amyrideie, 
J.  RuiaceiE, 

a.  Rute^, 

b.  Diosmes, 

c.  Xanthoxyle^ 

d.  Simanibeic, 
J.  Ochnaccie. 

Order  1.    Qruiaalea. 

Families:   1.  Balsaminea;, 

2.  Limnanthaee*, 

3.  LinaceK, 

4.  Osalide^, 

5.  Geraniaeeae, 

6.  Zygophyllaces. 
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Orders.    Columniferfs.  , 

Families:  i.  StercuJiacese,  ' 

2.  Byttneriacex, 

3.  Tiliaces, 

4.  Malvaceie. 
Order  9.    Trioooc»  '^. 

Families:   i.  Eiiphorbiaceie, 

a.  Euphorbieat, 

b.  Acalyphex; 
2.  Pliyilanthacea:, 

a.  Phyllantlie*, 

b.  Buxinex. 

D.  Centroiperma.  Corolla  usually  wanting  (except  in  Fam.  6) ;  stamens  fewer 
or  more  often  more  numerous  than  the  sepals,  in  the  last  case  generally  double  as 
many  (4  or  6) ;  ovary  usually  superior  and  unilocular,  with  one  or  more  basal  often 
campy lotropous  ovules,  less  often  multilocular  with  central  placentation. 

Order  1.     Caryophyllinese. 
Families;   i.  Nyctagineic, 

2.  ChenopodiaceK, 
J.  Amaranthace^, 

4.  Phytolaccaceie, 

5.  PortulacaceEF, 

6.  Caryophyllea^ ; 

a.  ParonychieK, 

b.  Sclerantheic, 

c.  AlsineiE, 

d.  Sileneic. 

E.  D'ucophora.  Ovary  inferior  (Order  i)  or  half  inferior  or  even  superior,  and 
th  (O  d  F  m'!y  5)  pel  distinct;  carpels  as  many  as  or  fewer  than 
Sep  I        d  p  t  1   {  ft       t      )        h       the  ovary  is  inferior  or  half  inferior  a  necta- 

f  d  lly  b  t       n  the  styles  and  the  stamens;  stamens  equal 

mb      t        pi        d  p  t  1    (0  der  i)  or  twice  as  many,  or  even  a  still  larger 
b  [y    I     b  lly     b    i  te   in   Order  i ;    seed   generally   with   copious 

d    p    m 

O  d     1     UmbelliflorBS. 
Families:   i.  UmbeUifer^, 
■i.  Araliacei, 
J,  Cornacesc. 
Order  2.     Saxiftaglnen  ^. 
Families;  i,  Saxifragacex  (including  Hydrangea;, 
Escalloniese,  and  Cunoniaceas), 
i.  GrossulariacesE  (?), 

3.  Philadclphea:  (?), 

4.  Francoaceas  (P), 
3.  CrassulaceEE  (?). 

V.  Perigyn^. 
Flower  displaying  a  tendency  towards  the  perigynous  structure.     An  annular  body 
is  elevated  from  the  floral  axis  bearing  the  perianth  and  the  stamens,  and  enveloping 
the  gynieceum  as  a  cup-,  saucer-,  or  urn-lilte  receptacle;  or  it  becomes  adherent  in  its 
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growth  to  the  carpels  (B,  Order  2,  Family  3).     In  a  few  famihes  which  are  placed  here 
provisionally  (B,  Order  3,  Families  4-6)  the  ovary  is  truly  inferior. 

A.  Caljci^oras.  Perianth  simple,  either  sepalold  or  petaloid  and  usually  tetra- 
merous ;  the  tubular  receptacle  is  generally  of  the  same  nature,  and  in  Family  3  is 
even  quadripartite,  corresponding  to  (he  four  perianth- leaves  and  to  the  four  stamens 
superposed  on  them  (see  Fig.  370) ;  stamens  fewer  than,  as  many  as,  or  twice  as 
many  as  the  perianth -leaves ;  ovary  monocarpellary,  rarely  bilocular,  with  one  or  a 
few  seedi ;  seed  with  little  or  no  endosperm. 

Order  I.    Thymelceinera. 
Families;  1.  ThymelEeaceK, 

2.  Eliagnacea:, 

3.  Proteacea. 

B.  Corollijiorce.  Caly\,  corolla,  and  andracium  placed  0 
cup-shaped  receptacle,  or  on  one  hollowed  out  into  a  deep  u 
in  part  j),  which  is  often  (Order  2)  thick  and  succulent  [as  i 

&c.) ;  sepals  distinct  or  coherent  {Ordei-  1) ;  petiis  alwiys  distinct  (corolla  dialy- 
petalous) ;   the  two  perianth-whorls  usually  pent  m 
stamens  as  many  as  or  twice  as  many  as  (Ord        ) 
larger  number  (Order  2),  in  Order  ;,  Family  3        n 
composed  of  one  (Order  1,  and  in  part  2)  or  se        1 

r  (in  Order  3)  ovary  poly      p  I 


carpellary  c 
(Families  4-6). 


■n  a  flat  (Order  i)  or 
rn-shape  (Order  2  and 
n  the  Apple,  Rose-hip, 


1      nd  p  t  1  a  much 

ly  b    n  h  d     gjn; 


Balanophor 


Order  1.     Iieguminosfs. 

Famihes:   r.  Mimose^, 

3.  CiEsalpineEE, 
+.  PapilionacesF, 
Order  2.    BoBifloriB. 

Families:  i.  Cal yean th ace £e, 
3.  PomeK, 

3.  RosaceJE, 

4.  SanguisorbeiE, 

5.  Dryadea:, 

6.  Spiraea, 

7.  Amygdalei, 

S.  Chrj-sobalanes. 
Order  3.    Myrtiflor», 
Families;  1.  Lythranea', 

2.  Melastomacea^, 
}.  MyrtaceEe, 

4,  CombretaceJE,  1 

5,  CEnothereze,     \ ' 

6,  Haloragideie.    J 

Tamil'ai  of  unkno'wn  or  very  douhtful  affimly. 
Hippuridea;.  Polygonacea^. 


SantalaceEF.  Caliitrichacex. 

Loranthaceae.  Ceratophyllaccie 

Podostemoneae.  Empetracea. 


Begoniaces. 

Mesembryantheii 

Tetmgonieie. 

CactacciE. 


'  The  p. 


of  theE 
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PHYSIOLOGY. 


CHAPTER    I. 

MOLECULAR     FORCES     IN     THE     PLANT. 

Sect.  i.  —  The  Condition  of  Aggregation  of  orgaMsed  structures^ 
Cell-walls,  starch-grains,  and  protoplasmic  structures  consist,  in  their  natural  con- 
dition, at  every  point  that  can  be  seen  even  under  the  microscope,  of  a  combination 
of  solid  material  with  water.  If  these  organised  structures  are  placed  in  a  sub- 
stance capable  of  removing  water,  a  part  of  their  aqueous  contents  is  withdrawn ; 
while,  on  the  other  hand,  if  they  are  in  contact  with  aqueous  solutions  possessing 
certain  chemical  properties  and  of  a  proper  temperature,  they  absorb  more  water. 
The  volume  alters  with  the  change  in  the  proportion  of  water  ;  loss  of  water  causes 
diminution,  absorption  of  water  a  corresponding  augmentation  of  volume.  Since 
the  absorption  of  water  occasions  a  considerable  elevation  of  temperature  (air-dry 
starch  rises  z"  or  3°  C,  when  mixed  with  water  of  the  same  temperature),  it  must 
be  supposed  that  the  water  becomes  denser  as  it  is  absorbed'.  Within  certain  limits 
these  variations  in  the  proportion  of  water  may  occur  without  occasioning  any  per- 
manent change  in  the  intimate  structure ;  but  if,  with  a  higher  temperature  and  in 
the  presence  of  chemical  reagents,  the  proportion  falls  below  a  certain  minimum 
or  exceeds  a  certain  maximum,  permanent  changes  of  the  intimate  structure  take 
place  which  can  no  longer  be  reversed ;  and  the  internal  organisation  of  the  body 
becomes  partially  or  entirely  destroyed, 

'  See  Sachs,  Handbuoh  der  Eiperimental-Phjsiologie,  p,  398  et  sey.~-Nageli  u.  Scliwendener, 
Das  Mikroscop,  p.  411  el  seq. ;  compare  also  Book  I  0/  this  work,  p.  28  *(  .«j. — Cramer,  Katurfotich. 
Gesells.  in  Ziiiich,  Nov.  8,  1869. 

'  Jungk.  in  Pogg.  Ann,  1865,  vol.  jjg.  p.  292  el  seq, 
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These  ftcls  in  connection  with  a  number  of  other  f  henomem  firsi  lei  Niireh 
to  tbe  hypothecs  that  organised  bodies  consist  of  isolated  particles  or  Muellr^ 
betneen  which  the  water  penetrate  and  which  are  whd  and  rehtively  unchange 
able  and  inMSible  even  wtii  the  most  ponerful  micioscopes  E\ery  micella  of  % 
saturated  organised  bodv  s,  on  this  bjpothess  surrounded  bv  lajers  of  water  by 
wh  ch  the  adjacent  micellae  are  comj  letely  separated  from  one  another  These 
micellEe  may  be  suppo  ed  to  be  of  various  sizes  and  it  is  evident  a  frioii  that  if 
tbe  ihickne'is  of  the  aqueous  envelope  n  the  same  larger  micellas  w  11  form  a 
denser  smaller  m  cellce  a  less  dense  substince  and  it  m^j  therefore  he  concluded 
con\erselj  that  the  la)ers  and  lamellse  of  organised  boiies  of  different  densities 
especiall)  those  of  the  cell  wall  and  of  starch  £,ri-us  are  composed  of  micell'*  of 
different  sizes  and  tbe  difference  in  the  proportion  of  water  in  such  cases  leads  to 
the  hypothesis  that  the  densest  sub&lance  consists  of  micella  which  are  several 
thousand  times  larger  than  tho'ie  of  the  more  w  itery  substance  As  tbe  micell'S 
increase  m  size  the  density  of  the  whole  substance  is  moreover  increased  bv  the 
smaller  distance  that  intenenes  between  them  so  that  larger  m  celH  are  separated 
from  one  another  by  thinner  layers  of  water  The  changes  in  volume  of  orf,an  sed 
bodies  due  to  the  removal  of  water  or  its  absorption  depend  according  to  this  view 
on  the  fact  that  when  swelling  takes  place  the  micellae  ire  forced  further  apart  bj 
the  water  which  penetrates  between  them  while  on  the  other  hand  when  water  is 
removed  the)  approach  one  another  in  proportion  as  the  water  is  withdrawn  from 
their  interstices 

The  forces  which  are  concerned  in  these  processes  in  the  inter  or  of  an  orf,an 
ised  body  may  be  divided  into  three  kinds ; — ^i)  the  Cohesion  within  each  separate 
micella  impermeable  to  water,  which  is  itself  an  aggregate  of  molecules  and  atoms ; 
(2)  the  Attraction  of  the  adjacent  micellas  for  one  another,  in  consequence  of  which 
they  tend  mutually  to  approach ;  and  (3)  the  Attraction  of  the  surfaces  of  the  micella 
for  the  absorbed  water,  which  counteracts  the  mutual  attraction  of  the  neighbouring 
micellse. 

In  starch -grains,  ceil-walls,  and  to  a  certain  extent  in  crystalloids^,  the  absorbed 
water  is  not  deposited  uniformly  in  all  directions ;  tbe  micellje  are,  on  the  contrary, 

'  [The  term  Micella  was  applied  by  Nageli  tii  the  aggregates  of  molecules  of  which  organised 
bodies  consist  in  the  second  edition  of  his  work  on  the  Microscope  (1877).  PEeffer.  in  his  Osmotische 
Untersnchungen,  published  in  the  same  year,  applies  itie  general  Letm  tagma  to  all  aggregates  of 
molecules,  and  the  term  syn'ogma  to  bodies  which  are  built  up  of  tagmata.  In  his  Thcorie  der 
Gahning  (1S79),  Nageli  gives  the  following  definitions  of  the  terms  which  he  suggests  for  describing 
the  constitution  of  inatter; — Alam,  the  ultimate  particle  of  a  chemical  element;  Molenilt,  an  aggregate 
of  atoms,  and  hence  th  lt"m  t  p  t'  1  f  I  mical  compound:  Wmn,  an  aggregate  of  molecules, 
which,  like  the  mole  ul  b  th  d  nor  diminished  without  a  change  in  its  chemical 

nilute;  eiamples  of  Ih  fi    d  d  b)         p     id  salts  (e.g.  alum),  and  by  salts  which  contain 

water  of  crystallisatio  {hyd  plfo  )  M  U  Ik  the  pleon,  an  aggregate  of  molecules,  but  differing 
from  the  pleon  in  th  t    t  I      f      m    h  1  rger  number  of  molecules,  and  in  that  increase  ot 

decrease  of  size  doe  t  ft  t  1  h  m  1  on  titulion;  m  this  latter  respect  it  behaves  like  a 
crystal.     The  micell'e  ra  y      mb        t    f  M  ellar  Aggregate  {MicsUvsrbarut),  and  this  may  be 

so  lai^  that  it  is  read  ly  bl  ,  th  ry  II  d  re  eiiamples  of  large  micellar  a^regates.  It  will 
be  noted  that  the  Atom,  Molecule,  and  Pleon  arc  chemical  ideas,  whereas  the  Micella  and  the 
Micellar  Aggregate  are  purely  physical.] 

'  [See  Book  I.  p.  49,  on  Crystalloids,] 


vGooqIc 


CONDITION   OF    AGGREGATION   OF    ORGANISED   STRUCTURES.  66j 

fdfhm  h  1  llyph 

h  rf  fhhir  hfm  fi  &:)flm 

mkblff  ri  I  dh  fhbd  hf 

1!  Igkplpll  m  d  hf 

mpl     1     1      re     f  f  b      fib       b      m        }  d     b  y   i 

hhyllj  hfl  fdl  Ih  d  Ifb  1 

beml  dl  mf  CUdlgh 

gl  1  d  g  h       h  11     Th       I  h      m  pi     b         ]y 

hpp  hhmllf  h  f  db  J 

J        d  tr  d  d    h      g  bl         I>  h     h  pi- 

h  1        hf  fhmlEe  ph         INl        dSl         i 

bddpe         gh  hi        by         yfb  fhpl 

m         pddb         1        d!h  Ulltal  djld 

Th  fdfmhf  J  ni  fhddlmll  i 

hhjld  f  dl  pi  hh 

gdl  hg  mbh  fly}  h 

m     11       f  1  g  d       II       11  pi      d      d  b       h  1 

f    las       >  II        I  II    d      h     m      Ik  p        bl  g  d 

ry     I    h        I        dlbjly         f  til        hf  1  f 

1 

Th     b  h  f    hi      ph  II  1  d     f      1      1        p       p]    m  1 

p  I         i  1  gh  11  h       Id  d     m       1    f  p  b 

Ilk  dmdfi  dfhf  fhmllas        hf 

J      p       bl 

Th        1  d  m     Ite    f  and   h  ga      d  b  dy     h   h  p        d 

bq  lply>lhinlur  h  ybl 

P  llhhp  hmlldff  pp  Ibyl         Ifd 

g  1  p         d  bj  1  f  I  !  g  Hid 

y     11   d     h     f  f      d  h  b 

dyh         Itn  f  1  hlhb  mbhid 

gh  Ihkl  Tk  f  Idh 

!  lb  d  1         h       h  ha       k      p!  11 

bip  hh  If  1  h  dgy 

11  Th       f  mj  k  !  f      11  1  b  h    d     I 

high  Ifr  dbbym  id 

pota  hi  dg  kl  fl  mbldlihpl 

pprtfhlllhh  b  hLb  )Ih 

m  graf  hi  hdkl  g  llld 

1     h       h  1        h      b  d  b       I  ml 

Fmi^ldlkl  1  fh  g  Id 

m  bbdhl  fpf  b  Thpp 

fh  kl  h        hh  Itehhmbhdf  I  fl 

till  py  lly   h       m    p  1  d       d       h   h    sam     f 


vGooqIc 


666  MOLECULAR    FORCES    IN    THE   PLANT. 

as  before  it  ih  tl  erefore  prcbabie  tint  the  extracted  ubstanoe  laj  pr  \ioush 
between  these  micelte  Mithout  being  contained  in  them  Tlis  view  is  also  more  or 
less  probable  in  the  case  of  thlorophyll  gnnules  and  i  rolopla'ini  in  the  former  the 
fundamental  protoplaimic  subst'ince  remains  behind  as  a  ^ery  sold  skeleton  when 
the  green  colouring  m'ltter  is  extracted  bj  ether  alcohol  oil.  &.<.  ^  erj  different 
substances  are  certamK  ccmbined  in  the  protoplasm  ind  ^\hen  a  naked  jrimordia! 
cell  secretes  a  cell  wall  it  ma\  be  assumed  that  the  micellfe  which  form  the  eel!  wall 
were  pre\iouslj  d  sCributed  between  those  of  the  protoplasm  and  onh  change  their 
position  and  their  chemical  niture  when  they  are  secreted  m  the  f  rmition  of  the 
cell  w air  the  protopla  m  which  remains  behind  reUinmg  essenliall}  its  ong  nal 
properties  The  sirae  is  the  case  when  grains  of  staich  or  chiorophjU  granules 
are  formed  in  the  protoplism  A  fundamental  substance  is  clearly  present  in  the 
protoplasm  which  always  retains  the  Cisential  properties  of  protoplasm ;  but  various 
other  substances  penetrate  between  its  micella  which  are  afterwards  excreted.  This 
is  especially  observable  m  the  formation  of  zygospores  and  swarmspores 

The  nutrition  and  growth  of  organised  structures  takes  place  as  has  already 
been  shown  m  Book  I  by  intussusception  the  nutrient  solution  penetrates  between 
the  miceilie  already  in  existence  ind  either  occasions  b\  apposition  an  enkige- 
ment  of  the  ndividual  mit.ell'e,  or  new  micella  of  small  size  are  produced  in  the 
spaces  filled  with  water  which  then  ncreise  bj  the  apposit  on  of  new  matter  or  the 
increase  lakes  place  in  bDth  wvjs  at  different  points  The  increase  in  surface  of  the 
cell  wall  starch  grain  &c  is  llierefoie  brought  about  h\  the  micell'«  being  forced 
apart  from  within  Connected  with  the  growth  of  the  micellae  already  m  existence 
and  with  the  formaUon  of  new  ones  I'i  i  continual  disturbance  of  the  osmetic  equi 
librium  between  the  sur  ounding  fluid  (the  cell  sap  in  the  widest  sense  of  the  term, 
see  p  62)  and  that  within  the  body  which  has  the  effect  of  constantl)  drawing  fresh 
particles  from  the  surrounding  fluid  to  the  interior  of  the  body  which  is  undergoing 
augmentation 

Chemical  processes  in  the  interior  of  the  growing  body  are  also  always  con- 
nected with  these  processes  of  growth  The  nutrient  fluid  wh  ch  penetrates  from 
without  contains  in  fict  the  material  for  the  formation  of  m  cellfe  of  a  definite 
chemical  natiu-e  but  this  maternl  is  chemically  different  from  the  micell*  which 
it  produces  Thus  stwch  grans  are  nourished  by  a  fluid  which  clearly  does  not 
contan  an*  starch  in  solution  and  igain  the  cell  wall  grows  b)  the  absorption  of 
substances  out  of  the  protoplasm  which  are  njt  d  ssohed  cellulose  The  colouring 
matter  of  the  chlorophyll  ar  ses  m  the  interior  of  the  chlorophjU  granule ,  and  the 
substances  by  which  the  protoplasm  is  nounshed  by  intussusception  are  clearly 
only  prodticed  in  the  interior  of  the  protoplasm  as  1  shown  m  particular  by  naked 
Plasmodia  and  bj  umcelinlir  Alg'^  and  tungi  Growth  by  intussuscepnon  is 
therelore  connected  not  only  with  a  continual  disturbance  of  the  molecular  equi 
librmm  but  also  with  chemical  processes  n  the  interior  of  the  growmg  structure 
Chemical  comj  ounds  of  the  most  various  k  nds  meet  between  the  micells:  of  an 

'  [According  to  Schmili  (Sitsber.  (1,  Nicdcnlieiii.  Gcs.  f.  Kalur.  und  Heflkunde,  Bonn,  1880), 
the  cell-wall  is  formed,  at  least  in  the  cases  H-hich  he  observed,  by  Ihe  actual  conversion  of  a 
peripheral  layer  of  protoplasm  into  cellulose.] 
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organised  body,  so  that  they  act  upon  and  decompose  one  another  It  is  certain 
that  ali  growth  continue*  on\j  so  long  as  the  growing  parts  of  the  cell  are  expobcd 
to  atmcphenc  air  the  o^jgen  of  the  air  has  an  oifidisinc;  effect  on  the  chemical 
compound'!  contained  in  the  organised  structure,  with  eierj  act  of  growth  carbon 
dio\ide  IS  produced  and  evobed  The  equilibrium  ot  the  chemical  furtes  is  ilso 
continually  disturbed  bj  the  necessar)  production  of  heat  and  this  ma\  al'io  be 
accompanied  by  electrical  iction  The  movements  of  the  atoms  and  molecules 
within  a  growing  organised  body  represent  a  definite  amount  of  work,  and  the  equi- 
valent forces  are  set  free  by  chemical  chinges  The  essence  of  organisition  and 
of  life  Les  in  this  — thit  organised  structures  are  cipable  of  a  constant  internal 
change,  and  that,  as  long  as  they  are  m  contact  with  water  and  with  oxjgenated 
air,  only  a  portion  of  their  forces  remains  in  equilibrium  even  in  their  interior,  and 
determines  the  form  or  framework  of  the  whole,  while  new  forces  are  constantI> 
being  set  free  bj  chemicil  changes  between  and  in  the  molecules,  which  forces  in 
their  turn  occasion  further  changes  This  depends  esfentiallv  on  the  peculiant)  of 
micellar  structure,  which  permits  dissolved  and  gaseous  (absorbed)  substances  to 
penetrate  from  without  into  every  point  of  the  interior,  md  to  be  again  conve3ed 
outwards 

This  internal  instabilitj  attains  its  highest  degree  in  chloroph}ll  granules  and  pro 
toplasm  In  the  former  chemical  processes  take  place  with  great  energy  and  activitj 
under  the  influence  of  light,  such  as  the  formation  of  the  green  colouring  matter  and 
of  starch,  and  when  deprived  of  light  other  chemicil  changes  a"^  once  ensue,  which 
terminate  only  with  the  complete  destruction  of  the  entire  chlorophjU  granule  The 
remarkable  properties  of  protoplasm  which  we  hive  already  exammed  from  different 
sides  m  discussing  the  structure  of  the  cell  attain  their  chmax  m  its  spontaneous 
automatic  power  of  motion,  ind  in  its  capacitj  of  assuming  different  forms  and 
changing  both  its  shape  ind  its  internal  stale,  ind  therefore  of  bringing  into  action 
internal  forces  even  when  corresponding  impulses  from  without  cinnot  be  observed 
It  is  impossible  to  enter  here  in  detail  into  the  explanation  of  these  remarkable  facts 
but  they  will  be  understood,  it  least  generally  and  to  a  certain  extent,  if  it  is  borne 
m  mind  that  neither  the  chemical  nor  the  molecular  forces  are  ever  in  eqmlibrium  in 
the  protoplasm,  that  the  most  vinous  elementarj  substances  are  present  m  it  in  the 
most  \arious  combinations,  that  fresh  impulses  to  the  disturbance  of  the  internal 
equilibrium  are  constantlj  being  given  by  the  chemical  action  of  the  oxygen  of  the 
air ,  and  that  energj  is  continuallj  being  set  free  at  the  expense  of  the  substince  of 
the  protoplasm  itself,  which  must  lead  to  the  most  complex  actions  in  a  substance  of 
so  complicated  a  structure  Every  impulse  from  without,  even  when  imperceptible, 
must  call  forth  a  complicated  phy  of  internal  movements  of  which  we  are  ible  to 
perceive  only  the  ultimate  eifect  in  an  external  change  of  form 

The  destruction  of  the  micellar  structure  of  organised  bodies  mav  taLe  phce  iii 
many  different  ways,  and  affords  an  insight  into  many  physiologiLal  processes 

The  most  importint  forces  b)  which  the  micellar  condition  of  organic  substances 
IS  permanently  altered  ire  changes  in  temperature,  ehemicdl  reagents,  ind  substances 
which  have  a  powertul  attnction  tor  water  But  the^e  agencies  do  not  in  genenl 
cause  destruction  until  they  haie  exceeded  a  dehnite  degiec  of  inten'iity  whle  dif 
fcrent  cbaiigci  of   temperature  and  different  'States  of  concentration  of  the   reagents 


vGooqIc 


MOLECULAR   FORCES   W   THE  PLANT. 


not  unfrequently  give  rise  to  phenomena  differing  not  only  in  degree  but  even  in  kind. 
The  effect  of  most  external  influences  depends  moreover  to  a  great  extent  on  the 
chemical  nature  of  the  substance  which  forms  the  material  and  micellar  framework  of 
an  organised  hody.  Cell-walls '  and  starch-grains  for  instance  differ  from  crystalloids, 
chlorophyll-granules,  and  protoplasm,  since  the  former  consist  mainly  of  carbo-hydrates 
insoluble  in  water,  the  latter  chiefly  of  albuminoids. 

The  following  are  some  of  the  more  obvious  phenomena  selected  from  the  great 
mass  of  existing  observations,  which  are,  however,  still  incomplete. 

(a)  Temferature  does  not  usually  cause  any  striking 
or  permanent  change  or  destruction  of  organisation  till 
it  exceeds  50°,  or  sometimes  even  60°  C,  even  when 
the  substance  affected  is  completely  saturated  with 
water.  Air-dry  organised  bodies  can  generally  bear 
much  higher  temperatures  without  injury.  Thus,  for 
example,  the  denser  portions  of  a  starch-grain  which 
is  saturated  with  water  are  not  converted  into  paste 
below  65°  C,  while  the  more  watery  portions  undergo 
this  change  at  55°  C.  (Nageli),  the  capacity  for  absorb- 
ing water  and  in  consequence  the  volume  then  in- 
creasing enormously.  Payen  gives  the  increase  in 
volume  of  starch  in  water  at  60°  C.  as  142  p.  c,  at  70° 
to  72°  C.  as  1255  p.  c,  the  starch  originally  containing, 
according  to  Nageli,  only  from  40  to  70  p.  c.  water. 
A  d  y  tarch  must  be  heated  to  nearly  200°  C.  before 
t   p  of  absorbing  water  materially  increases;  but 

t       th       changed  chemically  and  converted  into  dex- 
t  The   corresponding  action   of  temperature  on 
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'  The  cell-wall  I  suppose  here  and 
converted  into  mucilage. 

'  See  Sachs,  Haiiilbucli  'ler  Experlme 
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a  violent  swelling  takes  place  in  cellulose  and  starch -grains,  and  they  pass  into  a  pasty 
stale.  Protoplasmic  substances,  on  the  contrary,  coagulate,  as  they  do  under  the  in- 
fluence of  higher  temperatures.  Concentrated  sulphuric  acid  finally  completely  destroys 
the  micellar  structure  of  both  with  a  smaller  or  larger  amount  of  clieraieal  change,  and 
they  deliquesce. 

(c)  Solution  of  Potash  acts  on  starch-grains  like  sulphuric  acid,  especially  in  causing 
them  to  swell  up.  Its  action  on  protoplasmic  substances  is  on  the  other  hand  very 
different  from  that  of  acids ;  if  the  solution  is  dilute  they  swell  up  strongly  or  deliquesce, 
and  this  is  especially  the  case  with  protoplasm  and  the  nucleus  of  very  young  cells  (the 
nuclei  of  older  cells  often  resist  the  action  strongly).  But  in  a  highly  concentrated 
solution  of  potash  protoplasmic  structures  often  retain  their  form  and  apparentl)'  their 
structure ;  they  neither  coagulate  nor  deliquesce.  The  fundamental  destruction  of  their 
micellar  structure  which  has  nevertheless  taken  place  Is  evident  from  the  fact  that  they 
immediately  deliquesce  if  water  is  added  copiously. 

(</)  Mechanical  Infiitences.  Organised  structures  bear  without  injury  mechanical  forces 
such  as  pressure,  impact,  or  slight  traction ;  they  are  either  sufficiently  elastic,  like  starch- 
grains  and  cell-walls,  again  to  bring  into  equilibrium  the  changes  which  are  thus  caused 
in  their  internal  tension  and  external  form  ;  or  they  are  inelastic  like  protoplasm  and 
chlorophyll -granules,  and  can  then  equalise  small  passive  changes  of  form  in  another  way. 


But  stronger  forces  <: 
Th    m 

h  b)   tr  fc 

t  1     p     t  p! 


ftl 


;  disrupt! 


rs    iHyd     h 

P 

fl    g     pi 

p      1>   m     h 

pi  h  d 

II        th  h 

I 


of  the 
tdp    t 
h  gr  d 

P         d  p    t 
11        d  h 
f  pi 


licellae  which  cannot  be  again  effaced 
,yh 


tUb    pert     tly      t 
til 


1 
tdpr 


Th 

fth    p  1) 

P  f     d  p 

d  t    h  d  h  I 

t  d  b)        It 

f  p    t  pi    mm 

f     >g    po  es    th 

pi  t     desl 
by       rapl  t 
1     th 
f  th  II 


D 


esp 

t     b 

k  hi 

m  t 

If 

3    b 

I     g  p  t  pi 

d  ng  sol  t 


t  th    d      Id 


t  h      b        k  II  d  by  h 


t        th  t  th    d     d  p    t  pi    ; 


vGooqIc 


permeal 

1    1    h  th          li  t 

living  a 

d   E           g       11           1 

become 

p               Th         w  )l 

above  5 

C         h  >   th         II 

not  do 

h       1       g 

(/) 

Th     t             t           f  th 

ised  bod            d    g        by  li    t 

up  stro 

glj  b>  t      tm    t      th 

destruct 

t  th        J  t  11       in 

view  is 

pp  It    i  by     f      ft 

MOLECULAR   FORCES  IN   THE   PLANT. 


)         Ij     t   t     h  gh  I 


1        d        t 

ts  t    dff 

t      h 

I 

5          6     C 

h      th 

y 

d 

Ik  1 

d      d  h> 

N 

gl    t 

11 

I     tl       as 

ft      hg 

1      1 

h 

h  h        1  th    t 
f    b     b    g 

t  b 
t           d 

pi 

d 

h 

dh 

mb       f  p    t 

1        h    h    tt 

t 

t 

ksi 

tiuction  of  the 

raiceUse,  and  thi. 

must 

h 

p    pot         f 

t          d 

po  d 

rthy  th  t  th    d 

ly          f 

hg 

explain  d        th    h)p  thes     th  t  th 
and  their  size  diminished  by  the  desti 


t    y  I      rs     B  t  th    d  I  y       p    b  blj  t     f  1    ge   th    I       d 

1  J  f        II  11      th        pi      t  >    1  th    t    t  th  t  th    1    t     m     1) 

f  th     d  b  t  b    k         p      t  b        t         11  m     II  d  th 

b  I      t     th  f  th     1  ss  d  b  t  Th  pi       t        m  y  b 

g  f  th    f    t  tl   t     h      th        g     sed    tru  t  h    j,  d  b)      d    g     g    t      g 

llgthplppl        fthdill         1  dghgthp 

t  pi        d  1  ght  d     ppea     g    It  g  th        Th  Iso       pi        If 

pp       tl   t      d      th        t         f  th         g    t    th    m     lliE     h   h  p     I        th      pt     1 

fr    1 1  se  th       f    m       d  th  t  t!        t    gm     t  g  1    ly     t  d 

H      f     tl  w  b     pp!   d    I     t    p    t  plasm      t      t  d  th  g 

lation  remains  at  present  uncertain. 

(g)  The  disorganisation  of  the  micellar  structure  of  organised  bodies  may  tate  place 
gradually;  and  when  it  has  exceeded  a  certain  limit,  a  new  substance  is  produced  from 
the  originally  organised  material,  the  molecular  condition  of  which  has,  since  the  time 
of  Graham,  been  termed  colloidal.  From  the  similarity  which,  according  to  Nageil  and 
Schwendener,  exists  between  organised  and  crystalline  bodies,  it  is  not  surprising  that 
there  are  also  mineral  substances  which,  like  silica,  are  usually  crystalline,  but  become 
under  certain  circumstances  colloidal  '■  Organised  bodies  absorb  water  and  other  fluids, 
increasing  at  the  same  time  in  volume  up  to  a  certain  maximum  at  which  they  are 
saturated  ;  crystalline  bodies  dissolve  in  a  definite  minimum  of  water  and  produce  a 
saturated  solution  which  can  be  diluted  ad  libitum.  Colloidal  bodies  show  in  this  respect 
intermediate  properties;  they  can  fae  mixed  with  water  in  all  proportions  without  any 
minimum  or  maximum.  Solvents  cause  in  organised  and  crystalline  bodies  a  sudden 
passage  from  the  solid  to  the  fluid  condition.  Colloidal  bodies  pass  from  the  solid  to 
the  fluid  condition,  when  they  are  soluble,  through  all  stages  of  softening ;  in  a  certain 
state  when  they  contain  but  little  water  they  are  hard,  then  tenacious,  then  viscous  and 
scarcely  fluid,  finally  when  mixed  with  abundance  of  water  perfectly  fluid.  Even  in 
the  fluid  state  they  may  be  mucilaginous,  adhering  strongly  to  organised,  less  strongly  to 
crystalline  substances;  and  even  when  greatly  diluted  they  diffuse  very  slowly,  and  some 
of  them  appear  unable  to  penetrate  organic  membranes  such  as  cell-walls.  On  drying 
they  afford  a  homogeneous  substance  which  differs  greatly  in  its  capacity  for  swelling  and 
in  its  optical  properties  from  crystals  and  from  oi^anised  bodies.  In  contradistinction  to 
these  latter,  colloidal  bodies  may  be  considered  amorphous  internally  as  well  as  externally. 
Colloidal  bodies  occur  abundantly  in  plants  as  products  of  the  decomposition  of  organised 
bodies,  and  under  certain  circumstances  they  supply  material  for  the  production  of  new 
organised  bodies.     Thus  gum-bassoiin  and  perhaps   also   gum-arabic,   as  well   as  the 

'  See.  among  other  an Iho lilies,  Grahnm,  Phil.  Trans.  iB53 :  Jourii.  Chem.  Soc.  1B62. 
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mucilage  of  quince  and  linseed,  result  from  the  decomposition  of  cell-walls;  perhaps  also 
the  formation  of  the  substance  of  the  cuticle  must  be  included  in  this  category,  Viscin 
is  the  product  of  decomposed  cellulose ;  the  origin  of  colloidal  pectin  and  caoutchouc  is 
still  unknown ;  but  none  of  these  substances  are  of  any  further  use  to  the  plant, 

(6)  Traube'j  Art^icial  Cells '.  Among  the  tnost  Important  of  the  phenomena  belonging 
to  the  growth  of  the  plant  are  those  connected  with  the  cell-wall ;  and  everything 
which  contributes  to  a  more  exact  knowledge  of  its  development  must  always  be 
welcome.  The  researches  of  Traube,  of  which  an  abstract  is  here  given,  are  of  great 
interest  from  this  point  of  view ;  even  though  it  may  not  always  be  possible  to  transfer 
all  the  properties  of  his  artificial  cells  to  the  real  plant. 

Starting  from  Graham's  observation  that  dissolved  colloids  cannot  diffuse  through 
colloidal  membranes,  and  from  the  empirical  fact  that  precipitates  of  colloidal  substances 
are  usually  themselves  colloidal,  Traube  found  that  a  drop  of  a  colloid  A  placed  in  a 
solution  of  a  colloid  B  must  become  surrounded  by  a  pellicle.  If  A  is  also  more  con- 
centrated (or  rather  if  its  attraction  for  water  is  greater)  the  cell  must  become  turgid, 
i.f.  the  precipitated  pellicle  must  become  stretched  by  the  additional  water  that  is 
absorbed;  and  the  micellae  of  the  pellicle  thus  become  separated  to  such  an  extent 
that  a  fresh  precipitate  takes  place  between  them  which  occasions  increase  in  the 
superficies  of  the  pellicle.  For  a  more  exact  study  Traube  chiefly  employed  cells  the 
pellicle  of  which  consisted  of  a  precipitate  of  gelatine  tannate.  For  this  purpose  the 
tendency  of  the  gelatine  to  coagulate  was  destroyed  by  boiling  for  thirty-six  hours. 
A  large  drop  of  this  so-called  S  gelatine  of  the  consistency  of  syrup  was  taken  up  by  a 
glass  rod,  allowed  to  dry  for  some  hours  in  the  ^r,  and  then  plunged  into  a  flask  half 
filled  with  a  solution  of  tannic  acid,  into  the  cork  of  which  the  rod  was  fixed.  The 
portion  of  gelatine  which  undergoes  solution  on  the  outside  of  the  drop  immediately 
forms  a  completely  closed  pellicle  with  the  surrounding  solution  of  tannin ;  and  the 
water  which  penetrates  through  it  constantly  dissolves  the  gelatine  within.  In  a  dilute 
solution  of  tannin  of  o-8  to  fS  p,c.  a  tense  pellicle  which  is  not  iridescent  and  is  there- 
fore thick  is  formed ;  in  a  concentrated  solution  of  from  j's  to  6  p.c,  (in  which  therefore 
there  is  a  smaller  difference  between  the  concentration  of  the  two  fluids)  a  thin  flaccid 
iridescent  pellicle  is  formed '.  Traube  found  that  the  ceils  which  are  at  first  thick-walled 
go  through  various  stages  of  development;  they  remain  spherical  so  long  as  the  nucleus 
of  gelatine  is  not  completely  dissolved ;  a  turbidity  then  sets  in  from  atwve  downwards 
owing  to  the  solution  of  a  part  of  the  pellicle  in  the  solution  of  gelatine  which  is  more 
dilute  in  its  upper  part ;  the  pellicle  at  the  same  time  begms  to  collapse  and  to  become 
iridescent ;  and  finally  the  contents  become  clear  and  tension  is  igiin  set  up  After 
the  lapse  of  some  weeks  the  cell  still  allows  gelatme  to  escape  when  tern  1  he  greiter 
the  difference  in  the  concentration  of  the  two  fluids  the  hrmer  and  more  tense  is  the 
pellicle;  i.e.  the  greater  the  intensity  ot  the  endosmotic  attraction  the  greater  is  the 
number  of  layers  of  atoms  which  coigulate  so  ai  to  produce  the  pellicle,  and  therefore 
the  thicker  it  is. 

With  reference  to  the  properties  of  the  pellicle,  Traube  shows  that  all  pellicles 
hitherto  employed  in  experiments  on  diffusion  have  perforations',  while  the  precipitated 


'  Traube,  Experimente  zur  Theorie  der  Zellbildung  u.  Endosmose,  in  Arch,  fiir  Anat,,  Pliys., 
u,  wissensch.  Medicin,  von  Rdchert  u.  Du  Bois.  i86j,  p.  87  st  seq.:  [also  Pfeffer,  Osmot.  Unters.] 

"  Only  pelhcles  of  gelatine  behave  in  this  way ;  all  others  are  iridescent  when  tense. 

'  It  is  easy  to  convince  oneself  of  the  presence  of  actual  perforations  in  pig-bladder,  ox-bladder, 
Ihe  pericardiuni,  amnion,  collodion-membrane,  or  parchment,  with  which  experiments  on  diffusion 
have  hitherto  usually  been  made,  by  stretching  them  over  a  wide  glass  tube,  pouring  in  a  column  of 
water  from  20  to  40  cm.  high,  and  repeatedly  dryuig  Ihe  free  surface  of  the  membrane  with  filtering 
paper.  Water  is  then  almost  always  seen  to  ooze  out  at  particular  spots ;  a  piece  of  membrane 
a  or  3  cm.  square  is  seldom  watei-tighL  The  perforations  are  still  more  evident  if  the  tube  is  filled 
with  a  concentrated  solution  of  common  salt  and  the  membrane  dipped  in  water.     Instead  of  a 
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pellicles  have  only  miceilar  interstices;  and  indeed  these  latter  are,  according  to 
hinij  smaller  than  the  molecules  of  the  precipitate  of  which  the  pellicle  is  composed. 
But  in  spite  of  the  greater  density,  the  endosmose  is  quieter  than  with  all  other 
membranes,  because  they  are  thinner.  The  pellicle  becomes  firmer  (stiffer!)  when  lead 
acetate  or  copper  sulphate  is  added  to  the  0  gelatine.  As  soon  as  the  miceilic  of  the 
stretched  pellicle  have  become  so  far  separated  by  the  pressure  of  the  cell-contents 
which  have  increased  in  quantity  by  the  action  of  endosmose  that  their  interstices  allow 
the  passage  of  the  two  substances  from  which  the  pellicle  is  formed,  these  substances 
must  obviously  again  at  once  mutually  react  upon  one  another  at  those  points,  and  must 
cause  the  production  of  new  micellae  of  pellicle,  which  are  deposited  between  those 
already  in  existence.  Growth  therefore  takes  place  by  intussusception,  and  is  caused  by 
the  stretching  of  the  pellicle,  which  stretching  is  on  its  part  occasioned  by  endosmose. 
That  the  growlh  takes  place  not  only  by  stretching  but  also  by  deposition  Traube 
proved  by  replacing  the  tannic  acid  by  water.  As  soon  as  this  was  done  {i.e.  as  soon 
as  the  formation  of  new  molecules  of  the  precipitate  in  the  pellicle  was  pi-evented,  the 
endosmose  still  continuing)  the  growth  ceased. 

As  long  as  the  concentration  of  the  contents  of  the  artificial  cell  is  everywhere  the 
same,  the  pellicle  rernains  everywhere  equally  thick,  and  the  cell  retains  its  spherical 
form.  But  when  the  contents  become  diluted,  a  denser  solution  is  formed  in  the  lower 
part  of  the  cell,  a  more  watery  solution  in  the  upper  part.  The  pellicle  becomes 
in  consequence  thinner  above,  because  the  difference  of  concentration  is  smaller  there, 
and  therefore  more  extensible ;  hence  the  pellicle  becomes  more  strongly  stretched  above 
and  increases  more  rapidly  in  superficies,  and  protuberances  directed  outwards  are  not 
unfrequently  formed.  This  may  be  expressed  shortly  by  saying  that  endosmose  takes 
place  principally  in  the  lower  part  of  the  cell,  growth  in  the  upper  part.  The  difference 
however  in  the  concentration  in  the  interior  of  the  cell  which  causes  this  is  the  con- 
sequence of  the  water  which  penetrates  by  endosmose  not  mixing  at  once  uniformly 
ivith  all  parts  of  the  interior  solution,  so  that  layers  of  dilFerent  specific  gravity  lie 
one  over  another. 

Further  experiments  showed  that  growing  pellicle-precipitates  having  the  foim  of 
cell-walls  are  produced  also  by  mixing  colloids  with  crystalloids';  e.g-  tannic  acid  with 
copper  and  lead  acetates,  gelatinous  silica  with  the  same  substances  or  with  copper 
chloride,  or  finally  crystalloids  with  one  another,  as  potassium  ferro-cyanide  with  copper 
acetate  or  chloride.  Traube  came  to  the  conclusion  that  every  precipitate  the  inter- 
stices of  which  are  smaller  than  the  molecules  of  its  components  must  assume  the  foi-m  of 
a  pellicle  when  the  solutions  of  its  components  come  into  contact  with  one  another. 
Since  the  pellicle-precipitates,  as  has  already  been  mentioned,  contain  micellar  interstices 
but  no  perforations,  they  are  peculiarly  well  adapted  for  the  study  of  endosmotic  pro- 
cesses. They  behave  in  this  respect  very  differently  from  other  membranes,  being 
themselves  often  perfectly  impermeable  to  the  most  diffusible  substances,  but  allowing 
other  chemical  compounds  to  pass  through  them  ■  and  every  kind  of  pellicle  has  in  this 
respect  its  own  peculiar    es         d  pe  d  h  th  pellicle-precipitate 

is  impermeable  to  the  fid         mhh  oddb;!:)  gelatine  tannate  is, 

■,  impermeable  P  P  ^     but  permeable  to 

1  chloride,  ba  ra  Th     p  pper  ferro-cyanide 

which  is  formed  round  p  dp  -cyanide  is  imper- 

meable to  barium  chlor  d  h  p  h  imonium  sulphate, 

difTusion-current  equal  over  ce  mm  ads  of  Ihe  solution  of 

sslt  are  seen  to  sink  ilown  T    se      pe   m  w  h  tie  dependence  is  (o 

be  placed  on  the  researches  hitherto  maiie  un  diffusion  wilh  mtmbranes. 

'  [The  term  '  crystalloid '  is  here  used  in  the  sense  in  which  it  was  first  employed  by  Graham, 
to  indicate  those  substances — as  opposed  to  'colloids' — which  may  be  susceptible  of  crystallisation, 
and  which  are  endowed  wilh  the  power  of  diffusion  through  a  porous  septum.] 
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or  barium  nitrate,  but  permeable  to  potassium  chloride  or  water.  Traube  considers 
that  in  the  permeability  of  the  pellicle-precipitates  we  have  a  means  of  determining  the 
relative  size  of  the  molecules  of  different  solutions,  since  only  those  molecules  can  pass 
through  the  pellicle  which  are  smaller  than  its  micellar  interstices  and  therefore  smaller 
than  the  molecules  of  the  solutions  which  produce  it. 

If  a  small  quantity  of  ammonium  sulphate  is  added  to  a  solution  of  |3  gelatine,  and  a 
small  quantity  of  barium  chloride  to  one  of  tannic  acid,  and  the  two  mixtures  thus 
obtained  are  themselves  mixed,  a  pellicle  is  formed  of  gelatine  tannate,  and  in  it  a 
precipitate  of  barium  sulphate  which  diminishes  the  si«e  of  the  interstices;  the  two 
solutions  which  cause  the  deposit  can  no  longer  diffuse-  but  the  incrusted  pellicle  is  still 
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circumstances.  Some  have  very  thin  pellicles,  are  roundish,  and  exhibit  a  slight  tendency 
to  grow  upwards;  they  usually  form  a  number  of  small  wart-like  outgrowths  and  attain 
very  considerable  dimensions  {from  1  to  2  cm,  in  diameter) ;  they  appear  to  be  formed 
chiefly  by  the  solution  of  large  pieces  of  the  copper  chloride  Others  have  thick  reddish 
brown  pellicles,  grow  quietly  upwards  in  the  torm  of  irreguhr  eylmders  rirelj  branch 
and  attain  a  diameter  of  from  z  to  4  mm  and  often  a  heigh*"  of  several  ce  itimetres 
Combinations  of  the  two  forms  also  occur  which  somet  n  es  term  a  kind  of  horizontal 
tuberous  rhizome-lite  structure  from  which  long  stalk  1  ke  oitgrowths  arise  upwards 
and  root-like  protuberances  downwards. 

It  is  impossible,  in  the  space  at  our  d  apo'wl  here  to  give  a  deta  led  description 
of  these  phenomena;  one  only  may  be  specially  n  entioned  — that  these  pellicles  (f 
copper  ferrocyanide  do  not  grow,  as  Traube  supposes,  by  intussusception  but  in  quite 
a  different  way  (by  eruption).  When  a  brown  pellicle  has  been  formed  rcund  the  green 
drops,  water  penetrates  quickly  from  withoi  t  through  it  to  the  copper  chloride 
the  pellicle  becomes  rapidly  stretched,  and,  as  may  be  clearly  seen,  at  length  ruptured. 
The  green  solution  immediately  escapes  through  the  fissure,  but  becomes  at  once  coated 
with  a  pellicular  precipitate  which  appears  either  as  an  intercalated  piece  of  the  previous 
one,  or  as  an  excrescence  or  branch  of  it,  a  process  which  is  repeated  as  long  as  any 
copper  chloride  remains  inside  the  cell.  We  cannot  therefore  In  this  case  conclude 
that  deposition  of  fresh  micelte  of  the  pellicle  tates  place  between  those  already  In 
existence.  These  cells  cannot,  so  to  speak,  be  injured;  if  they  are  pricked,  then  at 
the  moment  when  the  point  which  pricks  them  is  withdrawn  an  outgrowth  follows 
immediately,  which  is  easily  to  be  explained  from  what  has  been  said.  In  conse- 
quence of  the  rapid  flowing  in  of  water  through  the  perforation,  the  dissolved  or  the 
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from  without  and  of  those  which  make  use  of  it. 

In  plants  which  grow  under  water  or  beneath  the  ground  where  no  loss  of 
water  takes  place  or  only  to  a  very  considerable  extent,  there  is  no  need  for 
these  processes.  The  case  is  nearly  the  same  also  with  some  land-plants  which 
are  almost  completely  protected  by  a  peculiar  organisation  from  loss  of  water  by 
evaporation  (transpiration)  when  it  has  once  been  absorbed,  as  the  Caclus-Iike 
Euphorbias,  Stapelias,  Ac,  which  are  by  this  means  enabled  to  live  in  the  most 
arid  localities.     But  the   great  majority  of  plants  have  foliage  with   a  very  large 

'  See  Sachs,  Handbnch  der  Experimental-Physiologie,  the  section  on  the  movemenl  of  water. 
p.  196,  where  the  literature  up  to  1865  is  mentioned  i  the  most  important  of  the  more  recent 
pubHcations  are  quoled  in  the  sequel. 
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gescent.  Since  transpiration  is  accelerated  by  a  bigh  temperature  of  the  air,  by  its 
dryness,  and  above  all  by  sunshine,  and  as  these  conditions  are  constantly  changing, 
the  rapidity  of  the  current  of  water  is  also  subject  to  continual  change. 

The  current  of  water  occasioned  by  transpiration  has,  as  will  be  seen,  no 
immediate  connection  with  the  processes  of  growth  and  nutrition ;  the  Horse- 
Oiestnut  and  other  trees  and  shrubs  which  put  out  in  spring  only  a  definite  number 
of  leaves,  and  during  the  summer  do  not  any  fujther  increase  their  foliage,  transpire 
the  most  rapidly  during  this  time;  and  at  this  time  also  the  current  of  water  is 
most  considerable  in  them.  In  winter  both  growth  and  transpiration,  and  with  the 
latter  the  amount  of  water  also  in  the  tissues,  remain  stationary;  when  the  buds  are 
put  out,  the  water  is  first  of  all  only  set  :n  motion  to  the  extent  required  by  the 
increase  of  the  growing  organs;  but  as  the  development  of  the  organs  increases  their 
surface,  the  amount  of  evaporation  again  rises,  and  the  current  begins  afresh. 

While  the  movement  of  water  required  for  purposes  of  growth  and  nutrition 
must  take  place  in  the  most  different  forms  of  tissue^in  the  parenchyma  and  even  in 
the  primary  meristem  of  buds  and  of  the  apices  of  roots — it  is  nevertheless  certain 
that  the  current  of  water  caused  by  transpiration  passes  exclusively  through  the  woody 
portion  of  the  (ibro -vascular  bundles ;  all  the  rest  of  the  tissue  may  be  destroyed 
at  any  place  without  the  current  of  water  ceasing,  if  only  the  wood  remains  entire. 
In  Conifers  and  Dicot}'ledons  which  have  a  compact  wood,  one  main  current  passes 
through  the  root  and  stem,  dividing  in  the  branches  and  leaves  into  constantly 
narrower  channels ;  while  in  Ferns  and  Monocoh'ledons  the  current  of  water 
passes,  even  in  the  primary  stem,  through  isolated  narrower  channels  corresponding 
to  the  course  of  the  isolated  woody  bundles.  That  the  lignified  elements  of  the 
xylem  of  the  fibro- vascular  bundles  determine  the  channel  of  the  current,  is  seen 
not  only  from  direct  observation,  but  also  from  the  fact  that  the  formation  of 
wood  is  the  more  considerable,  the  greater  the  evaporation  and  the  stronger 
the  current  of  water  in  a  plant.  In  submerged  and  underground  parts  of 
plants  from  which  no  transpiration  takes  place  the  xylem  remains  entirely  or 
nearly  unlignified;  in  Dicotyledons  and  Conifers,  where  the  transpiring  surface 
increases  with  age,the  channel  taken  by  the  current  is  also  annually  widened  by 
the   increase  of  the  wood.     The  crown  of  leaves  of  Palm-trees  remains  after  a 
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ceilain  time  of  neirl)  the  same  size,  and  the  item  ind  the  chinneh  of  the 
current  (woodj  bundlei)  which  traverse  it  consequcnth  retain  their  diameter 
unchanged 

The  mo\tments  of  «ater  ciusei  bj  growth  as  well  as  those  induced  by 
evaporation  have  this  in  common,  that  their  direction  is  towards  the  places  where 
the;  ire  required  If  growth  or  trinspiration  begins  at  a  certim  time  at  a 
definite  spot  the  nearest  portions  of  the  tissue  give  up  their  water  first  of  all, 
then  the  more  distint  ones,  the  organs  at  the  greatest  distance  generalh  the 
rotts,  ibborbing  water  from  without  The  movement  therefore  propagates  itself 
contmuilly  further  and  further  from  the  point  to  which 
It  tends,  and  finally  over  the  whole  plant  to  the  loot 
The  kind  of  motion  miy  therefore — without  consider 
ing  for  the  moment  its  actual  causes — be  described 
a*;  a  process  of  suction  This  is  especially  evident 
in  leaf;  steins  and  branches  which,  having  been  cut 
off  and  placed  with  their  cut  surface  in  water,  suck 
up  a<i  much  water  through  their  woody  bundles  as 
is  required  for  Iranipiration  and  for  the  unfolding  of 
fresh  leaves,  unissisted  in  this  case  bj  any  pressure 
from  below 

Another  kind  of  motion  of  water  in  (he  plant, 
depending  not  on  suction  but  on  pressure  from  below, 
is  caused  by  the  roots  and  is  altogether  independent 
of  the  use  of  the  witer  for  the  purpose  of  growth  or 
of  tnnspiration  If  the  woodv  stem  of  a  land  plant 
la  cut  through  above  the  root,  the  root  being  attached 
to  the  ground  in  the  ordinary  manner,  and  if  the 
ground  is  damp  and  sufticientlj  warm  water  eludes 
from  the  transverse  section  of  the  stem  either  at  once 
or  after  some  lime,  the  current  continuing  for  di)*:, 
and  the  quantity  of  water  which  flows  out  amounting 
sometimes  to  manv  times  the  volume  of  the  root 
l'^  "iL^'loth^'^^/^ill  '^'^'^  current  of  water  which  rises  through  the  wood 
m^^J^^^  iii7™ai^'^'"'iiM  h'a"*'  ^"'^  especially  in  the  vessels,  can  only  be  induced  b) 
"■  ""«  a  pressure  existing  in  the  lower  parts  of  the  root      If 

a  manometer  of  a  proper  form  is  fi'sed  in  the  section 
(Fig  467),  It  shows  that  even  m  smaller  plants  with  but  little  wood  (as  Tobacco, 
Maize,  the  Stinging  Nettle  &.c)  the  water  which  exudes  stands  at  a  pressure 
which  holds  in  equilibrium  a  column  of  mercurv  several  centimetres  in  height, 
while  in  some  woody  plants,  as  for  instance  the  Vine,  this  pressure  may  amount 
to  76  cm    (or  one  atmospheric  pressure) 

In  manj  plants  of  small  height  this  root-pressure  is  observable  from  the  fact 
that  water  exudes  at  particular  pomts  of  the  leaves  in  the  form  of  drops,  pro- 
vided that  the  internal  supply  of  water  is  nowhere  diminished  bv  powerful  trinspira 
tion,  and  the  pressure  thus  removed  Thus  drops  of  water  appear  abundantly 
and  repeatedlj  on  the  margins  and  apices  of  the  leaves  of  man)  Grasses  (especially 
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striking  ID  the  Maize)  AroideEe  A/chemilla^  Lc  when  transfirit  on  is  dimin  shed 
by  the  absence  of  li^ht  and  the  cooling  of  the  air  and  the  actiMty  of  the  roots 
increased  by  warm  damp  ea  th  E\en  in  unicelluUr  pknts  or  those  which 
cons  St  onl}  of  rows  of  cells  as  the  Mucorini  (e  g  PiloMus  cryslallmiis)  Peni  lihum 
glau  urn  and  the  large  Fungi  (as  Mtruhus  lacrymans)  the  water  is  forced  out  n 
drops  from  the  upper  pirt  it  having  been  absorbed  by  the  lower  parts  which 
perform  the  function  of  roots  and  pre'is  it  upwards 

Fluid  however  not  unfrequendj  appears  in  drops  m  places  where  there  can 
be  no  pressure  directed  upwards  from  the  root  Thus  the  nectaries  of  flrwers 
as  those  of  FriMhri  t  impenahs  and  the  glands  in  the  pitchers  of  Nepmilui '  &c 
etude  drops  of  h^uid  even  when  the  stem  is  cut  off  from  the  root  and  me  ely 
placed  m  water  In  this  case  the  force-,  which  cause  the  pressure  mu'.t  arise  in 
the  upper  masses  of  tissue  perhaps  even  in  the  orgin  itself,  for  the  water  is 
conveyed  to  the  cut  item  not  by  pressure  but  bj  suction 

The  phenomenon  known  as  the  bleeding  of  uood  cut  m  the  winter  must  not 
be  confounded  with  this  This  bleeding  occurs  vhen  the  cut  branch  or  piece  of 
stem,  previouslj  cold  and  saturated  with  water  is  rapidly  warmed  the  air  which 
IS  enclosed  with  the  water  in  the  cells  and  vessels  of  the  wood  expands  and  forces 
the  water  out  where  it  can  find  an  opening  If  the  piece  of  wood  is  ag«n  cooled 
the  air  contracts  md  the  water  in  contact  with  the  section  is  again  sucked  m  It 
IS  evident  that  these  expansions  and  contractions  of  air  m  the  wood  must  also  take 
place  when  the  woodj  substance  of  the  tree  is  uninjured,  and  hence  currents  are  set 
up  from  the  parts  which  are  becoming  warmer  to  those  which  are  becomin^  cooler, 
and  tensions  are  brought  about  All  ihis  however  happens  onlv  so  long  \s  air  aa 
well  as  water  is  found  in  the  civities  of  the  wood  ts  is  the  case  in  the  winter 
and  «pnng  before  the  leaves  unfold  and  transpiration  begins 

Although  the  movements  of  water  in  plants  have  been  copiously  investigated  and 

discussed  for  nearly  300  years,  it  is  nevertheless  still  impossible  to  give  a  satisfactory 

and  deductive  account  of  the  mode  of  operation  of  these  movements  in  detail '.     This 

'  According  to  Ducharire,  De  la  Rue,  and  Rosanoff,  the  exudation  usually  takes  place  through 

stomata,  which   are  either  developed  in  a  peculiar  manner,  or  aie  very  large   (water-pores),   or 

possess  the   ordinary  form.      De  Bary  remarks  in   connection  with   this; — 'If  water   is   forced 

info  the  wood  of  a  branch  of  a  plant  adapted  to  the  purpose,  «.  g.  Fvchiia  giobosa,  by  the  moderate 

pressure  of  a  column  of  mercury,  drops  of  water  at  once  eiude  front  the  large  stomata '  (Bot.  Zeitg. 

J869,  No.  J2,  p.  882).     [This  subject  has  heen  further  investigated  by  Moll  (Med.  d.  k.  Akad.  v. 

W  t  XV         88       se      U    N  I  1  X\II  1880.] 

[Th     hq    d         t        d        th     p  t  h      I  k     organs  of  Sarracenia,  Nepenthes,  Cephalolus,  &c.  is 
tp  t        D\lk(A  dMgof  Nat.  Hist.  vol.  IV.  p.  128,  and  Phil.  Mag.  vol. 

XXXV  p  9  )  It  Ih  t  t  g  allj  1  and  colourless,  rarely  yellowish,  and  reddens  Ulmas. 
Thppt         fesdlft  pt       varies  from  0-27  100-92  p.  c.    TUs  residue  consists 

f  38  6     p  g  m  tt         h    fl     m  1  id  with  a  little  citric  acid,  50-02  p.  c  potassium 

hi      d      6  36  p         sod  9  p         1  m      and   a'Sp  p.  c.  magnesia.      Dr.  Buckton  (Nature,  vol. 

Ill  p  34}  f  und  th  t  tl  1  q  d  ta  ed  m  the  pitcher  like  labellum  of  Coryanthes  consists  of 
9**       p  t         dltl       Is       d4gp  due.     It  is  clear  and  somewhat 

gl  I  t  h      h  gh       f      t        pow  1062;  neutral  to  test-paper; 

po    t  t  becomes  millty    fi     lly  j    Id  ng  gum  insoluble  in  alcohol.       See 

paragraph  (c)  in  the  appendix  to  this  section.] 

'  AhhoughDr.MulIer,  in  the  second  part  of  h  B  sch  U  rsuchungen' (Heidelberg  1872), 
assumes  that  he  has  actnally  accomplished  this,        se  w  11  be  eve  it  who  are  entirely  ignorant 

of  vegetable  physiology. 
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much  appears  certain,  that  the  ultimate  force  concerned  is  diffusion  (in  the  broadest 
sense  of  the  term).  But  since  in  the  living  plant  this  force  acts  under  conditions  widely 
different  f  m  tho  e  '  operation  in  artificial  apparatus  \  e  are  compelled  on  all  essential 
points  t     d  I  t     th        t  m  1  p  es  f         th  f  1    t  dy    f 

the  ph  th     pi     t    th  m    1  O         p        w  II  h  ly  p    m  t         t 

refer  t    th  g         It  Th  It    t  th  t  g  t        h  th    t    m  3 

is  to  m     t       th    d  t     t       b  tw       th    d  ff  re  t  f       t  th    fl    d      1  th 

plant  t       h    h         h  I      dy    11  d  d        1 1  th         gh  k     wl  dg    j     t  fi  m 

other     t  rp    t  t  Wh  t  f  II  1       f      th    p    po        f      pi         g  th    ph       m 

than  of  11    trat    g  by  pi         II         I      dy  b  d 

(«)   Th      1       m  t     t       t  d  Xyhy  G        h      d  A        I 

seen  in  t      mpl    t  f  II  1     F     g       d  Algs      d        h  1    h  th        11 

are  ar      g  d  d  pi  t  1       g  t    g    p  d  p  U      g 

the-^e  c  tlgwgdas        Itgllbbth         twhhthyq  m 

medial  ly  f         th       m     t  t     Th  t  th  use  i  by  th     mb  b    g  p  w 

of  the      11       II      d    t  th    p    t  pla.  11       by      d  (       th      tt      t         f 

the  diss  I    d      b  t  th      th        II  f      w  t    )  t  Ith    gh         h  t 

yet  -ium       t  k       I  dg      f  th  t       d  h    h  th       p  oc  g  0    th 

other   hd  plthl  ttm  tt  th  gg  gprt 

withdr        I  t        f     g  tat        f    m  th      Id  t         p    t         d  th        1  tt      b       m 

in   con    q  pty    f  th  y  f     h       pply  t    m        h     t      Th 

clearly      htb         bibtnkft  hhh         b  td  tptt 

buds  d       y        d     t  ly  d  y  d  th      g    d    lly  1  se  th         t      th  j   h 

contai     d 

(b)T       p     tan  --       th         po    f  f       t      t    m       II        d  t  t         — 

produc  ddmdfidbyt       Idt       1         dt  d  A        g 

ternal       se  th  se        t  first  b        tdwhhpd  pt       t         mt       t 

such  ath        It        tpt  ddy  ftl  dtltftht        pg 

tissue  t    It      E    p      I        w  II  g  lly  aae       th     t      p      t  t  th  d    g 

air  ris  d    t    d  g  f      t       t  seq       tly  d  d  th  t  f 

purpos     b  ddtl  tdtm  fthgt  Itdyt 

evapor  t  Itmt       th  b         ptdthtthm       tf        pt        fm 

plants         mply       p    p     t        t        )  t  tl  d  t  It        t  II  d     b  1   1  wh  th 

light,  d    t  h       d  p    d    tly     f  th      I      t  t  t      p     t  s^d 

by  it,     (1  tpt  Th     t       t     t         t  pi     ts    p  d  ly       1  ght 

than        th    da  k       th  t       th      p       gs     h   h    11         f  tl       sc  p      f  th       j 
vapou    fmdth       t  ftlt  bmlg  dth  th        tl       fft 

of  prom  t    g  f    th  p  rat  th  It  t  y  t  d      d  d     h  th      I  gl  t      t 

the  St  m  ta  h         by  t  th     h     t      h    h  p  t         th       h  m      1 

changes     h    h   t        se 

Among  the  conditions  connected  with  the  organisation  of  the  plant  itself  which  de- 
termine the  amount  of  transpiration  must  be  noticed  the  nature  of  the  cortical  tissue,  the 
size  and  cumber  of  the  intercellular  spaces,  and  the  character  of  the  substances  dissolved 
in  the  cell-sap.  When  the  cortical  tissue  is  a  continuous  and  thick  layer  of  periderm  as 
in  many  woody  branches,  potato- tubers,  &c.,  or  a  thick  layer  of  bark  as  in  older  trunks 
of  trees,  the  evaporation  of  water  from  the  succulent  tissues  which  lie  beneath  is  rendered 

'  For  further  details  see  Nageli,  Berichte  dcr  kon.  bayer.  Akad.  i86i;  Bolaiiische  Mittheilitngen, 
vol.  I.  p.  40. 

'  Sachs,  Experimental-Physiologie,  p.  2ji.— Miiller,  Jahrh.  fur  wiss,  Bot,  vol.  VII,  1868,— 
Baranetzky,  Bot.  Zeitg.,  1872,  Nos.  5-7.— [See  also  Vesque,  Ann.  Sci.  Nat,  1877,  and  Eurgerstein, 
Ueb.  dec  Einfluss  aeusserer  Bedineungen  auf  die  Transpiration,  Wien,  1876.] 

=  Deh^rain's  researches  (Ann.  des  Sci.  Nat.  1865,  pi.  XII.  p.  i)  do  not  decide  tlie  question. 

'  Voii  Moiil,  Bot,  Zeilg.  i?36,  p.  6(»7. 
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difficult  in  the  extreme '.  The  cuticularised  outer  wall  of  the  epidermis  of  young 
leaves  and  internodes  is  less  efficacious  in  this  respect ;  if  it  is  very  thin  as  in  many 
quickly-growingi  leaves,  especially  those  of  water-plants,  or  altogether  imperceptible  as 
in  roots,  these  parts  dry  up  very  quickly  in  ordinary  air.  In  contradistinction  to  this 
the  evaporation  is  very  small  from  hard  evergreen  leaves.  Cactus-stems,  &c,,  which  are 
covered  by  a  thick  cuticular  coating.  It  may  fae  assumed  that  in  plants  provided  with 
a  thick  cuticle  transpiration  takes  place  principally  through  the  stomata,  and  Is  therefore 
dependent  oa  their  smaller  or  larger  number  and  siae.  The  evaporation  does  not  in 
this  case  proceed  from  the  surface  of  the  organ  (or  only  to  an  imperceptible  extent) 
but  in  its  interior,  -vix.  at  the  places  where  the  cells  of  the  parenchyma  bound  the  inter- 
cellular spaces.  These  spaces  may  be  supposed  to  be  always  at  least  nearly  saturated 
with  aqueous  vapour ;  but  the  vapour  will  escape  through  the  stomata  with  every  increa-ie 
of  its  tension  or  decrease  of  the  tension  of  the  vapour  without,  and  will  thus  give  rise  to 
the  production  of  more  vapour  in  the  inside.  The  production  of  vapour  in  the  inter- 
cellular spaces  is  moreover  the  more  abundant  the  larger  they  are  themselves,  or  in 
other  words  the  larger  the  superficies  of  cell-wall  which  bounds  them.  This  circum- 
stance, and  the  much  larger  number  of  stomata  on  the  under  side  of  the  leaves,  are 
clearly  the  reason  why  evaporation  is  generally  so  much  more  copious  from  it  than  fror& 
the  upper  side.  Since  water  containing  any  substance  in  solution  evaporates  more  slowly 
than  pure  water,  and  the  more  slowly  the  more  concentrated  and  denser  the  solution, 
this  must  also  be  considered  among  the  conditions  which  limit  the  transpiration  of  water 
from  the  sap  of  plants.  It  must  not  however  be  forgotten  that  evaporation  takes  place 
ouly  oa  the  external  surfaces  of  the  cell-walls  of  tissues,  which  on  their  part  remove  the 
water  by  imbibition  from  the  cell-sap. 

The  conditions  now  named  which  regulate  transpiration  are  combined  in  the  most 
various  ways,  and  not  only  cause  different  plants  to  show  different  amounts  of  transpira- 
tion, but  also  the  amount  to  be  very  different  in  the  same  plant  at  different  times. 
A  dehnite  statement  cannot  however  be  made  of  the  total  amount  of  transpiration,  i.e. 
of  the  quantity  of  water  required  by  a  plant  during  its  period  of  vegetation,  although 
certam  lery  variable  Imits  can  always  be  assigned  to  each  species  in  this  respect. 
Two  plants  ot  the  =ame  species  miy  as  any  one  may  see,  thrive  equally  well  if  one 
grows  in  damp  soil  and  dry  iir  the  other  in  dry  soil  and  damp  air,  the  former  thus 
usi  ig  up  a  large  the  litter  1  small  amount  of  water.  In  general  the  conditions  of 
transpirat  on  which  have  been  mentioned  exhibit  periodic  variations  related  to  the 
meteorological  d  stinction  of  day  and  night ;  the  temperature,  the  moisture  of  the  air, 
and  light  are  usually  favourable  to  evaporation  by  day,  unfavourable  by  night;  but 
under  certa  n  circumstances  this  condition  may  even  be  reversed, 

(c)  Currents  of  Water  in  the  IVood.     Superficial  cells  or  those  which  bound  intercel- 
lular spaces  and  lose  water  directly  by  evaporation  would  very  soon  collapse  and  dry  up 
if  they  were  not  able  again  to  replace  that  which  they  have  lost.    This  can  only  take 
place  by  the  flow  of  water  from  the  adjoining  cellular  tissue  from  which  no  evaporation 
rsbth       hs.         pld        h  dt       asthlnn       tmtl 

p       ttlosfmm       dttljrsft  dth        gafm  thos      h   I 

t  d     th  th  d    t    g      g  oodj  b     dl        h   h  y  th        t 

f        th  ts     Th    q      t       h        p    se  t     ts  If     h  th      th     m      m    t     t       t 

th      th  1    t  t  (    p       Uy       th    p         hym      f  th    I         )  sed  by 

dos  f    m       II  t         II  h  th        t  d  t  ol  t  I  ast  p         p  II)     I     g 

th        II      11    th       I  tt      t  n      g  th      h        If  t       b  t  th  dy 

b     dl  d  th         t  h       th         p      t       t  t     pi        th  t    ts    f  th        II 

b      g      ly         d     t  Uy  I      th    p 

Th     h   f       d  f  th    f    t  th  t  th       p  d  t     f      1  th  t  , 

and  branches  caused  by  transpiration  take  place  only  in  the  wood,  i.e.  in  the  lignified 

'  [It  may  lie  effected  in  the  Bumaier  by  means  of  the  lenticelsi  see  a:Uf,  p.  108,] 
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xylem,  has  already  been  stated.  It  can  be  demonsCiated  in  a  more  conspicuous  manner 
by  placing  a  cut  stem  or  branch  with  its  cut  surface  in  a  coloured  solution '  while  the 
leaves  are  transpiring.  If  the  stem  or  branch  is  cut  through  at  various  heights  after 
a  few  hours,  or  according  to  cireumsfances  after  a  longer  period,  the  colouring  of  the 
wood  will  show  how  high  the  solution  has  been  sucked  up  in  it,  and  will  he  seen  only  in 
the  woody  bundles  and  not  in  the  cortex  or  pith.  If  branches  with  pure  white  flowers 
are  employed  in  this  experiment,  such  as  a  white-flowered  Irh  or  Deutaia,  and  if  they 
are  placed  in  a  dark  aqueous  solution  of  aniline,  the  white  petals  are  found,  after  from 
ten  to  fifteen  hours,  to  be  permeated  by  dark  blue  veins  correspoijding  to  the  fine  woody 
bun  He*  of  the  venation    This  beautiful  appearance  however  soon  vanishes  Ihep  " 

I  g       t       I      b    q       tlykU    gth      dj  glyrs    fp  I5  d      1  g 


w    d      I  y  w     th  h      th  po    t  b  t        y  1  tt!    fr        th 

\  th     m  t     f  th  t        n     h      t  m       II  b  y    1  b  t      h       th 

tpt  asewth  h  d         dth  retft  th  dy 

b     diet,        1  I      t  d     U  d      th  hypothes     th  t  th         t      m  ly        th 

woody      bt  f  th        II      f  th  d      II    th         I  d      t       th  t  es  I 

h  lldth        pdtyfU  dgrrtf       t  b         hfthSl 

P  pi         wh   h  th  as    t      g  t    nsp  dbt       d        tfjraph 

MNbpldbrah        iP  L  arwfmwhht       pt       wastkg 

'  I  must  taUe  this  opportunity  of  making  the  remark  thai  I  still  eiiterlaiii,  and  in  a  high  degree, 
the  doubt  previoHsly  expressed,  whether  it  is  not  a  purely  pathological  phenomenon  that  is  produced 

'  [This  is  a  method  of  experimentation  which  has  been  practised  by  numerous  observers  since 
the  commencement  of  the  last  century,  when  it  was  apparently  first  tried  by  Magnol.  Sarrabat 
(otherwise  Delabaisse)  coloured  the  veins  of  the  flowers  of  the  tuberose  (Poiyanfies  ttiberosd)  and 
Snapdragon  {Antirrhamm  majui)  by  watering  the  plants  with  the  juice  of  the  berries  of  Phytolacca, 
(Dissert,  sur  la  circul.  de  la  S^ve,  Bordeaux,  1733.) 

Van  Tieghem  (in  the  French  edition  of  this  work.  p.  791)  quotes  l^eichel  as  having  plunged  the 
roots  of  a  flowering  plant  of  Bahira  Sttaraonium  into  a  decoction  of  the  wood  of  Fernambouc ;  the 
liquid  followed  the  course  of  the  vessels,  and  after  eight  days  veined  the  corolla  with  red,  and  made 
its  appearance  also  in  the  stamens,  the  walls  of  the  fruit,  and  even  in  the  style,  (De  vasis  planlarum 
spiralibus,  Leipzig,  174S.)     For  other  old  authorities  see  De  CandoUe,  Phys.  Veg,  i.  Ss. 

De  Saussure  found  that  the  stem  of  a  bean  became  coloured  by  3  decoction  of  Brazil-wood;  and 
this  was  one  of  the  facts  upon  which  he  based  the  conclusion  that  organic  matters  were  capable  of 
being  taken  up  by  the  roots  of  plants  (Ann.  des  Chem.  u.  Phys,  xlii.  p.  275).  liiot  noticed  that  tlie 
red  colouring  matter  of  Phytolacca  was  absorbed  by  white  hyacinths  when  poured  upon  the  soil  in 
which  they  were  grown ;  after  two  or  three  days,  however,  the  ted  colour  disappeared  from  the 
floweis.  (Comptes  Rendus,  1837,  i.  12.)  Unger  also  made  the  same  experiment  (Botanical  Letters, 
p.  38).  Hallier  immersed  the  ends  of  cuttings  of  plants  in  solution  of  indigo  or  black  cherry  jnice. 
(Phytopathologie,  1868,  p,  67).  Persoz  states  (Introd.  k  I'etude  de  la  Chimie  mol^culaire,  p.  553) 
that  plants  of  Imfatiem  patviflara,  the  roots  of  which  arc  immersed  in  a  solution  of  sulphindigotic 
acid,  absorb  that  fluid  in  a  reduced  or  colourless  state  due  to  the  action  of  the  roots  upon  it ;  in  the 
petals  it  again  undergoes  oxidation  and  becomes  blue.  The  experiments  of  Herbert  Spencer  (Prin- 
ciples of  Biology,  i.  p.  538)  may  also  be  referred  to.] 

'  M"Nab,  Transactions  of  the  Botanical  Society  of  Edinburgh,  1S71.  [Dr.  Pfitier  has  suggested 
that  the  resnlt  may  be  arrived  at  by  the  much  simpler  mode  of  allowing  the  plant  grown  in  a  pot  to 
become  so  flaccid  from  want  of  water  that  the  leaves  droop  perceptibly,  and  then,  after  supplying  the 
root  with  water,  to  observe  the  length  of  time  that  elapses  before  the  leaves  at  various  heights  from 
the  ground  recover  their  normal  position,  Pfitzer  found  by  this  means  a  much  more  rapid  rale  of 
ascent  indicated  than  that  stated  by  M'Nab ;  and  believes  that  there  is  a  serious  source  of  error 
in  M^Nab's  experiments,  from  the  saline  solution  not  rising  so  fast  as  pure  water;  (also  Trans.  Roy. 
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place  in  a  solution  of  lithium  citrate,  and  then  examined  the  ashes  of  successive  inter- 
noties  by  the  spectroscope.  The  solution  was  found  to  rise  from  42  to  46  cm.  in  one 
hour.     But  neither  method  of  calculation  is  exact  or  probably  of  much  value. 

The  current  of  water  in  the  wood  which  replaces  the  loss  occasioned  in  the  leaves 
by  transpiration  is  not  caused  by  osmose,  since  at  the  time  when  the  transpiration  is 
strongest  and  therefore  the  current  in  the  wood  quickest,  the  cavities  of  the  conducting 
wood-cells  do  not  contain  sap  but  air,  or  at  the  most  are  only  partially  filled  with  fluid. 
If  the  rising  of  the  water  took  place  by  endosmose  from  cell  to  cell,  the  cells  would 
necessarily  possess  closed  cell-walls  and  be  full  of  sap,  the  concentration  of  which  would 
constantly  increase  from  below  upwards  in  the  wood.  But  the  conducting  cells  are  at 
this  time  not  closed,  but  partially  or  altogether  (as  in  Conifene)  connected  with  one 
another  by  open  bordered  pits^.  In  the  spring,  before  strong  transpiration  sets  in,  and 
therefore  at  a  time  when  the  water  in  the  wood  is  comparatively  at  rest,  the  wood-cells 
also,  it  is  true,  contain  sap,  flowing  in  quantities  out  of  their  communicating  cell-cavities 
when  holes  are  bored  in  the  trunks  (as  in  the  Birch,  IWaple,  &c.).  But  this  sap  does 
not,  as  is  proved  by  analysis ',  show  a  concentration  increasing  from  below  upwards. 
The  fact'  also  that  water  rises  in  cut  leafy  stems  placed  with  their  upper  end  in  water 
though  planted  and  rooted,  and  flows  therefore  in  a  direction  opposite  to  the  ordinary  " 
one  in  the  stem,  shows  that  endosmose  depending  on  a  definite  distribution  of  the 
concentration  of  the  sap  cannot  be  the  cause  of  the  current  of  water.  Since  vessels 
and  wood-cells  communicating  with  one  another  through  their  open  pores  form  narrow 
cavities  which  sometimes  become  wider  as  they  proceed,  sometimes  narrower,  the  woody 
substance  may  be  represented  by  a  bundle  of  narrow  glass  tubes  alternately  bulging  and 
contracting,  in  which  the  water  which  fills  them  rises  by  capillary  attraction.  But  how 
little  efficacious  a  contrivance  of  this  kind  would  be  is  seen  at  once  from  the  width  of 
the  capillary  tubes,  which  is  much  too  great  to  raise  water  to  a  height  of  100  feet  or 
more.  It  must  also  be  pointed  out  that  in  the  summer,  when  the  current  of  water 
is  strongest,  it  is  principally  air  and  not  fluid  that  is  conveyed  through  the  cavities  of 
the  cells. 

Since  it  is  evident  from  what  has  been  said  that  the  movement  of  the  water  takes 
place  in  the  woody  substance  and  not  in  the  cell-cavities  filled  with  water,  there  remain 
only  two  hypotheses;   -vh.  (i)  that  the  movement  takes  place  in  the  water  contained 

Irish  Acad.  vol.  XXV,  1S74).    Sachs  has  found  that  salts  of  lithium  do  travel  along  cell-walls  as  fast 
as  the  water  in  which  they  are  dissolved.    By  supplying  the  roots  of  plEinls  with  a  solution  of  a  salt 
of  lithium,  he  has  obtained  the  following  rates  at  which  it  travelled  in  the  root  and  stem  : — 
Plants  with  roots  m  water.  Rate  per  hour, 

Saiinfragilh 
ZeaMais    , 
Plants  with  roots  m  earth. 
Nicoliana  Tabacum 
Albixzia  lophanlha 

Musa  Sapienlum     ....  997    , 

Htlianlhus  aniatjts  .  .  .  .  6^0    . 

Vilis  vim/era 
In  all  these  cases  the  plants  were  under  such  conditions  aj 
(Sachs.  Beitr.  z.  Kennt.  d.  aufsteigenden  Saftstron 
Wiirzburg,  n.  I,  i8;8.] 

'  [Sachs  has  foiuid  that  in  Abies  pcclinata  the  bordered  pits  of  the  spring-wood  are  closed 
(Porositat  des  Holies).] 

"  The  older  statements  of  linger  are  referred  to  in  my  ■  Experimental-Physiologie  ; '  others  will 
be  found  in  Schroder,  Jahrb.  fiir  wiss.  Bot.  vol.  VII.  p.  366  et  1*7. 

'  The  conduction  is  however  by  no  means  so  considerable  in  the  reversed  as  in  the  ordinary 
direction,  as  Baranetzky  found  in  the  laboratory  at  Vifiireburg ;  but  this  may  be  connected  with  other 
peculiarities  of  the  organisation. 
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th    1  g    h  d     11       II   (  th  d    mb  b  d  by  th      )         i  (   I  th  t    t  d 

by  y  th       t    t  t       t         hi  rsp      d    th  r        f  1  th    w      d      II 

d  I  I     b  th  t  b  d  tl    t  th     t  a     p     t    n        th     t  ss         f 

th     1  th       pp       p  rts     f  th  d  t  t        1  t  d  th      f 

t     d  p  th         t      t         th     p    t       h    h  I      1  w         Th       ood>  b     dl        f  the 

oot  d  d  by  I    t  p         h  m     f    m     h    h  th  >  th        t 

nd  th         g         b     b    t  f        th         1  b>      d    mose      It       y  h  b  g     d 

th  t  th  t      th       b  t  f  th       11      II    (th      -)  t     t   n  t  p    t    p  t    g  n 

t)      t  nds  IS  t  th  t  t  th    p  hy  f  th    r     t      h        th         t  n 

tan  d    n  th        1        b     b  d     Tl     q      t  h  th      th    att      t         1  th       11      II 

f         t     — p  tt   g     id    th    q      t  h  th       t  tl  b  t  ly    n 

th  t       -        ffi       tly  p         lit         t       th  ght    t  a      1  f      t        f 

thightf  jft  t         dbjsoTit  yb  wd 

hthtt  thffirat  h        tdh        ^ithralult 

It        t        h    h  th  f  g       ty     It  fe  th        I      pp  B  t    t  th 

q      t  h  th      th       p  d        f  th         I      ]      ID  t      f      t        t  th     n  tu 

sufficient  to  cover  the  requirements  of  the  foliage  ot  a  tree  «1  hmut  n  htdy 
to  hundreds  of  pounds^. 

The  hypothesis  finally  that  the  water  necessary  to  supply  tl     i       by  t    n  p     t  on 
is  forced  up  into  the  stem  as  far  as  the  leaves  by  root-press  t  be    b    d      d 

since  this  could  only  operate  in  the  cavities  of  the  wood ;  a  d  th  1  pty 

in  energetically  transpiring  plants.     In  the  case  of  tall  trees  th    p    a,  uld    I  t 

be  sufficient ;   and  if  I  at  one  time  assumed  that  this  might  b  p      t  t 

least  in  shrubs  and  annual  plants,  I  must  retract  this  after  n  y     bse      t  d     n 

the  year  1870;  since  these  show  that  the  root-stock  of  such  pi  nt    as  th    S  n  fi 
Gourd,  &c.,  is  even  subject  to  a  negative  pressure  when  the)  t        p     ng    t    ngly 

1  e  does  not  press  water  up,  but  greedily  sucks  it  in  at  a  cut  surface  aboie  the  ground 
i    -i     f    } 

Th  ffi         >    f    II    t       pt    h  th    t    m  d    t        pi       t!     t       p     t  t 

th  od  p        lly       t        bl     f  th     f    t  th  t    t  ly       d  t 

tm!         dt  hh  ttmre  tly  t        dthtwd  pbl 

f         d     tmg        t  ththf  drapdtyq        dlytht        pt         fm 

th    1      es     W     dy  b  t        drv  b        h  th      I  t        f       pi      d  t 

bitrasepmht  t  psatth  p 

t  f  IP  t        t  hi     th  b        h  f     h    t  t 

dtstlt  gitplth  hgt  tttptf 

th  1  \    h    g         th  d  d        ply  by  d  )    g     p  wh   h 

1  }  t     t  th     p  1         d     t    g        t  p  dly      Th         t      I     It      t  h    h 

tkpl  oodbywhhttfmdast  is  td  — 

th         II       1!    b       m    g  h    d  1    f     d     p  1       —  Iso  d  p  t     f  th      p 

If  a  tree  is  deprived  not  only  of  the  bark  but  also  ot  the  'alburnum  (the  light- coloured 
younger  wood  on  the  outside),  in  an  annular  zone,  the  foliage  of  the  tree,  according  to 
the  statement  of  different  writers,  dries  up,  because  the  water  is  not  conducted  suffi- 
ciently rapidly  through  the  duramen. 


'  This  hypothesis  follows  from  the  discoveries  of  Quincke  on  capillarity,  and  has  been  commu- 
nicated to  me  by  him.  [In  consequence  of  subsequent  researches,  Sachs  is  now  of  opinion  that  the 
transpiration -water  travels  only  in  the  cell-walls  of  the  wood  (Ueb.  die  Porosilat  des  Holzes,  Arb.  d. 
bot-  Inst-  in  Wiirzbuig,  II.  3,  1S79).] 

'  See  Nageli  u.  Schwendener,  Das  Mikroskop,  p.  365  et  seq. 

'  [This  negative  pressure  is  due  to  the  fact  that,  in  consequence  of  active  trEinspiration,  the  air 
which  is  contained  in  the  vessels  of  the  wood  is  more  rarified,  1.  e.  is  at  a  lower  pressure,  than  that  of 
the  atmosphere.  Consequently,  when  the  stem  of  an  actively  transpiring  plant  is  cut  through  under 
water  or  mercury,  the  liquid  is  violently  injected  into-fhe  cavities  of  the  vessels  by  the  atmospheric 
pressure.     (See  von  Hblinel.  in  Millheil.  d.  k.  k,  Landwirth  di.  Liberal,  in  Wien,  1877.J] 
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Among  the  most  remarkable  of  the  phenomena  related  to  this  is  the  fact  that  tlie 
younger  terminal  portions  of  the  stems  of  large-leaved  plants  partially  lose  the  power 
of  conducting  water  when  cut  off  in  air.  If  the  cut  leafy  end  of  the  stem  of  HeHantbuJ 
annum,  H.  luiei-osui,  ^r'ntolochia  Sipho,  &c.  be  placed  with  the  cut  section  in  water,  the 
suction  is  not  sufficient  to  compensate  the  evaporation  from  the  leaves,  which  therefore 
wither  after  a  shorter  or  longer  time'.  As  I  have  already  shown  in  the  second  edition 
of  this  book,  the  withered  shoot  may  in  a  short  time  be  revived  by  forcing  in  water  by 
means  of  the  contrivance  represented  in  Fig.  468.  I  did  not  discover  till  afterwards  that 
the  shoot  remains  turgid  even  when  the  pressure  is  reduced  to  zero,  and  even  when 
the  mercury  is  raised  up  by  the  suction  of  the  shoot  in  the  same  arm  of  the  tube  {r/), 
when  therefore  a  force  acts  on  the  section  of  the  shoot  in  the  opposite  direction. 
This  shows  that  the  forcing  in  of  water  is  only  necessary  at  first,  but  that  the  revived 
shoot  has  itself  sufficient  power  of  suction  to  raise  up  a  column  of  mercury  several 
centimetres  in  height,  and  thus  to  replace  the  loss  by  transpiration  from  the  leaves. 
Thus  much  was  known  about  the  phenomenon  of  the  withering  of  cut  shoots  placed  in 


water,  when  Dr.  Hugo  de  Vries  ^  took  up  the  further  investigation  of  it  in  the  laboratory 
of  the  Wiirzburg  Institute.    The  results  obtained  by  him  I  will  now  quote; — 

'  If  rapidly-growing  shoots  of  large-leaved  plants  are  cut  off  at  their  lovrer  part 
which  has  become  completely  lignilied,  and  are  placed  with  the  cut  surface  in  water, 
they  remain  for  some  time  perfectly  fresh.  But  if  they  are  cut  through  at  the  younger 
parts  of  their  stem  and  are  then  placed  in  water,  they  soon  begin  to  wither,  and  the 
more  rapidly  and  completely  the  younger  and  less  iignified  the  part  where  the  section  is 
made.  This  withering  can  be  easily  prevented  by  making  the  section  under  water,  and 
taking  care  that  the  cut  surface  does  not  come  into  contact  with  the  air,  the  conduction 

•  [Von  Hiihnel  has  shown  (Bot.  Zeitg.  1879)  that  the  rapid  loss  of  conductivity  for  water  shown 
by  branches  which  have  been  cut  oif  and  placed  in  water  is  due  to  the  fact  that  the  contents  of  the 
injured  cells  escape  and  form  a  layer  on  the  cut  surface;  this  becomes  infested  with  Bacteria,  and 
these  form  a  membrane  (zoogliea)  over  the  surface  which  prevents  the  absorption  of  water.] 

'  [Arb.  d.  bot.  Inst,  in  WUribnrg,  I.  3,  1873  ;  Ueb.  das  Welkcn  abgeschnitlener  Sprosse.] 
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of  water  through  the  stem  thus  suffen  g  no  nte  r  pt  on  If  cire  s  taken  thif  while 
the  section   is  being  made  the   i  r  the  leaves  and  upper   parts   of  the   stem   lose 

only  a  very  small  quantity  of  viter  by  transp  rat  o  the  ng  does  not  begin  till  later 
and  increases  only  slowl)  after  the  cut  surface       place  1    n     ater  and  the  leaves  again 

It  results  from  these  expe  ments  that  the  cause  of  w  ther  ng  the  interruption  in 
the  conduction  of  water  tron  below  and  th  terrupt  on  prod  ees  withering  not  only 
from  the  conduction  of  the  \ater  ceas  ng  for  a  short  t  me  b  t  chefly  also  from  the 
power  of  conducting  water  n  the  stem  be  g  d  n  n  had  by  the  loss  of  water  above  the 
cut  surface,  which  loss  cannot  be  restored  simply  by  placing  the  cut  surface  in  contact 

If  the  cut  surface  does  not  remain  too  long  in  contact  with  the  air,  the  diminution 
of  the  capacity  for  conduction  takes  place  in  only  a  short  piece  of  the  stem  above  the 
cut.  When  placing  in  water  ends  of  shoots  which  have  begun  to  wither  after  being  cut 
off,  it  is  only  necessary  to  remove  by  a  new  cut  a  sufficiently  long  piece  above  the  first 
cut,  but  this  time  beneath  the  water,  for  the  shoot  to  revive.  In  the  case  of  shoots 
20  centimetres  or  more  in  length  which  at  this  distance  from  the  apex  are  not  llgni- 
fied,  the  removal  of  a  piece  6  cm,  long  is  usually  sufficient  to  revive  the  withered  shoot 
(e.g.  in  Helianthai  tubermui,  Samiucus  mgra,  Xanthium  echiaatum,&c.).  This  experiment 
proves  beyond  question  that  the  change,  whatever  its  nature  may  be,  takes  place  only 
In  this  relatively  short  piece  above  the  cut.  That  it  consists  In  a  diminution  of  the 
power  of  conducting  water  is  shown  by  the  following  experiment : — When  a  sufficient 
number  of  the  lowest  and  largest  leaves  have  been  removed  from  a  stem  oS  Helianthut 
tuberosuj  cut  olf  in  the  air  and  placed  in  water,  and  which  has  begun  to  wither,  the 
leaves  that  are  left  and  the  terminal  bud  will  after  some  time  begin  to  revive  even 
without  again  cutting  the  stem.  The  water  which  is  required  for  the  transpiration  of 
a  great  number  of  leaves  can  therefore  no  longer  be  conducted  through  the  stem  after 
it  has  been  cut  off  in  air,  although  that  which  Is  wanted  for  the  transpiration  of  a  few 
leaves  can  be. 

The  cause  of  this  phenomenon  Is  therefore  a  diminution  in  the  power  of  conducting 

t  h    t  piece  above  the  cut  surface  of  the  stem.     This  is  evidently  occasioned 

by   h    I  ss     t  water  from  the  cells  caused  by  the  suction  of  the  higher  parts  not  being 
p        t  d  by  absorption  from   below.      All  circumstances  which  favour  this  loss  of 
w  t  se  also  the  loss  of  power  of  conducting  it,  and  cause  the  shoot  which  Is 

pi  d  w  t  r  to  wither  more  rapidly  and  completely.  It  must  therefore  be  assumed 
th  t  th  d  icting  power  of  the  cells  depends  on  the  quantity  of  water  they  contain. 

Th  p  b  b  I  ty  of  this  hypothesis  is  increased  by  the  fact  that  by  artificially  increasing 
the  amount  of  water  in  the  cells  of  this  piece  its  conducting  capacity  can  also  be  In- 
creased, as  is  proved  by  forcing  in  water  from  below.  If  the  modified  portion  is  dipped 
in  water  of  from  35°  to  40°  C,  the  withered  shoots  soon  revive,  and  If  then  placed  in 
water  of  20°  C,  remain  fresh  for  days  (as  in  the  case  of  the  Elder),  or  at  least  wither 
more  slowly  (e.g.  the  Artichoke). 

{d)  fFater  retained  in  the  laaod  by  Capillary  Attraction.  If  the  capillarity  of  the  cavities 
in  the  wood  must  be  considered  as  without  any  immediate  action  on  the  currents  of 
water,  this  force  must  nevertheless  be  taken  into  account  with  respect  to  other  processes 
connected  indirectly  with  the  movement  of  water  in  the  plant.  In  winter  and  after 
long- continued  rain  in  summer  a  large  quantity  of  water  is  found  in  the  cavities  of  the 
wood  together  with  bubbles  of  air  which  occupy  the  wider  spaces.  It  is  not  known  how 
this  water  has  reached  the  higher  parts  of  the  trees,  though  It  is  possibly  by  the  forma- 
tion of  dew  as  the  temperature  varies ;  it  is  however  to  a  great  extent  retained  by 
capillarity,  A  part  of  the  water  flows  out  in  many  cases  through  holes  bored  in  the 
stem  if  they  are  not  placed  too  high,  as  in  the  Birch,  Maple,  Vine,  &c.  It  may  be  sup- 
posed that  the  water  which  flows  out  has  been  forced  up  by  the  root-pressure  which 
must  also  be  taken  into  account;  though  how  far  up  this  pressure  extends  Is  not  yet 
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ascertained.  The  water  wiiich  is  present  in  the  cavities  when  there  is  feeble  transpira- 
tion and  which  will  not  flow  out  of  them  is  dearly  retained  by  capillarity,  assisted  by 
the  air  in  the  cell -cavities ;  for  Montgolfier  and  Jamin  have  shown  that  in  capillary 
spaces  which  contain  water  and  air,  the  water  is  not  easily  set  in  motion.  This  explains 
also  the  phenomenon  already  mentioned,  that  water  escapes  when  pieces  of  wood  which 
have  been  cut  off  in  cold  weather  are  warmed,  because  the  air  expands  and  forces  out 
the  water.  Subsequent  cooling  causes  on  the  contrary  water  to  be  sucked  in  at  the  cut 
surface,  because  the  air  contracts,  and  the  pressure  of  the  external  air  forces  in  water 
from  without. 

(f)  T^  ascmt  of  •water  from  the  root  hit//  the  jlem\  The  most  important  features  of 
this  phenomenon  have  already  been  briefly  mentioned.  It  is  to  be  observed  in  the 
open  air  in  plants  of  the  most  different  kind,  if  they  possess  vigorous  root-systems  and 
well-developed  wood ;  as,  for  instance,  in  the  Birch,  Maple,  and  Vine,  and  among  annual 
plants,  in  the  Sunflower,  Dahlia,  Rreinni,  Tobacco,  Gourd,  Maize,  Stinging  Nettle,  &c.  In 
order  to  study  the  phenomenon  accurately,  it  is  best  to  grow  the  plants  for  some  time 
previously  in  large  flower-pots  until  they  have  developed  a  strong  root-system.  Land- 
plants  such  as  Maize  grown  in  water  and  artificially  fed  by  nutrient  substances  are 
also  well  adapted  for  the  investigat  It  th     t  m    f       i   a  plant  is  cut  across  smoothly 

5  or  6  cm.  from  the  ground,  a  d  glas  t  b  h  d  t  the  stump  by  means  of  an 
india-rubber  tube,  the  result  will  be  se  a  f  II  w  It  the  plant  was  in  a  condition 
to  transpire  freely  before  it  was  t  th  ut  u  f  of  th  root-stump  remains  at  first 
quite  dry,  and  if  water  is  poured  nto  th  gl  ss  tub  t  at  once  sucked  up'.  The 
woody  substance  of  the  root-stump  h  d  ntl)  b     n      h  usted  by  transpiration  before 

the  operation,  and  contains  but  very  little  water;  not  only  are  its  cavities  empty,  but 
even  the  cell-walls  of  the  wood  may  not  be  saturated.  After  a  shorter  or  longer  time 
however  the  exudation  of  water  at  the  cut  surface  begins — rising  higher  and  higher 
in  the  tube — and  continues  from  six  to  ten  days  if  the  plant  is  properly  treated,  be- 
coming during  the  earlier  part  of  the  time  continually  more  copious,  attaining  a  maxi- 
mum, and  finally  diminishing  until  it  ceases  with  the  death  of  the  root-stock.  If  the 
cut  section  is  repeatedly  dried  with  blotting  paper  during  the  time  that  the  water  is 
flowing,  it  is  clearly  seen  that  the  water  exudes  from  the  woody  tissue — in  Monocoty- 
ledons from  the  xylem  of  the  separate  bundles— and  that  it  comes  principally  from  the 
■  openings  of  the  larger  vessels.  That  the  water  which  flows  out  had  previously  been 
absorbed  by  the  roots  out  of  the  ground,  and  not  merely  from  the  store  in  the  root- 
stock,  is  at  once  evident  from  the  fact  that  the  quantity  which  exudes  at  the  cut  section 
is  after  a  few  days  greater  in  volume  than  the  whole  of  the  stock.  Under  the  conditions 
here  described,  the  water  which  flows  out  contains  only  traces  of  organic  substances 
in  solution ;  but  the  presence  of  mineral  constituents  can  be  easily  proved,  especially 
lime,  sulphuric  acid,  phosphoric  acid,  and  chlorine,  which  the  plant  has  absorbed  out  of 
the  ground.  The  water  which  flows  in  the  spring  from  holes  bored  in  trees  such  as  the 
Birch  and  Maple,  contains  however  considerable  quantities  of  sugar  and  albuminous  sub- 
stances; since  the  longer  stagnation  in  the  cavities  of  the  wood  gives  it  the  opportunity 
of  absorbing  these  substances  out  of  the  closed  living  cells  of  the  wood  and  out  of  the 
surrounding  parenchyma,  a  result  which  cannot  be  expected,  or  only  in  a  smaller  degree, 
in  the  case  of  the  rapid  flow  from  the  smaller  root-stocks  of  quickly-growing  plants. 

In  order  to  determine  the  quantity  of  the  outflow,  a  narrow  burette  may  be  used 
instead  of  the  tube,  in  which  the  amount  can  be  read  oiF  hourly  in  cubic  centimetres 
when  the  outflow  is  at  all  considerable.  The  root-pressure  which  acts  upon  the  cut 
surface  is  however  then  considerably  altered.    In  order  to  avoid  this,  a  tube  of  the 


'  See  in  partlcnUr  Hofmeister,  On  the  tension  and  the  quantity  and  rapidity  of  the  flow  of  the 
juices  of  living  plants  ;  Flora,  x86a.  p.  gy. 

'  This  fact  is  sufficient  to  prove  [hat  the  root-pressure  has  no  share  in  the  ascent  of  the  water  at 
the  time  when  transpiration  is  active. 
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form  shown  in  Fig.  467,  R  is  iixed  to  the  stump,  and  to  it  is  attached  a  narrow  (ijbe 
instead  of  the  manometer ;  the  free  end  of  this  tube  is  bent  downwards  into  a  graduated 
burette.  If  the  tubes  are  from  the  first  filled  with  water,  as  much  runs  into  the 
burette  as  flows  out  from  the  cut  section,  and  the  pressure  therefore  remains  constant. 
From  this  experiment  it  has  been  ascertained  that  the  flow  of  water  varies  from  day  to 
day,  from  one  time  of  the  day  to  another,  and  even  from  hour  to  hour;  but  the  causes 
of  these  variations  in  the  outflow,  which  must  depend  on  the  activity  of  the  roots,  are 
not  yet  known ;  it  would  even  seem  as  if  a  periodicity  were  established  independently  of 
the  temperature  and  of  the  moisture  of  the  ground^ 

The  measurement  of  the  highest  pressure  at  which  the  outflow  can  still  take  place  at 
the  cut  surface  can  be  effected  by  the  apparatus  figured  in  Fig.  467,  where  it  is  expressed 
by  the  diflerence  of  level  of  the  mercury  in  the  two  arms  of  the  tube,  or  by  q—q'. 
This  will  however  only  aiford  a  measurement  of  the  pressure  which  the  outflowing  «  ater 
may  be  able  to  overcome  at  the  cut  surface;  but  it  has  obviously  had  also  to  overcome 
other  resistances  of  unknown  magnitude  in  the  interior  of  the  root-stock.  With  respect 
to  this  point  1  was  interested  in  ascertaining  how  great  is  the  difference  in  the  outflov;  if 
one  of  two  equal  root-stocks  has  no  pressure  to  overcome  at  the  cut  surface,  the  other 
a  considerable  but  constant  pressure.  If,  in  Fig.  469,  a  indicates  the  cut  stem  of  a 
Sunflower  or  similar  plant  grown  in  a  pot,  c,  d,  e  the  tube  which  is  attached  to  it  by  the 
india-rubber  tube  i,  and/  a  glass  tube  bent  downwards,  which  {not  as  in  the  figure) 
reaches  beyond  the  rim  of  the  pot  and  terminates  in  a  burette,  while  the  opening  of/ 
lies  exactly  on  the  level  of  the  cut  surface  of  the  stem ;  then,  when  the  tube  c,  d,  e,f 
has  been  filled  with  water,  we  have  an  apparatus  for  observing  the  outflow  when  the 
pressure  at  the  cut  surface  is  at  zero.  A  second  root-stock  from  a  plant  of  exactly 
the  same  age  and  vigour  and  grown  in  a  pot  of  the  same  size  is  provided  with  the 
apparatus  figured  in  Fig.  469,  where  the  tube  f  through  which  the  outflow  takes 
place  reaches  the  vessel  b  through  the  cork^.  This  vessel  contains  water  in  its  upper, 
mercury  in  its  lower  part.  A  tube  k  rises  from  the  cork  i  to  a  certain  height  and  is  bent 
round  at  the  free  end  o  where  it  dips  into  a  graduated  tube.  If  the  apparatus  is  so 
contrived  that,  for  example,  the  opening  for  the  outflow  0  stands  al>out  15  cm.  al>ove  the 
level  n,  then  the  column  of  mercury  0  n  exercises  a  pressure  of  1 5  cms.  on  the  water  b, 
and  through  it  on  the  cut  surface  at  b.  When  the  water  begins  to  flow  out  from  the  cut 
surface  at  b,  the  quantity  of  water  in  h  will  be  increased,  and  an  equal  volume  of  mer- 
cury will  flow  out  at  0.  The  mercury  collects  in  the  burette,  and  its  level  enables 
the  quantity  of  water  which  has  flowed  from  the  cut  surface  to  be  read  oif  from  hour 
to  hour,  and  to  be  compared  in  the  other  apparatus  where  there  is  no  pressure.  After 
a  long  period  of  observation,  the  level  n  falls  sensibly  and  the  pressure  on  augments  a 
little.  But  it  is  easy  to  bring  it  again  to  the  original  amount  if  a  fresh  quantity  of  mercury 
is  poured  in  every  twelve  hours. 


'  Very  detailed  observations  on  this  point  were  made  by  Baranetzky  in  the  Wiirzburg  laboratory, 
in  the  summer  of  1872.  For  this  purpose  he  availed  himself  of  the  autographic  auxanomeler  described 
hereafter.  The  sap  flowed  from  the  root-stock  uito  one  limb  of  a  long  narrow  U-shaped  tnbe,  in  theother 
limb  of  which  was  a  float  bearing  an  index  which  marked  the  changes  of  level  upon  the  smoked  paper 
of  the  rotating  cylinder.  This  method  gives  veiy  accurate  results  in  so  far  as  the  quantity  of  the  sap 
is  concerned.  Condderable  variations  of  temperature  (10°  io  24  hours)  affect  the  How  in  such  a  way 
that  every  rise  increases,  every  fall  diminishes  it.  If  the  variations  of  temperature  are  small,  a  daily 
penodicit)  which  is  independent  of  <uch  vaiiitions  can  be  detected  a  maximum  and  a  minimum  being 
attained  daily  Accoidmg  to  Baranetzky  the  time  of  their  occurrence  depends  ttpon  the  periodical 
exposure  of  the  riant  to  light  during  the  time  preceilmg  the  experiment  I  am  unable  to  assure 
my-ielf  of  the  coireetness  of  this  conclusion  from  Batanet^ky  s  experiments  I  do  not  deny  the 
possibility  of  It  but  I  re^rve  mj  opinion  until  further  experiments  haie  been  inide.  (See 
Baranet/ky  Bot  Zeitg  \S  ^  Nc  ^,  ind  Die  Peno  hcilat  des  Pli  tens  Abhandl  d  mturfor.  Ges.  ?u 
Halle  XIII    1^73-1 
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I  ohseired  in  this  manner  in  the  summer  of  1870  for  five  days  two  equally  strong 
root-stocks  of  the  Sunflower';  and  the  result  was  that  the  difference  of  the  outflow  was 
but  small,  although  the  amount  of  pressure  in  one  case  was  zero,  In  the  other  case 
17  cm.  of  mercury.  In  the  first  thirty-three  hours  the  outflow  where  there  was  no 
pressure  at  the  cut  surface  amounted  to  26-^^  cubic  cm. ;  when  the  pressure  was  17  cm. 
of  mercury  it  was  30-9  cubic  cm.  A  sudden  change  in  the  pressure  of  the  mercury 
of  I  or  2  era.  also  caused  no  considerable  alteration  in  the  rapidity  of  the  outflow. 

Our  object  now  is  to  form  some  idea  as  to  the  cause  of  this  powerful  ascent  of  water 
in  the  wood  of  the  root-stock,  and  to  explain  how  it  happens  that  the  water  absorbed 
at  the  surfaces  of  the  roots  not  only  passes  into  the  cavities  of  the  wood,  but  is  pressed 
tipu'ards  with  so  great  a  force  as  to  be  able  to  overcome  a  considerable  resistance  at  the 


cut  surface ;  for  it  is  obvious  that  the  water  which  flows  out  above  must  have  been 

absorbed  below  at  the  surfaces  of  the  roots.    This  absorption  can  only  be  induced  by  the 

nd    m  t         t  t  the  parenchymatous  cells  of  the  cortex  of  the  root.     Ifwesuppose 

th  t  th  dm  force  is  very  considerable,  these  cells  will  swell  greatly ;   and  as 

h  w  t         II  filt  r  through  the  cell-walls  into  the  cavities  of  the  wood  as  is  ab- 

b  d  f  th     t  by  endosmose.     The  parenchymatous  cells  which  are  gorged  by 

d  d  t     the  vessels  the  water  which  presses  into  them  in  consequence  of 

th        d    m  th    uch  force  that  in  flowing  out  above  from  the  vessels  it  is  still  able 

to  o\ercome  a  considerable  pressure.     It  follows  from  this  explanation  that  the  pressure 

which  acts  at  the  cut  surface  must,  in  accordance  with  the  laws  of  hydrostatics,  be 


>i  here  describe  the  whole  sf 
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exerted  also  against  the  inside  of  the  vessels  which  receive  the  water  from  the  turgid 
parenchymatous  cells.  But  the  water  which  enters  them  has  also  to  overcome  the 
resistance  to  filtration  exercised  by  the  cell-walls.  The  endosniose  of  the  cortical  cells 
of  the  root  must  overcome  these  resistances.  Although  we  do  not  know  the  magnitude 
of  the  endosmotie  force,  yet  we  have  ground  for  supposing  that  it  is  much  greater  than 
that  given  by  Dutrochet's  experiments  on  animal  membranes;  and  this  explanation  would 
therefore  be  very  probable.  But  a  difficulty  occurs  in  answering  the  question  why  the 
turgesccnt  cortical  cells  of  the  root  expel  their  water  only  inwards  into  the  woody  tissues 
and  not  also  through  their  outer  walls.  We  may  however  here  be  helped  by  the  suppo- 
sition that  the  micellar  structure  of  the  cell-walls  is  different  on  the  outer  and  inner 
sides  of  the  cells,  and  that  those  facing  the  exterior  of  the  root  are  best  adapted  to  allow 
endosmose,  while  those  facing  the  interior  of  the  root  are  best  adapted  for  permitting 
filtration  under  high  endosmotie  pressure.  It  must  however  be  observed  that  this 
supposition  is  at  present  only  a  hypothesis  for  the  purpose  of  explaining  to  a  certain 
extent  the  processes  which  take  place  in  the  root.  The  exudation  of  drops  of  water 
from  the  upper  cell  of  the  Fungus  Pilobolai  cryitall'mus,  from  the  root-hairs  of  a  Mar- 
chaniia  grown  in  damp  air,  &c.,  shows  moreover  that  cells  distended  by  endosmotie 
tension  can  in  fact  exude  water  at  certain  spots.  It  is  difficult  to  give  any  other  ex- 
planation of  the  exudation  of  nectar  in  flowers  ;  the  excreting  cells  must  evidently  absorb 
the  water  or  the  sap  with  great  force  on  one  side,  and  then  exude  it  on  the  other  side. 
That  in  this  case  pressure  from  the  root  does  not  directly  cooperate  is  shown  by  the 
fact  that  this  exudation  of  nectar,  which  is  often  very  copious,  as  in  the  flowers  of  Fritil~ 
laria  imperialii  and  in  the  pitchers  of  A'i?ffB/&fj',  takes  place  even  when  cut  flowers  or 
pitchers  are  simply  placed  in  water.  In  this  respect  these  exudations  of  fluid  differ  from 
the  exudation  of  drops  on  the  leaves  of  many  plants,  which  only  tabes  place  when  they  are 
still  in  connection  with  the  root,  and  which  is  clearly  caused  by  the  forcing  power  of  the 
root  (as  in  Aroides,  &c.).  It  also  happens  however  sometimes  that  drops  of  water  are 
exuded  from  cut  surfaces  of  the  tissue,  while  another  cut  surface  of  the  organ  absorl« 
water.  This  1  found,  for  instancCj  to  be  the  case  with  pieces  of  the  young  stems  of 
different  Grasses,  cut  off  from  6  to  lo  cm,  in  length,  which  were  placed  wi!h  the  lower 
end  in  damp  soil ;  the  free  upper  end  then  repeatedly  and  continuously  exuded  drops  of 
water  in  darkness  and  in  an  atmosphere  saturated  with  moisture.  Here  the  paren- 
chymatous cells  of  the  lower  cut  surface  clearly  acted  as  the  cortical  cells  of  the  root, 
absorbed  by  endosmotie  action,  and  probably  pressed  the  water  thus  absorbed  into  the 
vessels,  from  which  it  then  escaped  to  the  upper  cut  surface. 

(y)  Tie  cambined  action  of  iranipiration,  conduction,  and  absorption  of  <u/alcr  by  the 
roots  takes  place  under  ordinary  and  favourable  conditions  in  such  a  manner  that  nearly 
as  much  water  is  absorbed  through  the  roots  and  conducted  upwards  through  the 
wood  as  is  transpired  fi-om  the  leaves.  As  long  as  this  equilibrium  lasts,  the  plant  is 
turgid  and  tense  in  all  its  parts  ;  and  conversely,  it  may  be  concluded  from  the  unaltered 
turgidity  and  tenseness  of  the  leaves  and  internodes  that  the  conduction  of  water  is 
sufficient  to  compensate  the  transpiration  by  the  leaves.  Hence,  under  these  conditions, 
the  quantity  of  water  transpired  may  be  taken  as  the  measure  of  the  absorpiion  of  the 
root  (or  of  a  cut  surface),  and  conversely  the  absorption  observed  as  the  measure  of  the 

'  Compare  Wunschmann's  dissertation,  'Ueberdie  Gattnng  JVefen/ies'  (Berlin,  iS^rj),  where  my 
Handbook  only,  and  not  the  above  taken  from  the  third  edition  of  this  work,  is  quoted.  It  is 
qnealionable  if  there  is  any  ground  for  distinguishing  between  'excretions'  and  the  sap  which  escapes 
from  a  root-stock  in  so  far  as  the  mechanism  of  the  excretion  is  concerned,  as  the  older  botanists  and 
Wunschmann  do.  The  facts  above  mentioned  render  it  improbable.  They  tend  to  show,  on  the 
contrary,  that  in  other  vegetable  organs,  as  well  as  in  roots,  hydrostatic  pressures  may  lie  set  up 
which  tend  to  force  the  fluids  out  of  the  tissues.  It  is  a  matter  of  merely  secondary  importance  that 
'excretions,'  such  as  nectar  and  the  fluid  contained  in  the  pitclieis  oi  Nepenthes,  are  of  higher  concen- 
tration than  the  sap  which  escapes  from  a  root-stock. 
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transpiration  from  the  leaves.  Since  however  the  tissues  can  be  more  or  less  turgid 
without  its  being  immediately  perceptible,  transpiration  and  absorption  are  not  usually 
exactly  equal.  But  for  most  observations  the  small  occasional  difference  may  be 
neglected  so  long  as  no  actually  perceptible  amount  of  flaccidity,  i.e.  of  withering, 
caused  by  the  collapse  of  the  cells,  takes  place  when  the  transpiration  is  stronger  and 
n  the  opposite  case,  no  exudation  of  drops  of  water 


the  absorpti' 

on  weaker ;  or  so  long 

resuHi 

dp 

growi: 

h       h           pn 

accou 

h               d 

W 

g         m 

it  net 

be  p         d 

quant 

ra          d  b 

throu). 

rf_            h 

transpiratioi 

1  is  very  considerable, 

g  g  b         d  h  00 

m     Th  J  g  hem 

,  or  when  the  ground  is  very  dry,  or  when  in  cut  shoots 
the  power  of  the  stem  to  conduct  water  has  ceased.  The  exudation  of  drops  of  water 
already  mentioned  is,  on  the  other  hand,  the  consequence  of  a  smaller  quantity  of 
water  evaporating  from  the  leaves  than  is  absorbed  by  the  roots  and  forced  up  into 
the  upper  organs.  If  a  branch  of  a  Potato-plant,  a  leaf  of  an  Aroid,  a  cut  stem  of  Maize, 
or  the  like,  is  fixed  in  the  cork  *  in  Fig,  468,  and  if,  when  the  transpiration  is  weak  a 
pressure  of  mercury  of  10  or  la  cm.  is  allowed  to  act  for  some  time,  drops  of  water 
appear  at  the  same  spots  on  the  apices  or  margins  of  the  leaves,  where  they  would 
appear  in  plants  with  roots  in  the  evening  or  night  or  in  damp  weather.  In  the 
same  manner  the  exudation  of  drops  from  plants  with  roots  can  be  produced  or 
increased  by  warming  the  ground  and  covering  the  leaves  with  a  bell-glass  in  order 
to  hinder  evaporation^. 

The  pressure  due  to  the  root  which  is  so  conspicuous  in  stems  when  cut  across  and 
when  the  amount  of  evaporation  is  very  small,  can  scarcely  be  of  any  considerable  use 
in  promoting  the  current  of  water  in  the  wood  caused  by  strong  transpiration.  The 
fact  already  mentioned  that  strongly  transpiring  plants  suck  up  water  at  the  cut  surface 
of  their  stems  immediately  after  the  upper  part  has  been  cut  off,  shows  that  the  pro- 
pelling force  of  the  root  does  not  act  sufficiently  quickly  to  protect  even  the  vessels  of 
the  root-stock  of  strongly  transpiring  plants  from  complete  exhaustion ;  that  is,  although 
the  force  which  drives  the  water  into  the  root-stock  is  great,  as  we  have  seen,  it  acts 
too  slowly  to  be  taken  into  account  when  the  transpiration  is  rapid. 

The  same  conclusion  is  reached  if  the  quantity  of  water  which  exudes  in  the  same 
time  from  the  cut  stem  of  a  plant  above  the  root  Is  compared  with  that  which  is 
absorbed  at  the  lower  cut  surface  by  the  upper  part  of  the  same  plant.  The  absorption 
of  the  upper  part  is  always  much  more  considerable  in  amount  than  the  outflow  from 
the  root-stock,  even  when  the  withering  of  the  upper  part  indicates  that  the  capacity 
of  its  wood  for  conduction  has  diminished,  and  that  it  absorbs  less  than  it  would  absorb 
in  the  normal  condition.  Thus,  for  example,  the  water  absorbed  by  the  cut  leafy  top  of 
a  Tobacco-plant  amounted  in  five  days  to  200  cubic  cm.,  while  the  root-stock  exuded 
only  i5'7  cubic  cm.  In  the  same  manner  in  Cacurbita  Pefo  (when  much  withered)  the 
amount  absorbed  was  14  cubic  cm.,  the  exudation  from  the  root-stock  only  ri'4  cubic 
cm.  The  withered  upper  part  of  a  Sunflower  absorbed  in  a  few  days  95  cubic  cm., 
while  the  root-stock  exuded  only  52'9  cubic  cm.  The  result  is  also  the  same  when 
the  relative  amounts  which  extend  over  a  shorter  time  are  compared'. 

'  See  IRauwenhoff,  Phylophysiologische  Eydralen  in  Verslagen  en  Mededeelingen  der  Icon. 
Akad.  ran  Wetens.,  Afdeeling  Natuurkunde  a^°  Reeks  Deel  HI,  1868,  where  however  the  indis- 
pensable  thermometric  observations  are  wanting 

'  The  exudation  of  drops  on  the  matins  of  the  leiies  of  plants,  the  roots  of  which  are  sur- 
rounded by  damp  warm  earth,  their  foliage  nsing  into  moist  air,  is  a  very  common  phenomenon, 
as  1  know  from  the  experience  of  many  yeais 

'  For  a  more  complete  account  see  Arb  d  Bot  Inst  in  Wiirzburg,  I.  3,  1873. 
vy 
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It  follows  from  these  facts  that,  with  the  exception  of  times  when  the  amount  of 
transpiration  is  small  or  when  drops  of  water  exude  from  the  leaves,  no  root-pressure  at 
all  exists  when  the  plant  is  uninjured;  and  that  this  pressure  can  only  be  detected  when 
transpiration  and  absorption  have  ceased  or  when  they  are  very  small,  The  exhaustion 
of  the  root-stock  of  a  strongly  transpiring  plant  (as  after  it  has  been  cut  off)  proves 
rather  that  a  plant  with  roots  behaves  in  exactly  the  same  way  as  a  cut  shoot.  Just  as 
the  latter  absorbs  water  from  a  receiver,  so  the  wood  of  the  root-stock  which  has  lost 
water  in  consequence  of  transpiration  above  absorbs  water  from  the  cortical  cells  of  the 
root  which  obtain  it  by  endosmose.  From  all  this  it  still  remains  in  doubt  whether  in 
such  cases  the  contents  of  the  cortical  ceils  of  the  root  must  not  be  left  altogether  out 
of  consideration,  since  it  is  possible  that  the  conduction  of  water  by  the  cell-walls  alone, 
reaches  as  far  as  the  surface  of  the  roots, 

{g)  The  parts  of  land-plants  which  are  covered  with  a  cuticle  and  in  which  transpira- 
tion takes  place  appear  to  have  no  power  of  absorbing  in  any  considerable  quantity  the 
water  by  which  they  are  moistened,  such  as  the  rain  and  dew  which  Is  deposited  on  the 
leaves.  As  long  as  the  tissues  and  leaves  of  uninjured  plants  with  roots  become  turgid 
and  are  supplied  with  water  from  below,  any  considerable  absorption  through  the  sur- 
faces of  the  leaves  themselves,  even  when  they  are  thoroughly  wetted",  is  not  to  be 
expected,  since  it  is  not  easy  to  see  where  the  water  can  go  in  ceils  that  are  already 
gorged'.  But  even  when  a  rooted  plant  has  withered,  it  is  still  doubtful  whether  the 
revival  which  takes  place  when  its  leaves  are  wetted  depends  on  the  absorption  of  water 
by  the  leaves,  since  it  is  not  impossible  for  an  upward  pressure  to  take  place  subse- 
quently. Greatly  withered  shoots  do  not  become  turgid  when  placed  in  water,  or  do  so 
only  very  slowly  unless  the  cut  surface  is  immersed,  and  eVen  in  this  case  there  is 
doubt  as  to  the  absorption  of  water  through  the  surfaces  of  the  leaves. 

In  harmony  with  this  Duchartre  found  also''  that  rooted  plants  (Horteniia,  Helianthus 
annum),  which  withered  in  the  evening  in  consequence  of  the  dryness  of  the  earth 
in  the  pot,  did  not  recover  or  become  turgid  if  copiously  moistened  by  dew  during  a 
whole  night,  the  pots  in  which  the  roots  spread  being  provided  with  a  closed  cover. 
Epidendral  Orchids,  Tillandslas,  &c.  behave  in  the  same  way  in  this  respect;  they 
also  absorb  neither  water  nor  aqueous  vapour  through  their  leaves,  nor  even  in  any 
considerable  quantity  through  the  roots.  The  water  which  they  require  for  their 
transpiration  and  growth  must  be  conveyed  to  them  in  the  form  of  rain  or  dew  which 
moistens  the  root-envelope  (velamen)  or  wounded  surfaces*. 

When  land-plants  wither  on  a  hot  day  and  revive  again  in  the  evening,  this  is  the 
result  of  diminished  transpiration  with  the  decrease  of  heat  and  increase  of  the  moisture 
in  the  air  in  the  evening,  the  activity  of  the  roots  continuing — not  of  any  absorption  of 
aqueous  vapour  or  dew  through  the  leaves.  Rain  again  revives  withered  plants  not  by 
penetrating  the  leaves,  but  by  moistening  them  and  thus  hindering  further  transpiration, 
and  conveying  water  to  the  roots,  which  they  then  conduct  to  the  leaves. 

A  simple  experiment  will  afford  much  instruction  to  the  student  in  these  matters. 
The  pot  in  which  a  leafy  plant  is  growing  is  enclosed  in  a  glass  or  metal  vessel  provided 

'  On  this  subject  see  my  Experiment al-Phyaologie,  p.  155, 

'  Duchartre  has  neglected  this  obvious  reflL-ction  in  his  researches  (Bulletin  de  la  Soc.  Bot.  de 
France,  Feb.  24,  1863) ;  in  other  respects  also  these  experiments  are  very  defective. 

'  Duchartre,  I.  c.  1857,  pp.  940-946, 

'  Duchartre,  Experiences  sur  la  veEstation  des  plantes  epiphytes  (Soc.  Imp.  et  centrale  d'horli- 
cultnre,  Jan.  1856,  p.  67;  and  Comptes  Rendus,  1868,  vol.  LXVII.  p,  775).  [This  subject  has  been 
recently  investigated  by  Detmer  (Theorie  des  Wurzeldnicks,  1877),  by  Boussingault  (Les  fonctions 
physiques  des  feuilles,  Agronomie,  VI,  t8;8),  and  by  Henslow  (On  the  Absorption  of  Rain  and  Dew 
by  the  green  parts  of  plants,  Journ.  Linn.  Soc.  XVII,  1879),  It  appears  that  leaves,  like  all  other 
parts  of  plants,  >¥ill  absorb  w^ler  if  they  are  immersed  in  it  long  enough,  but  there  is  no  evidence 
that  the  absorption  of  water,  cither  as  vapour  or  as  liquid,  is  in  any  sense  one  of  their  functions.] 
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above  with  a  lid  in  two  portions,  and  surrounding  the  stem  so  as  completely  to  cover 
the  earth  in  the  pot.  If  the  soil  is  dry  the  plant  withers.  If  a'  bell-glass  is  placed  over 
it  the  plant  revives,  and  agaia  withers  if  it  is  removed.  This  shows  that  the  withering 
is  the  result  of  increased,  the  revival  the  result  of  diminished  evaporation  from  the 
leaves  when  the  roots  convey  but  very  little  water  to  the  plant.  If  cut  shoots  are 
allowed  to  wither  and  are  then  suspended  in  air  nearly  saturated  with  aqueous  vapour, 
the  leaves  and  younger  intemodes  again  revive,  although  the  whole  shoot  continues 
to  lose  weight  from  evaporation.  This  phenomenon  results  from  the  water  passing 
from  the  older  parts  of  the  stem  to  the  younger  withered  parts,  as  must  be  concluded 
from  Prillieux's  experiments^. 

Sect.  3. — Movemente  of  Gases  in  Plants'.  All  Rowing  cells  of  a  plant,  or 
all  that  are  otlierwise  in  a  condition  of  vital  aclivity,  are  continually  absorbing  atmo- 
spheric oxygen  and  giving  bacli  in  its  place  a  nearly  equal  volume  of  carbon  dioxide. 
The  cells  which  contain  chlorophyll  have  in  addition  the  properly,  under  the  influ- 
ence of  sunlight,  of  absorbing  carbon  dioxide  from  without,  exhaling  at  the  same 
time  a  nearly  equal  volume  of  oxygen  mixed  with  some  nitrogen.  In  proportion  to 
the  activity  of  the  chemical  processes  which  take  place  within  the  cells,  the  movements 
of  gases  occasioned  by  them  vary  greatly  in  rapidity.  The  formation  of  carbon 
dioxide  at  the  expense  of  the  atmospheric  oxygen  takes  place  continuously  and 
in  all  the  cells ;  but  the  quantities  concerned  are  small  in  proportion  to  the  large 
amount  of  carbon  dioxide  which  is  decomposed  in  the  green  tissues,  and  in  ex- 
change for  which  equal  volumes  of  oxygen  are  exhaled.  Some  idea  of  the  activity 
of  this  last-named  process  is  obtained  by  reflecting  that  about  one-half  the  (dry) 
weight  of  the  plants  consists  of  carbon  which  has  been  obtained  by  the  decompo- 
sition of  atmospheric  carbon  dioxide  in  tissues  containing  chlorophyll  under  the 
influence  of  light. 

Oxygen  and  nitrogen  are  permanent  gases,  as  also  is  carbon  dioxide  within  the 
limits  of  the  temperature  of  vegetation,  and  indeed  far  below  it,  Aqueous  vapour, 
on  the  contrary,  is  only  produced  from  water  within  these  limits,  and  under  certain 
conditions  even  returns  to  the  liquid  state.  In  other  respects  aqueous  vapour  be- 
haves just  like  oxygen  and  nitrogen  in  reference  to  the  processes  to  be  considered 
here. 

When  the  gases  with  which  we  have  to  do  are  traversing  closed  cell-walls, 
diff'using  themselves  through  the  cell-sap,  or  permeating  or  escaping  from  the 
protoplasm,  chlorophyll -granules,  &c;,  their  motion  is  a  molecular  one  of  diffusion. 
When  they  fill  in  their  elastic  condition  the  intercellular  spaces,  vessels,  cells  destitute 
of  sap,  or  the  large  air-cavities  among  the  tissues,  it  is  a  movement  of  the  whole 
mass  depending  exclusively  on  expansive  force.  The  movements  of  diffusion  tend 
to  bring  about  conditions  of  equilibrium  which  depend  on  the  coefficient  of  ab- 
sorption of  the  gas  by  a  particular  cell-fluid,  on  the  composition  of  the  cell-wall, 
&c,  on  temperature,  and  on  the  pressure  of  the  ain  But  these  conditions  are 
continually  varying ;  and  the  equilibrium  which  is  aimed  at  is  being  stiU  more 
continually  distiu-bed  by  chemical  changes  on  which  depend  the  metamorphosis 

'  Prillieux,  Compfes  Rendns,  i8jo,  vol.  II.  p.  80. 

'  Sachs,  Handbuch  der  Enperimental-Physiologie,  p.  243.  —  Miiller,  Jahrb.  fur  wiss.  Bot. 
vol.   VII.  p.  145. 


vGooqIc 


693  MOLECULAR   FORCES  IN   THE  PLANT. 

of  substances  io  the  plant,  assimilation,  and  growth ;  so  that  a  state  of  rest  can  very 
seldom  occur.  The  ordinary  condition  of  the  gases  which  are  diffused  through  the 
cells  of  plants  is  that  of  movement. 

But  even  the  masses  of  gas  found  in  the  cavities  of  plants  are  not  generally  at 
rest.  By  the  settmg  free  or  absorption  of  carbon  dioxide  or  oxygen  in  the  cells,  the 
equilibrium  is  disturbed  also  in  the  neighbouring  cavities;  and  changes  in  the 
pressure  of  the  air  or  in  temperature  also  exert  an  influence.  The  flexions  again 
of  the  stem  and  leal  stalk  produced  by  the  wind  cause  compressions  and  dilatations  of 
the  gases  which  fill  the  cavities,  and  these  again  give  rise  to  currents  of  gas  in  the 
interior.  The  rapidity  of  the  movement  in  the  cavities  varies  greatly  in  proportion 
to  fheir  size ;  within  the  very  nanow  intercellular  spaces  of  ordinary  parenchyma  the 
motion  is  slow  and  inconsiderable  even  under  considerable  pressure,  as  contrasted 
with  the  rapid  currents  which  are  possible  in  the  large  intercellular  spaces  of  most 
foliage -leaves  and  similar  organs,  or  in  the  wide  air-canals  of  hollow  stems,  or  in  the 
lacunse  of  the  tissue  of  water-plants. 

In  attempting  to  collect  the  most  common  phenomena  into  a  more  definite  arrange- 
ment from  this  general  point  of  view,  the  following  appear  to  be  the  more  important 

(a)  Uaicellwlar  plants,  as  well  as  those  which  consist  merely  of  filaments  or  plates  of 
cells  such  as  occur  in  Algie,  Fungi,  and  Mosses,  are  in  immediate  contact  with  the  air  or 
with  the  surrounding  water  which  contains  gas  in  solution.  The  only  essential  condition 
here  is  that  the  gases  shall  be  able  to  enter  and  escape  from  the  cells  by  diffusion.  If, 
for  example,  a  cell  of  this  tind  containing  chlorophyll  is  placed  in  sunlight,  the  carbon 
dioxide  absorbed  by  it  is  decomposed ;  a  fresh  supply  of  the  gas  is  therefore  continually 
penetrating  into  it  from  without,  because  it  is  prevented  from  saturating  the  cell-sap ; 
oxygen,  on  the  contrary,  is  being  constantly  disengaged,  the  cell-sap  receives  more  than 
it  can  contain,  and  gives  off  the  excess  by  outward  diffusion.  Under  these  conditions 
therefore  two  molecular  currents  are  set  up  in  opposite  directions  which  permeate  the 
cell-wall,  the  protoplasm,  and  the  cell-sap;  and  since  carbonised  products  are  formed  in 
the  cell  at  the  expense  of  the  decomposed  carbon  dioxide,  this  decomposition  is  the 
simultaneous  cause  of  fresh  quantities  of  the  gas  perpetually  diffusing  into  the  cell.  The 
quicker  the  decomposition  of  the  carbon  dioxide,  the  more  quickly  is  it  replaced.  The 
conditions  are  similar  in  cells  containing  chlorophyll  when  in  darkness  and  in  cells 
destitute  of  chlorophyll,  though  the  chemical  process  is  different;  they  absorb  oxygen 
and  produce  carbon  dioxide ;  only  the  process  is  much  slower  and  less  active.  The 
cell  acts  as  a  centre  of  attraction  for  the  gas  which  is  decomposed  in  it,  and  as  a 
centre  of  repulsion  for  the  gas  which  is  produced  in  it.  This  rule  holds  good  also  for 
the  individual  cells  of  a  tissue,  only  that  in  this  case  the  processes  are  more  complicated, 
inasmuch  as  the  diffusion  currents  of  the  gases  do  not  take  place  between  the  cells  and 
an  unlimited  external  volume  of  gas,  but  between  cells  and  cells  on  the  one  hand, 
between  cells  and  internal  air-cavities  of  limited  size  on  the  other  fiand. 

(A)  Among  plants  consisting  of  complicated  aggregates  of  celis,  submerged  Ifater- 
pliiats  are  of  peculiar  interest,  because  their  intercellular  spaces  do  not  open  outwardly 
through  numerous  stomata,  but  communicate  with  large  cavities  which  are  formed  in  the 
interior  of  the  tissues  by  the  disjunction  of  cells  or  by  the  rupture  of  their  walls.  The 
underground  stems  of  Equhetum  and  of  many  bog-plants  show  3  similar  structure. 
Uninjured  plants  of  this  kind  are  closed  and  air-tight  outwardly ;  the  gases  which 
collect  in  the  cavities  can  originate  only  from  the  surrounding  tissues,  which  absorb 
oxygen,  nitrogen,  and  carbon  dioxide  by  diffusion  from  the  surrounding  water.  These 
gases  cannot  simply  diffuse  through  the  surrounding  tissues,  but  they  undergo  change 
within  them,  and  when  once  collected  in  the  spaces  they  are  still  further  influenced  by 
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the  chemical  processes  that  go  on  in  the  surrounding  tissues.  A  submerged  water-plant, 
for  example,  which  contains  chlorophyll,  absorbs  carbon  dioside  from  without  under  the 
influence  of  sunlight,  and  at  leist  a  portion  of  the  disengaged  oxygen  collects  in  the 
cavities  When  it  becomes  dark  this  process  ceases ,  the  collected  ojtyten  is  hoh 
absorbed  by  the  fluids  of  the  tiiisue  and  gradually  transformed  mto  cirbon  diox  de, 
which  can  again  diifuse  back  into  the  cavities  but  partially  also  through  the  layers 
of  tissue  into  the  surrounding  water  This,  as  well  as  the  different  cocfficents  of 
diffusion  of  the  gases,  causes  the  air  contained  in  the  cmties  to  have  an  altogether 
difterent  composition  from  that  in  solutionin  the  surrounding  water,  and  thisccmpcsition 
to  be  subject  to  continual  change.  But  it  is  not  only  the  chemical  composition  of  the 
gas  in  the  cavities  that  is  altered  in  this  way;  the  pressure  is  also  subject  to  variation. 
When  the  oxygen  which  is  liberated  from  the  green  tissues  collects  rapidly  in  the  cavities 
under  the  influence  of  bright  light,  the  gas  is  then  subject  to  high  pressure,  and  escapes 
with  force,  injuring  the  surrounding  layers  of  tissue."  The  greater  rapidity  of  diffusion 
of  carbon  dioxide,  and  its  slower  production  in  the  tissue  in  darkness,  do  not,  on  the 
other  hand,  allow  an  increase  of  tension  of  the  gas  to  arise  easily  in  the  cavities  of  the 
plant  when  kept  in  the  dark. 

The  nitrogen  of  the  atmosphere  takes  a  more  subordinate  and  secondary  part  in  all 
these  processes.  It  is  indeed  never  absent  from  the  air  contained  in  the  cavities,  but  Is 
generally  present  in  large  quantities  in  it,  together  with  oxygen  and  carbon  dioxide.  It 
is  not  however  subject  to  such  rapid  and  considerable  variations,  being  neither  used  up 
nor  disengaged  in  the  changes  connected  with  the  assimilation  of  food  in  the  tissues. 

(c)  LaaJ-plaati  differ  from  water-plants  in  that  their  internal  cavities,  when  present^, 
communicate  directly  with  the  atmosphere  through  the  stomata.  The  anatomical  con- 
ditions show  at  once  that  these  organs  are  only  the  channels  of  exit  from  the  intercellular 
spaces  which  are  in  connection  with  one  another  through  the  whole  plant ;  and  we  know 
from  experiment  that  these  are  in  their  turn  in  complete  connection  here  and  there 
with  the  cavities  of  the  vessels  and  with  the  wood-cells^.  The  large  air-cavities  which 
are  abundant  even  in  land-plants  (in  hollow  stems,  leaves,  fruits,  &c.),  the  woody  tubes 
(or  vessels)  and  wood-cells,  and  the  usually  extremely  narrow  capillary  intercellular  spaces 
of  the  parenchyma,  form  therefore  a  system  of  cavities  fioll  of  air  and  in  communication 
with  one  another,  which  are  all  closed  below  at  the  nwt,  but  which  open  outwardly 
above  in  the  leaves,  Intemodes,  &c ,  thiough  numberless  extremely  narrow  capillary 
openings. 

What  was  said  in  paragraph  B  on  the  changes  which  take  place  in  the  air  contained 
in  the  cavities  of  water-plants,  applies  in  general  also  to  that  of  land-plants ;  but  the 
equalising  of  the  difference  in  the  pressure  at  the  various  parts  of  a  large  plant  is 
facilitated  by  the  occurrence  of  lessels,  that  ot  the  difference  between  the  internal  and 
external  air  by  the  stomata.  This  equalisation  however  proceeds  in  general  extremely 
slowly,  because  the  stomata,  in  con-^equence  of  their  small  diameter,  can  allow  only  small 
volumes  of  gas  to  pass  through  them  in  a  short  time.  Notwithstanding  their  unin- 
terrupted connection,  there  may  therefore  be  considerable  differences  of  pressure  and 
great  variations  in  the  composition  of  the  internal  and  external  gas,  as  in  water-plants. 
It  must  also  not  be  forgotten  that  those  layers  of  tissue  in  which  a  rapid  interchange  of 
gases   is   proceeding  are  covered  with   an   epidermis   containing  a  greater  number  of 


■  Large  Fungi  and  AIg:E  have  indeed  no  stomata;  but  their  internal  air  (among  the  hypha)  is 
certainly  in  commnnicalion  at  least  in  places  with  the  surrounding  air  by  cavities  among  the  super- 
ficial hyphre.  The  stems  of  Mosses  possess  neither  internal  cavities  nor  stomata,  while  their  spore- 
capsules  possess  both. 

»  [The  fact  to  which  allusion  has  been  made  on  p.  682,  that  namely  (he  air  in  the  vessels  of  an 
actively  transpiring  plant  is  at  a  lower  pressure  than  that  of  the  atmosphere,  proves  that  the  cavities 
of  the  vessels  do  not  communicate  with  the  intercellular  spaces.     If  they  did  si 
difference  of  pressure  could  not  possibly  arise.] 
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stomafa  than  those  which  require  a  less  active  interchange  in  consequence  of  slower 
growth  and  assimilation.  In  addition  to  this,  organs  with  a  thin  cuticle  are  better 
adapted  to  bring  about  interchange  of  gas  by  diffusion  than  those  whose  epidermis 
is  provided  with  a  thicker  cuticle  which  hinders  the  diffusion-current.  This  is  clearly 
the  reason  why  roots  require  no  stomata,  since,  in  consequence  of  their  slow  increase  in 
size  and  their  thin-walled  slightly  cuticularised  epidermis,  tliey  can  accomplish  the 
interchange  of  oxygen  and  carbon  dioxide  by  diffusion  alone ;  while  the  leaves,  in 
consequence  of  their  thick  cuticle,  require  a  large  number  of  stomata  in  order  rapidly  to 
interchange  large  volumes  of  carbon  dioxide  with  as  large  volumes  of  oxygen  in  sunshine. 
Even  flowers  and  rapidly  growing  parasites  which  contain  no  chlorophyll  possess  stomata, 
though  in  smaller  numbers,  because  they  absorb  a  quantity  of  oxygen  and  exhale  carbon 
dioxide.  When  the  epidermis  is  replaced  in  the  older  parts  of  stems  and  roots  by  cork- 
periderm,  the  parts  are  not  only  externally  impervious  to  air  (with  the  exception  of 
occasional  fissures)  in  the  ordinary  sense,  but  even  the  interchange  of  gas  by  external 
diffusion  practically  ceases.  But  this  case  occurs  only  in  those  parts  of  plants  where  the 
fibro-vascular  bundles  form  air-canducting  vessels  and  usually  also  air-conducting  wood- 
cells,  by  means  of  which  an  interchange  of  gas  is  brought  about  internally  with  that 
contained  in  the  parenchyma  enveloped  by  the  cork.  This  is  especially  the  case  with 
woody  Dicotyledons  and  Conifers. 

These  considerations  apply  also  to  a  great  extent  to  aqueous  vapour      The  evipora 
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a  larger  number  of  stomata  on  the  under  than  on  the  upper  side,  where  they  a 
times  entirely  wanting. 
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CHAPTER    II. 
CHEMICAL   PROCESSES    IN   THE    PLANT. 

Sect,  4. — The  Elementary  Conatituente  of  the  Food  of  Plants'.  If  we 
dry  at  a  temperature  of  100°  or  iio°C.  any  fresh  vegetable  structure  so  as  to  expel  all 
the  water  which  it  contains,  a  friable  residue  will  be  left  which  no  longer  loses  weight, 
In  ripe  seeds  this  usually  amounts  to  about  |  of  the  weight ;  in  seedlings  after  the 
supply  of  reserve-material  has  been  consumed,  to  generally  less  than  -^,  increasing 
in  subsequent  stages  of  vegetation  to  ^  or  ^;  in  submerged  water-plants  and 
Fungi  it  often  amounts  Co  less  than  ^,  and  sometimes  even  to  only  ^^r-  These 
proportions,  which  are  only  roughly  estimated,  vary  within  wide  limits  according  to 
the  nature  and  age  of  the  plant  and  of  the  particular  organ. 

If  the  dried  residue  of  the  plant  is  further  exposed  to  a  red  heat  in  the 
presence  of  oxygen,  by  far  the  greater  part  of  it  is  consumed  and  disappears  in 
the  form  of  products  of  combustion,  chiefly  carbon  dioxide  and  aqueous  vapour. 
The  residue  which  now  remains  behind,  usually  a  fine  white  powder,  is  the  Asi, 
constituting  generally  only  a  small  percentage  of  the  dried  substance,  a  proportion 
which  is  again  subject  to  great  variations  with  the  specific  nature  of  the  plant  and 
the  kind  and  age  of  the  particular  organ. 

Chemical  analysis  of  the  combustible,  part  of  the  dried  substance  shows  that  it 
consists  in  all  plants  of  Carbon,  Hydrogen,  Oxygen,  Nitrogen,  and  Sulphur ;  the 
latter  remains  behind  after  combustion  in  the  form  of  sulphuric  acid  in  combination 
with  the  bases  of  the  ash. 

In  the  ash  are  invariably  found  in  addition  Potassium,  Calcium,  Magnesium, 
Iron,  and  Phosphorus,  and  generally  Sodium  (Lithium?),  Manganese,  Silicon,  and 
Chlorine;  in  marine  plants  also  Iodine  and  Bromine.  With  these  constituents 
there  are  sometimes  associated,  in  rare  cases  and  under  special  circumstances, 
very  small  quantities  of  Aluminium,  Copper,  Zinc,  Cobalt,  Nickei,  Strontium,  and 
Barium,  The  presence  of  very  small  quantities  of  Fluorine  in  plants  is  also 
inferred  from  the  presence  of  calcium  fluoride  in  the  bones  of  animals  which  obtain 
the  whole  of  their  food  direcdy  or  indirectly  from  plants. 


'  For  a  preliminary  acquaintance  with  the  very  copions  liferatur     my  H    db    li  d      E  p 
mental-PhysJologie  (Seels.  5  and  6)  wiU  be  sufficient.      A  stndy  of  Th    d     S  R    h      h 

chimiques  sur  la  v^g^tation,  Paris  1S04,  is  also  indispensable  to  any  li    vi   lies  C    f  rm    it 

independent  judgment  for  himself.     A  detailed  description  of  the  theo  y    f       t    ti  t      ed 

among  other  works,  Mkyer's  I.ehrbnich  der  Agriculturchemie,  1876      \.  ty    f  fii  d  m    t  I 

researches  will  also  be  found  in  Boussingault's  Agronomie  et  Phys    1  g  festal  E    W    IfT 

Asdienanilyse  flit  landwirthschafUiche  Prod.  &c.,  Berlin  1871,  is  al  y      1    bl  U 

his  Vegetationsveisuche  in  wSsserigen  Lbsungen  ihrer  Nahrstoffe  (H  h    h   m      J  b  1    m    chnfl 
1661). 
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It  is  self-evident  that  we  have  only  to  consider  as  elementary  food -substances 
those  which  are  indispensably  necessary  for  the  process  of  nutrition ;  while  those  the 
presence  of  which  in  the  plant  is  proved  by  analysis,  but  which  may  also  be  absent 
without  its  nutrition  being  impaired;  may  be  considered  as  accidental  admixtures. 

Of  the  first  importance  among  the  indispensable  food -materials  are  the  ele- 
ments of  the  combustible  substance  which  are  present  in  all  plants  without 
exception,  viz.  Carbon,  Hydrogen,  Oxygen,  Nitrogen,  and  Sulphur ;  because  they  are 
included  in  the  chemical  formula  of  cellulose  or  of  the  albuminoids  which  con- 
stitute protoplasm,  and  because  therefore  without  these  substances  the  plant-cell 
itself  could  not  exist.  It  may  be  inferred  also  from  the  invariable  presence  of 
Potassium,  Calcium,  Magnesium,  Iron,  and  Phosphorus  in  plants,  that  they  are 
indispensable  constituents  of  their  food,  and  stiO  more  from  the  fact  established 
by  actual  experiment,  that  the  nutrition  and  growth  of  all  plants  hitherto  ex- 
amined for  this  purpose  is  impossible  or  abnormal  if  any  one  of  these  elements  is 
wanting.  In  the  case  of  Sodium,  Manganese,  and  Silicon  this  has  not  yet  been 
proved ;  it  would  appear  rather  that  they  may  be  dispensed  with  in  the  chemical 
process  of  nutrition.  That  Chlorine  is  necessary  for  the  perfect  nutrition  of 
Polygonum  Fagopyrum  has  been  shown  by  Nobbe'.  Whether  Iodine  and  Bromine 
play  the  part  of  true  food-materials  in  the  marine  plants  in  which  they  are  found 
has  not  yet  been  ascertained ;  and  these  two  elements  may,  from  the  mode  of  their 
occurrence,  be  for  the  present  neglected  as  unimportant  in  this  respect. 

In  the  more  general  considerations  as  to  the  nutrition  of  plants  we  have  there- 
fore chiefly  to  do  with  the  following  elements : — 

Carbon,  Hydrogen,  Oxygen,  Nitrogen,  Sulphur; 
Potassium,  Calcium,  Magnesium,  Iron ; 
Phosphorus,  Chlorine ; 
to  which  are  to  be  added,  under  certain  circumstances.  Sodium  and  Silicon. 

The  physiological  importance  of  these  elementary  substances  is  however  very 
different.  Those  placed  in  the  first  line  compose,  as  already  mentioned,  the  greater 
part  of  the  substance  of  the  plant;  they  mjunly  form  the  organised  and  organisable 
part  of  the  plant  and  of  every  individual  cell ;  their  importance  therefore  lies  in  the 
fact  that  they  furnish  the  chief  materials  for  the  construction  of  the  plant  The 
constituents  of  the  ash,  on  the  other  hand,  are  of  less  importance  in  this  respect, 
if  only  in  consequence  of  their  much  smaller  quantity;  they  appear  to  promote 
chemical  decompositions  and  combinations  in  plants,  in  consequence  of  which  the 
far  more  abundant  combustible  principles  are  consUucted  out  of  the  first-named  five 
elements. 

Carbon  is  a  necessary  constituent  of  every  organic  compound  in  varying  proportion; 
usually  about  one-half  the  weight  of  the  entire  dried  substance  of  the  plant  consists 
of  this  element  If  the  large  quantity  of  vegetable  matter  which  is  annually  produced 
is  taken  into  account,  the  fact  becomes  the  more  remarkable  that  this  enormous 
quantity  of  carbon  is  derived  from  the  carbon  dioxide  of  the  atmosphere  of  which 
it  forms  on  the  average  only  about  0-04  per  cent.  It  is  only  the  cells  which  contain 
chlorophyll — and  these  only  under  the  inijuence  of  sunlight — that  have  the  power  of 

■  Landwirthschaftliche  Versuchsstatloneii,  vol.  V!I,  1S65. 
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decomposing  the  carbon  dioside  taken  up  by  them,  and  at  the  same  time  of  setting 
free  an  equal  volume  of  oxygen,  in  order  to  produce  or^nic  compounds  out  of 
the  elements  of  carbon  dioxide  and  water,  or  in  other  words  to  assimilate.  It  is 
very  probable  that  under  these  circumstances  carbon  dioxide  loses  only  one-half  its 
oxygen,  while  the  other  half  of  the  oxygen  which  is  exhaled  is  derived  from  the 
decomposition  of  water. 

The  fact  is  unquestionable — partly  established  by  direct  researches  on  vege- 
tation, partly  inferred  from  the  circumstances  under  which  many  plants  live  in  a 
natural  condition — that  most  plants  which  contain  chlorophyll  {e.g.  our  cereal  crops, 
Beans,  Tobacco,  Sunflower,  many  saxicolous  Lichens,  Alg^e,  and  other  water  plants) 
obtain  the  entire  quantity  of  their  carbon  by  the  decomposition  of  atmospheric 
carbon  dioxide',  and  require  for  their  nutrition  no  other  compound  of  carbon  from 
without.  But  there  are  also  plants  which  possess  no  chlorophyll  and  in  which  there- 
fore the  means  of  decomposing  carbon  dioxide  is  wanting ;  these  must  absorb  the 
carbon  necessary  for  their  constitution  in  the  form  of  other  compounds.  But  since 
plants  destitute  of  chlorophyll  are  either  parasites  or  saprophytes,  they  absorb  their 
carbon  in  the  form  of  organic  compounds  which  have  been  produced  by  other 
plants  that  contain  chlorophyll.  Parasites  draw  these  products  of  assimilation 
directly  from  iheir  hosts,  while  saprophytes  (as  Neottia  Nidus-avis,  Epipogium 
Gmelini,  Corallorhtza  innata,  Monoiropa,  many  Fungi,  &c.)  make  use  for  the 
same  purpose  of  the  materials  of  other  plants  which  are  aheady  in  a  state  of 
decomposition.  Even  the  food  of  Fungi  which  are  parasitic  in  and  on  animals 
is  derived  from  the  products  of  assimilation  of  plants  containing  chlorophyll, 
inasmuch  as  the  whole  animal  kingdom  is  dependent  on  them  for  its  nutrition. 
The  compound  of  carbon  originally  present  on  the  earth  is  the  dioside,  and  the 
only  abundantly  active  cause  of  its  decomposition  and  of  the  combination  of 
carbon  with  the  elements  of  water  is  the  cell  containing  chlorophyll.  Hence  all 
compounds  of  carbon  of  this  kind,  whether  found  in  plants  or  in  animals  or  in 
the  products  of  their  decomposition,  are  derived  directly  or  indirecdy  from  the 
organs  of  plants  which  contain  chlorophyll. 

Hydrogen  is  present,  equally  with  carbon,  in  every  organic  compound;  in 
consequence  however  of  the  smalJness  of  its  combining  equivalent,  it  falls  far 
below  it  as  a  percentage  constituent  of  the  weight  of  the  dried  substance  of 
plants.  As  has  already  been  mentioned,  the  hydrogen  of  the  plant  is  probably 
derived  from  the  decomposition  of  water  in  cells  containing  chlorophyll  in  the 
presence  of  sunlight.  It  probably  enters  into  combination  with  the  carbonic 
oxide  (CO)  shnultaneously  presented  to  it  by  the  reduction  of  the  carbon  dioxide'. 

'  [From,  the  researches  of  Moll  it  appears  that  the  roots  take  no  part  in  supplying  the  plant 
with  carbonic  dioxide  (Moll,  Die  Herkunft  des  Kohlenstoffs  der  Pflanicn,  Arb.  d.  bot.  Inst,  in 
WUriburg,  n.  I,  1878).] 

"  [The  abstract  of  Adolph  Baeyer's  paper  on  the  Chemistry  of  Vegetable  Life  in  Joum.  Che™. 
Soc.  1871,  pp.  331-341,  should  be  consulted.  It  is  shown  to  be  probable  that  chlorophyll  fixes 
carbon  oxide  just  as  hremoglobin  does.  When  sunlight  falls  upon  chlorophyll  which  is  surrounded 
by  carbon  dioxide,  that  compound  seems  to  suffer  the  same  dissociation  as  at  high  temperatures, 
oxygen  is  liljerated  and  carbon  oiide  remains  combined  with  the  chlorophyll.  The  simplest  reduction 
of  carbonic  oxide  is  to  formic  aldehyde;  it  need  only  lake  up  hydrogen,  CO  +  H5  =  C0H,,  and  imder 
the  influence  of  the  cell-contenls,  just  as  by  the  action  of  alkalies  (which  Butlerow  has  shown  to  he 
the  case),  the  aldehyde  is  transformed  into  sugar.] 
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Only  a  very  small  portion  of  the  hydrogen  contained  in  the  nitrogenous  vegetable 
substances  can  be  supplied  to  the  plant  in  the  form  of  ammonia. 

Oxygen  is  always  present  in  organic  compounds  in  smaller  quantities  than 
would  be  sufficient  to  oxidise  the  hydrogen  and  carbon  present  in  them  into 
water  and  carbon  dioxide,  because  organic  compounds  are  produced  from  carbon 
dioxide  and  water  with  the  elimination  of  a  part  of  their  oxygen.  The  proportion 
of  oxygen  in  vegetable  substances  is  moreover  very  variable;  and  some  even  contain 
none  at  all  of  this  element.  But  the  total  quantity  of  oxygen  forms,  next  to  carbon, 
the  largest  proportion  of  the  weight  of  the  dried  substance.  Oxygen  is  intro- 
duced into  the  plant  in  the  form  of  water,  carbon  dioxide,  and  oxy-salts,  in  larger 
quantities  than  any  other  element ;  while  extraordinarily  large  quantities  of  oxygen 
are  set  free  into  the  air  by  the  process  of  assimilation  in  the  green  organs,  All  the 
other  organs  of  the  plant  also  absorb  atmospheric  oxygen,  and  thus  slowly  re- 
produce carbon  dioxide  and  water  at  the  expense  of  the  assimilated  substances. 
Together  with  the  process  of  deoxidation  which  is  very  active  in  the  cells  containing 
chlorophyll,  another  process  of  oxidation  is  proceeding  comparable  to  that  of  the 
respiration  of  animals,  but  not  generally  very  active,  by  which  a  part  of  the  assimi- 
lated substance  is  again  decomposed. 

Nitrogen,  an  essentia!  constituent  of  the  albuminoids  which  form  protoplasm,  of 
vegetable  alkaloids,  and  of  asparagine,  always  forms  only  a  small  fraction  of  the 
weight  of  the  dried  substance  of  plants, — often  less  than  (,  seldom  more  than 
3  p.  c.  The  nitrogen  contained  in  the  chemical  compounds  just  mentioned  is 
obtained  from  compounds  of  ammonia  and  nitric  acid ' ;  parasites  and  saprophytes 
perhaps  also  absorb  organic  nitrogen- compounds  from  without.  It  is  on  the  other 
hand  certain  from  a  great  number  of  experiments  on  vegetation,  especially  those  of 
Boussingault,  that  plants  have  no  power  of  using  the  free  nitrogen  of  the  atmosphere 
for  the  production  of  their  nitrogenous  compounds".  If  plants  are  artificially  sup- 
plied with  all  other  food -materials,  but  it  is  rendered  impossible  for  them  to  absorb 
ammonia  or  compounds  of  nitric  acid  as  their  source  of  nitrogen,  no  increase  takes 
place  of  the  albuminoids  or  of  the  nitrogenous  substances  generally,  although  the 
nitrogen  of  the  atmosphere  is  at  the  command  of  the  plant  in  such  great  quantities, 
filling  up  the  intercellular  spaces  and  diffusing  through  the  fluids  of  the  tissue ", 

Sulphur,  a  constituent  of  albuminoids,  of  allyl,  and  of  the  essentia!  oil  of 
mustard,  is  taken  up  in  the  form  of  soluble  salts  of  sulphuric  acid,  and  chiefly 

'  [Although  plants  containing  chlorophyll  usually  absorb  h  h        m 

or  nitrates,  they  can  nevertheless  absorb  it  also  in  the  form  gam  p  und         h 

leucin,  tyrosin,  creatin,  hippuric  acid,  and  similar  bodies  j    h        an  m 

alkaloids.] 

'  [The  important  researches  of  Lawes,  Gilbert,  and  Pugh    d  th  ce         th  g 

vegetation  (Phil.  Trans.  1861,  pt.  2,  and  Joum.  Chem.  Soc.  1863  p     00    sh  uld  be  i,ar  d 

on  this  point.] 

=  f  Adolf  Mayer  has  recently  carried  out  a  number  of  experiments  to  determine  whether  the 
aerial  parts  of  plants  have  the  power  of  absorbing  ammonia  or  not-  Preventing  access  of  aTumonia 
through  the  roots,  he  subjected  the  leaves  to  the  influence  of  ammonium  carbonate  both  in  the 
gaseous  and  dissolved  state,  and  found  that  it  was  a.bsorbed  in  appreciable  quantities,  although 
the  plants  did  not  appear  to  thrive  when  access  of  ammonia  through,  the  roots  was  entirely 
prevented.  Similar  results  have  also  been  oblained  by  T.  Schlcesiiig  (see  Comptes  Rcndiis,  vol. 
LXXVIII.  p.  1700),] 
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(or  perhaps  always)  of  calcium  sulphate.  This  salt  is  probably,  as  Holzner  first 
pointed  out ';  decomposed  by  the  oxalic  acid  which  is  formed  in  the  plant  itself,  and 
the  insoluble  calcium  oxalate  is  thus  formed,  while  the  sulphuric  acid  parts  with  its 
sulphur  to  form  the  organic  compounds  which  have  been  mentioned, 

fron^  (often  accompanied  by  very  variable  quantities  of  Manganese)  is  indis- 
pensable for  the  production  of  the  green  colouring  substance  of  chlorophyll,  as  is 
shown  by  experiments  on  vegetation ;  and  since  the  green  organs  which  contain 
chlorophyll  form  organic  substances  out  of  water  and  carbon  dioxide,  the 
importance  of  this  element  for  the  life  of  the  plant  is  very  evident,  although 
extraordinarily  small  quantities  of  it  are  sufficient  for  this  purpose.  It  may  be  taken 
up  by  the  plant  in  the  form  of  the  chloride  or  sulphate  or  of  some  other 
compound.  If  larger  quantities  of  solutions  of  iron  become  distributed  through 
the  tissues,  the  cells  quickly  die.  Although  small  quantities  of  iron  are  essential 
for  producing  the  green  colour  of  chlorophyll,  it  is  nevertheless  uncertain  whether 
the  green  colouring  substance  itself  contains  iron  as  an  integral  constituent  of  its 
chemical  formula*. 

Potassium,  is  as  essential  for  the  assimilating  activity  of  chlorophyll  as  iron  for 
its  production.  Nobbe*  has  recently  shown  that  if  food-materials  otherwise  com- 
plete but  possessing  no  potassium  are  supplied  to  plants  (as  Buckwheat),  they 
behave  as  if  they  were  absorbing  only  pure  water  instead  of  the  solution  of  food- 
material.  They  do  not  assimilate  and  show  no  increase  in  weight,  because  no 
starch  can  be  formed  in  the  grains  of  chlorophyll  without  the  assistance  of 
potassium-  The  chloride  is  the  most  efficacious  form  in  which  potassium  can 
be  offered  to  Buckwheat ;  the  nitrate  comes  next  to  it.  If  the  potassium  is  offered 
only  in  the  form  of  sulphate  or  phosphate,  a  very  evident  sickliness  is  apparent 
sooner  or  later,  which  results  from  the  starch  which  is  formed  in  the  grains  of  chloro- 
phyll not  passing  into  the  growing  organs  and  thus  becoming  available  for  purposes 
of  vegetation.  Sodium  and  Lithium  cannot  replace  potassium  physiologically,  be- 
cause the  former  is  simply  useless  to  the  plant,  while  the  presence  of  the  latter  in 
the  cell-sap  is  injurious  to  the  tissues. 

Phosphorus,  Chlorine,  Sodium,  Calcium,  and  Magnesium  have,  as  far  as  is  yet 
known,  no  definite  relation  to  special  physiological  purposes.  The  constant  occur- 
rence however  of  compounds  of  phosphoric  acid  in  company  with  albuminoids,  as 
well  as  of  potassium  salts  in  organs  containing  starch  and  sugar,  points  towards 
definite  relations  which  they  may  possess  to  those  chemical  processes  that  imme- 
diately precede  the  processes  of  construction  in  plants.  A  large  part  of  the  calcium 
takeii  up  by  plants  is,  as  has  been  mentioned,  precipitated  by  oxalic  acid,  and 
remains  inactive.  The  importance  of  calcium  must  therefore  be  sought  partly  in 
its  serving  as  a  vehicle  for  sulphuric  and  phosphoric  acid   in    the    absorption    of 

'  Holiiier,  Ueber  die  Bedentung  des  oxalsauren  Kalkes,  Flora,  1 867.— Hilgers,  Jahtb.  fur  wiss. 
Bot.  vol.  VI.  p.  I. 

"  For  special  proof  of  the  iroporfance  of  iron  see  my  Handbuch  der  Esperimental-Physiologie, 
p.  143. 

'  [On  the  chemical  composition  of  chlorophyll,  see  infra^ 

*  Nobbe,  Schriider,  and  Erdmann,  Ueber  die  Orgaoische  Lcistung  des  Kaliums  in  der  Pflanie  ; 
Chemnilz,  1S71. 
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jmmediately  round  the  spot  where  this  takes  place  the  fluid  of  the  tissue  contains  tewer 
molecules  of  the  compound ;  and  the  more  distant  molecules  of  the  same  salt  in  a 
state  of  solution  move  therefore  towards  the  spot  where  they  are  wanted.  Every  cell 
therefore  which  decomposes  any  particular  salt  acts  as  a  centre  of  attraction  upon  the 
fluids  of  the  tissue  surrounding  it,  and  the  salt  in  question  is  drawn  towards  this 
centre.  But  this  process  does  not  affect  any  other  salt  dissolved  in  the  same  fluid. 
If,  for  example,  calcium  sulphate  is  decomposed  in  a  cell  and  crystals  of  calcium  oxalate 
formed,  this  itself  supplies  a  cause  for  the  more  distant  molecules  of  sulphate  to  be 
drawn  towards  that  cell;  but  it  aflbrds  no  reason  for  the  molecules  of  potassium  nitrate 
which  are  also  present  to  move  in  the  same  direction.  Every  substance  dissolved  in 
the  cell-sap  is  set  in  motion  only  in  so  far  as  the  equilibrium  of  diffusion  and  the  uniform 
distribution  of  its  own  molecules  is  disturbed.  It  follows  therefore  clearly  that  there 
can  be  in  general  no  such  thing  as  a  continuous  uniform  motion  of  a  so-called  '  nutritive 
sap.'  It  is  only  when  a  number  of  compounds  which  supply  food-material  are  taken  up 
at  one  spot  such  as  the  root,  and  are  decomposed  at  another  spot  such  as  the  buds  or 
green  leaves,  that  the  direction  of  movement  is  nearly  the  same  for  all ;  but  even  in  this 
case  the  rapidity  with  which  the  molecules  of  each  particular  salt  move  will  vary,  because 
this  depends  on  the  rapidity  of  consumption  at  the  point  towards  which  the  movement 
is  directed,  and  on  the  special  rate  of  diffusion  of  each  compound.  It  is  only  when  some 
external  pressure  drives  the  whole  of  the  cell-sap  in  one  direction  that  the  motion  of 
different  substances  is  uniform,  provided  that  the  fluid  moves  in  open  channels  such  as 
the  laticiferous  vessels  or  sieve-tubes ;  but  if  the  pressure  causes  filtration  through  closed 
cell-walls,  then  the  molecules  of  different  salts  are  ui'ged  forward  with  a  different  speed, 
because  the  rapidity  of  filtration  of  different  solutions  varies  with  their  composition  and 
degree  of  concentration. 

The  same  principles  hold  good  also  for  the  absorption  of  combinations  of  food- 
material  from  without  into  the  absorbing  organ.  It  has  already  been  shown  in  the 
previous  paragraph  how  the  decomposition  of  carbon  dioxide  in  a  cell  containing  chloro- 
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generaliy  termed,  ahjorSed ,  they  cannot  be  extracted  trom  the  soil  eien  bj  very  lai^e 
quantities  of  water ;  the  roots  nevertheless  take  them  up  out  of  it  with  ease.  It  may 
be  supposed  in  these  cases  that  these  food -mate  rials  occur  as  an  extremely  fine  coating 
over  the  particles  of  soil,  and  can  therefore  only  be  taken  up  at  the  points  of  contact 
of  the  root-hairs  with  these  particles;  and  they  are  there  rendered  soluble  by  the 
carbon  dioxide  exhaled  by  the  roots.  This  action  of  the  root  is  limited  to  the  points 
of  contact ;  only  those  particles  of  substance  which  come  directly  into  contact  with 
the  root-hairs  are  dissolved  and  absorbed.  But  since  the  number  and  length  of  the 
roots  is  very  considerable  in  all  growing  land-plants,  and  since  also  they  are  continually 
lengthening  and  forming  new  root-hairs,  the  root-system  comes  gradually  into  contact 
with  innumerable  particles  of  earth,  and  can  thus  take  up  the  necessary  quantity  of  the 
substance  in  question.  This  power  of  the  loots  of  taking  up,  by  means  of  the  acid  sap 
which  permeates  the  walls  of  even  their  superficial  cells,  substances  which  are  insoluble 
in  pure  water,  presents  itself  in  an  extremely  evident  manner,  as  I  was  the  first  to  show, 
when  polished  plates  of  marble,  dolomite,  or  osteolite  {calcium  phosphate)  are  covered 
with  sand  to  the  depth  of  a  few  inches,  and  seeds  are  then  sown  in  the  sand.  The  roots 
which  strike  downwards  soon  meet  the  polished  surface  of  the  mineral  and  grow  upon 
and  in  close  contact  with  it.  After  a  few  davs  an  impression  of  the  root -system  is  found 
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take  place  more  largely  the  more  easily  it  is  enabled  to  take  it  up. 


'  For  a  more  detailed  account  see  the  Handbook  of  Experimental  Physiology,  1865,  p. 
189. 

'  [Messrs.  [.awes  and  Gilbert's  long  series  of  experiments  on  this  subject  are  of  especial  value. 
(See  Journ.  Roy.  Agrie.  Soc.  vol.  VIII.  p,  496  il  seg.,  1847 ;  Jnum.  Chem.  Soc.  vol.  X.  p.  1,  iSs7 ; 
Report  Brit,  Assoc.  1861  and  1867.)  Their  latest  publication,  'Report  of  Experiments  on  the  growth 
of  Barley  for  twenty  years  in  succession  on  the  same  land  '  (Joum.  Roy.  Agric.  Soc.,  second  series, 
vol.  IX)  contains  much  informstioti  as  to  the  power  possessed  by  plants  of  extracting  different 
substances  from  the  soil.] 
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Sect.  5. — Aeslmilation  and  Metastasis  (Stoffwechsel) '.  The  food-materials 
absorbed  by  the  plant  are,  with  a  few  exceptions,  compounds  of  oxygen  containing 
the  highest  possible  proportion  of  that  element.  The  assimilated  substances,  on 
the  contrary,  which  form  the  greater  part  of  the  dried  substance  contain  but 
little  oxygen,  some  even  none  at  all.  It  follows  from  this  that  assimilation  must 
be  a  process  of  deoxidation.  The  transformation  of  food- materials  containing  a 
large  proportion  into  the  substance  of  plants  containing  but  litUe  oxygen  must 
necessarily  be  accompanied  by  elimination  of  that  element ;  and  since  we  already 
know  that  this  takes  place  only  in  cells  containing  chlorophyll  and  under  the  in- 
fluence of  sunlight,  we  have  at  once  the  locality,  the  conditions,  and  the  time  of 
the  assimilation  thus  determined.  No  organs  which  are  destitute  of  chlorophyll 
can  assimilate ;  and  in  the  dark  or  when  the  amount  of  light  is  small,  even  those 
assimilating  organs  which  contain  chlorophyll  lose  the  power  of  producing  organic 
substances  out  of  water  and  carbon  dioxide  with  the  assistance  of  other  food- 
materials, —a  process  to  which  we  shall  henceforward  exclusively  apply  the  term 
Assi'mt'laiiim. 

The  products  of  assimilation  of  the  cells  containing  chlorophyll  may  undergo 
various  kinds  of  chemical  metamorphosis  either  in  these  cells  themselves  or  after 
passing  into  other  organs  ;  and  the  aggregate  of  these  processes  may  be  distin- 
guished from  assimilation  as  Metastasis.  It  is  important  to  bear  clearly  in  mind  the 
difference  between  these  two  processes,  both  in  respect  to  their  external  conditions 
and  to  their  results,  the  following  being  the  chief  points;— (i)  Assimilation  takes 
place  only  in  those  organs  that  contain  chlorophyll ;  metastasis  in  all  alike.  (2) 
Assimilation  occurs  onl}  under  the  influence  of  light  metastasis  equally  well  in  the 
dark  (3)  Assimilation  is  necessarily  accompanied  bj  the  ehmmation  of  a  large 
quanntj  of  oxjgen,  metastasis  is  usu-Ulv  connected  with  the  absorption  of  small 
quantities  of  ovjgen  and  the  exhalation  of  '.mall  quantities  of  carbon  dio'^ide 
(4)  Assimilation  increases  the  dry  weight  of  a  plant,  metastasis  onlv  alters  the 
nature  of  the  assimilated  materials,  and  these  usually  suffer  a  diminution  of  their 
mass,  the  destruction  of  a  part  of  the  assimilated  organic  compounds  being  neces 
sanly  associated  with  the  mhilation  of  ox}gen  and  exhalation  of  carbon  dioxide 
necessary  for  metastasis  (5)  The  increase  in  weight  of  a  plant  which  contuns 
chlorophjil  depends  on  the  iccession  of  assimilated  substance  in  the  organs  that 
contain  the  chloroph>ll  being  greater  dunng  the  time  that  they  are  espo'ied  to 
hght  than  the  loss  in  the  dry  weight  connected  with  the  exhalation  of  carbon 
dioxide  accompanying  metastasis  in  all  the  01  gins  and  at  all  times  of  vegetation 
(6)  Organs  containing  no  chluroph\  II  ind  plants  entirely  destitute  of  it  {parasites  and 
saprophytes)  do  not  assimilate  but  absorb  substances  already  assimilated ;  no  pro- 
cess takes  place  in  them  except  metastasis;  and  since  this  is  associated  with  in- 
halation of  oxygen  and  exhalation  of  carbon  dioxide,  they  decrease  the  entire  store 
of  assimilated  substances. 

Growth,  /'.  e.  the  formation  and  enlargement  of  celts,  always  takes  place  at 
the  expense  of  substances  already  assimilated ;  and  these  therefore  must  be  subject 
to  continual  chemical  change. 
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Growth  is  only  possible  as  a  result  of  assimilation;  but  the  two  processes 
do  not  usually  concur  either  in  time  or  locality.  The  assimilated  substances  may 
remain  in  the  plant  for  a  longer  or  shorter  time  without  becoming  employed  in 
the  growth  of  cell -walls  or  in  the  production  of  protoplasmic  substances 
(protoplasm  or  ch lorophy II- granule s) ;  and  in  this  case  they  are  termed  Rescrve- 
maUrials.  Every  cell,  tissue,  or  organ  in  which  assimilated  substances  are  stored 
up  for  subsequent  use  is  called  a  Reservoir  of  Reserve-material.  The  assimilating 
cell  may  itself  serve  as  a  reservoir  for  reserve-material  (as  unicellular  Algce  or  the 
leaves  of  evergreen  plants) ;  but  usually  a  physiological  division  of  labour  is 
effected  in  the  plant  of  such  a  nature  as  to  transfer  the  products  of  assimi- 
lation from  the  organs  that  contain  chlorophyll  to  other  organs  or  masses  of 
tissue  which  serve  as  reservoirs  of  the  re  serve -material  and  give  it  up  to  the 
parts  destined  for  the  formation  of  new  organs  (buds,  the  rudiments  of  roots,  or 
cambium).  In  Mosses,  Vascular  Cryptogams,  and  woody  Phanerogams,  the  tissue 
of  the  stem  is  usually  also  the  reservoir  for  this  purpose ;  in  perennial  herbs  and 
shrubs  it  is  more  often  the  persistent  bulbs,  tubers,  and  rhizomes  that  perform 
this  function.  The  spores  of  Cryptogams  which  have  the  power  of  germination 
always  contain  a  small  quantity  of  reserve -material,  at  the  expense  of  which  the 
first  processes  of  germination  take  place ;  in  Rhizocarpea  and  Ligulatas  the  whole 
of  the  prothallium  and  embryo  is  produced  in  this  manner.  The  seeds  of  Phanero- 
gams remove  much  greater  quantities  of  reserve-material  from  the  mother-plant, 
■which  are  accumulated  either  in  the  endosperm  or  in  the  cotyledons ;  the  greater 
the  quantity  of  this  reserve-material  the  more  numerous  and  the  larger  are  the  stems, 
roots,  and  leaves  which  the  seedling  can  produce  before  it  begins  to  assimilate. 
The  minute  seedlings,  for  instance,  of  Nicoliana  and  Campanula  may  be  contrasted 
with  the  strong  ones  of  the  Bean,  Almond,  Oak,  &c.  Since  no  assimilation  takes 
place  in  the  dark,  it  is  only  necessary  to  allow  seeds,  tubers,  bulbs,  rhizomes,  &c. 
to  germinate  and  deveiope  in  the  dark  in  order  to  form  an'  idea  of  the  number 
and  size  of  the  organs  which  can  be  formed  from  the  reserve-material. 

Since  the  organs  of  assimilation  which  contain  chlorophyll  are  usually  at  a 
distance  from  the  reservoirs  of  reserve -material  and  from  the  growing  buds  and 
roots,  the  products  of  assimilation  have  to  be  conveyed  to  the  localities  where 
they  are  required  and  where  they  are  temporarily  deposited.  Growth  and  the 
deposition  of  reserve -material  are  therefore  necessarily  associated  with  corre- 
sponding movements  of  the  products  of  assimilation  and  of  those  undergoing 
metastasis. 

All  these  statements  may  be  proved  without  any  more  accurate  knowledge  of 
the  substances  themselves  which  are  produced  by  assimilation  in  the  cells  that 
contain  chlorophyll  and  which  undergo  metastasis.  But  before  entering  on  this 
question,  we  may  first  of  all  discuss  the  other : — whether  all  the  products  of  me- 
tastasis are  immediately  applicable  to  the  building  up  of  new  organs ;  and  if  not, 
what  substances  furnish  the  material  for  the  production  of  cell-walls,  protoplasm, 
and  chlorophyll -granules.  Among  the  extraordinarily  large  number  of  the  pro- 
ducts of  metastasis  which  are  proved  by  chemical  analysis  to  exist  in  various  plants, 
there  is  a  comparatively  small  number  of  substances  the  behaviour  of  which  in 
the  growth  of  the  organs  and  whose  universal  distribution  through  the  vegetable 
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kingdom  clearly  show  that  they  furnish  the  material  for  the  growth  of  cell-walls 
and  of  Other  organised  structures.  These  substances  may  be  termed,  without  ■ 
reference  to  their  chemical  nature,  Formative  Materials.  Starch,  the  different  kinds 
of  sugar,  inulin,  and  the  fats  must  be  considered  the  formative  materials  of  the 
cell-wall ;  the  albuminoids  the  formative  materials  of  protoplasm  and  of  the  chlo- 
rophyll-granules. 

Among  the  remaining  products  of  metastasis  are  some  which  stand  in  genetic 
relation  to  the  production  of  sugar ;  the  glucosides,  to  which  also  belong  certain 
tannin-substances.  Asparagin  is  formed  at  the  expense  of  the  albuminoids  con- 
tained in  the  reser\'oirs  of  reserve -materials,  and  is  afterwards  again  used  in  the 
formation  of  albuminoids  in  the  young  oi^ans. 

All  those  organic  compounds  may  be  termed  Degradalion-Prodttcls  which  are 
produced  by  subsequent  change  in  the  substance  of  the  organised  structures  of 
plants,  and  which  have  no  further  use  in  the  building  up  of  new  cell-walls  or  proto- 
plasmic structures.  Thus  bassorin  is  a  degradation -product  of  cell-walls,  as  also  is 
the  mucilage  of  quince  and  linseed ;  the  substances  which  cause  ilgnilication,  suber- 
isation,  or  cuticularisation-  are  also  probably  the  result  of  a  partial  degradation  of 
the  cellulose  of  the  cell-walls.  A  residue  of  the  protoplasm  of  older  parenchy- 
matous cells  often  remains  until  they  entirely  die  away,  and  may  also  be  considered 
a  degradation-product.  In  the  'same  manner  a  small  residue  of  the  chlorophyll- 
gianuies  of  leaves  which  die  in  the  autumn  remains  over  in  the  form  of  minute  yellow 
granules  which  have  no  further  use.  The  red  and  yellow  granules  also  which 
cause  the  colour  of  ripe  fruits  and  of  the  antheridia  of  Characese  and  Mosses  result 
from  the  degradation  of  chlorophyll-granules,  and  have  no  further  physiologico- 
chemica!  use. 

Those  substances  may  be  termed  Secondary  Products  of  Metastasis  which  are 
formed  during  this  process,  but  have  no  further  use  in  the  building  up  of  new 
cells,  remaining  inactive  at  the  place  where  they  are  produced.  Thus  in  the 
germination  of  many  seeds  (the  Date,  Ricinus,  Phaseolus,  Faba,  &c.)  tannin-like 
compounds  are  formed  in  particular  cells,  and  in  many  cases  red  colouring  sub- 
stances which,  without  undergoing  any  perceptible  change,  remain  in  these  cells, 
while  the  rest  of  the  substances  of  the  seedling  go  through  the  most  various  chemical 
transformations  and  changes  of  place  in  the  course  of  its  growth.  The  same  is  the 
case  with  the  essential  oils  in  the  glands  of  leaves,  of  caoutchouc  in  the  laticiferous 
vessels,  of  resin  and  resin-forming  substances  in  the  resin-passages,  and  of  the 
gummy  compounds  contained  in  the  gum-passages  of  many  plants.  In  this  category 
may  also  be  included  the  greater  number  of  vegetable  acids  and  many  alkaloids. 
No  interpretation  has  yet  been  given  of  the  function  of  these  substances  in  the 
internal  economy  of  the  plant;  in  the  case  of  calcium  oxalate  Holzner's  theory 
has  already  been  mentioned  that  it  is  formed  as  a  secondary  product  when  the 
sulphuric  acid  combined  with  the  calcium  is  replaced  by  oxalic  acid ;  and  that  the 
free  sulphuric  acid  then  undergoes  various  further  decompositions,  while  the  base 
of  the  salt  remains  unused  and  inactive  in  combination  with  the  oxalic  acid  pro- 
duced as  a  secondary  product,  as  calcium  oxalate  in  the  crystalline  form.  Among 
colouring  substances  no  relation  to  the  chemical  processes  which  proceed  in  the 
plant  has  been  traced  except  in  the  case  of  the  green  colouring  substance  of  chloro- 
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taries, which  are  of  service  to  the  plant  only  so  far  as  they  attract  insects  which  thus 
bring  about  the  conveyance  of  the  pollen  to  the  stigma.  For  a  similar  purpose  a 
portion  of  the  tissue  of  the  anthers  of  Orchids  is  transformed  into  a  viscid  glutinous 
substance  by  which  the  poUinia  become  attached  to  the  proboscis  of  ii>sects.  Thus 
again  the  sapid  and  nutritious  substances  which  constitute  the  pericarps  of  some 
fruits  are  of  no  direct  use  for  the  growth  of  the  seeds,  but  cause  their  dissemi- 
nation by  animals  which  feed  on  the  fruits  and  thus  disperse  the  seeds. 

We  must  now  again  turn,  after  this  preliminary  explanation  of  the  various  parts 
played  by  the  products  of  metastasis  in  the  life  of  the  plant,  to  the  most  important 
group  of  organic  compounds,  those  which  have  been  distinguished  above  as  form- 
ative materials. 

The  determination  whether  any  chemical  compound  belongs  to  the  class  of 
formative  materials  of  the  cell-wall  and  protoplasmic  substances  depends  on  its 
behaviour  during  growth,  on  its  chemical  composition,  on  its  appearance  and  dis- 
appearance in  growing  cells  and  tissues,  and  on  its  chemical  relations  to  other 
substances,  especially  to  cellulose  and  to  protoplasmic  substances.  Spores,  seeds, 
bulbs,  tubers,  rhizomes,  the  persistent  parts  of  woody  plants,  and  other  reservoirs 
of  re  serve -material,  always  contain  chemical  compounds  belonging  to  two  different 
groups.  On  the  one  hand  nitrogenous  substances  are  always  present  in  the  form 
of  albuminoids  (often  several  different  ones  as  in  the  grains  of  cereals)  which 
scarcely  differ  chemically  from  protoplasm,  and  when  contained  in  the  succulent 
reservoirs  of  reserve-materials  preserve  even  the  form  of  protoplasm.  From  this 
similarity,  and  stilt  more  when  the  migration  and,  other  relations  of  these  sub- 
stances are  kept  in  view,  the  conclusion  must  be  drawn  that  we  have  in  them 
the  material  for  the  formation  of  protoplasm  in  the  newly-formed  organs.  On 
the  other  hand  all  these  reservoirs  of  reserve -mate  rial  contain  one  or  more  non- 
nitrogenous  substances  belonging  to  the  series  of  carbo-hydrates  and  oils.  In 
seeds  and  spores  there  is  generally  a  great  deal  of  oily  matter  and  little  or  no 
starch  ;  but  many  seeds  contain  on  the  other  hand  a  great  deal  of  starch  with  but 
little  oily  matter.  In  tubers,  many  bulbs,  rhizomes,  and  stems,  there  is  usually  much 
starch  stored  up  with  but  little  oily  matter ;  while  in  some  tubers  (as  the  Dahlia,  Arti- 
choke, &c.),  the  starch  is  replaced  by  inulin;  in  the  bulbs  ol  Allium  Cepa  by  a  sub- 
stance resembling  grape-sugar  ;  in  the  root  of  the  Beet  by  crysiallisable  cane-sugar. 
Small  admixtures  of  oily  matter  appear  to  be  never  absent,  and  In  some  cases, 
especially  in  many  seeds,  this  alone  is  present  without  any  carbo-hydrate  (as  the 
Almond,  Gourd,  Castor-oil  plant,  &c.). 

Together  with  albuminoids,  carbo-hydrates,  and  oils,  a  variety  of  other  com- 
pounds may  also  occur  in  the  reservoirs  of  reserve- materia  I ;  but  the  limitation  of 
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substances  of  this  kind  to  particular  species  of  plants  shows  that  they  are  not 
of  the  same  significance  as  the  former.  They  may  be  of  great  importance  for 
the  growth  of  the  species;  but  more  accurate  knowledge  is  still  wanted  in  all 
cases. 

Since  seeds,  tubers,  and  other  parts  of  plants  that  are  filled  with  re  serve -material 
can  be  made  to  unfold  buds,  to  put  out  roots,  and  even  to  form  flowers  and  the 
rudiments  of  fruits  by  supplying  them  with  pure  water  and  oxygenated  air  when  the 
conditions  for  assimilation  {chlorophyll  and  sunlight)  are  absent,  it  follows  that  the 
substances  stored  up  in  these  reservoirs  furnish  the  material  for  the  growth  of  the 
new  leaves,  roots,  and  flowers.  The  reservoirs  are  therefore  emptied  in  proportion 
as  the  growth  of  the  new  organs  progresses;  and  when  finally  they  become  com- 
pletely empty,  all  further  growth  ceases,  if  sunlight  and  chlorophyll  do  not  cooperate 
to  produce  new  formative  material  by  assimilation.  It  is  moreover  easy  to  follow  the 
reserve-materials  by  means  of  micro -chemical  reactions  in  their  course  from  the 
reservoirs  through  the  conducting  tissues  to  the  growing  organs,  and  to  recognise 
their  relation  to  the  growth  of  particular  tissues.  A  close  study  leads  first  of  all  to- 
the  conclusion  that  the  albuminoids  contained  in  the  reservoirs  of  reserve-material 
reappear  as  such  in  the  protoplasm  of  the  newly-formed  organs,  having,  independ- 
ently of  temporary  qualitative  changes,  only  altered  their  position.  On  the  other 
hand  it  shows  that  the  oily  matter  and  the  carbo-hydrates  which  had  accumulated  in 
the  reservoirs  finally  entirely  disappear  as  such  or  leave  only  a  small  residue  (oil)  ; 
while  in  their  place  a  mass  of  new  cell-walls  is  formed  which  were  not  in  existence 
before ;  and  the  material  for  the  construction  of  these  can  only  have  been  derived, 
under  the  given  conditions,  from  the  carbo-hydrates,  or,  when  these  are  absent,  from 
the  oily  matter  which  has  now  disappeared.  If  we  thus  come  to  the  conclusion  that 
starch,  sugar,-  inulin,  and  oil  are  the  substances  from  which  are  formed  the  cell-walla 
of  plants,  at  all  events  in  so  far  as  they  are  nourished  from  a  reservoir  of  reserve- 
material,  it  by  no  means  follows  from  this  that  the  whole  of  the  store  is  used  up 
entirely  in  the  production  of  cellulose ;  on  the  contrary  a  variety  of  other  substances 
are  formed  during  growth,  such  as  vegetable  acids,  tannin,  colouring-matters,  &c., 
which  are  probably  also  derived  from  the  same  non-nitrogenous  re  serve -materials. 
A  part  of  the  non-nitrogenous  substance  is  also  entirely  destroyed  and  converted  into 
carbon  dioxide  and  water,  a  process  which  may  cause  a  loss  of  40  or  even  50  per 
cent,  of  the  weight  of  the  organic  substance  of  those  seeds  which  germinate  in  the 
dark. 

If  the  reserve-materials  stored  up  in  different  seeds,  tubers,  bulbs,  &c.  are 
compared,  it  is  seen  that  starch,  the  various  kinds  of  sugar,  inulin,  and  oil,  are 
of  the  same  physiological  value  with  regard  to  their  most  important  purpose,  viz, 
the  formation  of  new  organs  ;  inasmuch  as  these  substances  can  replace  one  another. 
Thus  the  cell-walls  of  the  embryo  of  Allium  Cepa  are  formed  at  the  expense  of 
the  oily  matter  of  the  endosperm ;  but  the  cell-walls  of  the  leaves  and  roots  which 
grow  from  the  bulbs  evidently  obtain  their  formative  material  from  the  glucose-like 
substance  which  fills  the  bulb-scales  in  a  state  of  solution.  In  the  Beet  cane- 
sugar  is  stored  up  for  the  same  purpose,  inulin  in  the  tubers  of  the  Dahlia,  and 
starch  in  the  tubers  of  the  Potato,  the  bulbs  of  the  Tulip,  &c. ;  and  these  are 
subsequently  consumed.    But  in  most  seeds  all  these  carbo-hydrates  are  replaced 
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found  in  the  conducting  tissues  and  growing  organs  of  seedlings  and  young  roots — 
which  we  already  know  must  necessarily  be  produced  from  the  former,  because  there 
is  no  other  material  which  can  produce  them — it  is  seen  that  these  re  serve -materials 
must  undergo  repeated  Metamurphosis  while  they  are  being  conveyed  to  the  growing 
organs  and  are  being  consumed  in  the  process  of  growth,  and  before  the  permanent 
form  of  cellulose  has  been  attained.  Thus  sugar  and  starch  are  found  temporarily 
in  all  oily  seeds  during  germination,  and  are  often  accumulated  in  great  quantities, 
disappearing  when  germination  is  completed.  In  proportion  as  they  are  formed  the 
amount  of  the  original  oil  decreases  ;  and  in  proportion  as  they  again  disappear  the 
quantity  of  cellulose  in  the  cell-walls  increases.  In  other  cases  starch  is  conveyed 
from  reservoirs  of  reserve-material  to  the  growing  organs,  sugar  being  at  the  same 
time  formed^;  and  fine-grained  starch  is  again  temporarily  formed  in  the  growing 
tissues  themselves,  disappearing  once  more  with  the  growth  of  the  cell-walls.  This 
temporary  formation  of  starch  in  the  growing  tissues  themselves  is  an  extremely 
common  phenomenon,  whether  the  reservoirs  of  reserve-material  were  filled  with 
oily  matter,  inulin,  sugar,  starch,  or  cellulose.  This  transitory  starch  appears  in  the 
cells  of  the  parenchyma  and  epidermis  of  young  organs  (only  rarely  in  those  of  the 
fibro-vascular  bundles)  after  they  have  become  differentiated  from  the  primary  meri- 
stem ;  and  disappears  when  the  final  elongation  of  the  organs  is  completed,  generally 
becoming  transformed  into  sugar  (glucose),  which  in  its  turn  speedily  disappears. 

Transitory  metamorphoses  also  take  place  when  the  albuminoids  stored  up  in 
the  reservoirs  of  reserve -materials  are  being  transported  and  consumed '^j  although 
these  metamorphoses  cannot  be  followed  by  micro- chemical  observations,  as  in  the 

'  [The  conversion  of  starch  into  sugar  is  effected  by  means  of  unorganised  ferments;  some  of 
these  have  long  been  Itnown,  such  as  Emulsin  (in  Almonds).  Diastase  [in  Barley),  Myrosin  (in  Black 
Mustard  seeds).  More  recently  they  hare  been  detected  in  various  plants  and  parts  o/  plants  by 
KoBsmann  (Joum,  Pharm.  Chem.  (4)  ai)  and  by  Krauch  (Landwirthsch.  Versuchsstat.  13).  Von 
Gorup-Besancz  has  found  ferments  of  this  kind  in  the  germinating  seeds  of  Vetches,  Hemp  and  Fiax, 
which  have  also  a  peptic  action  (see  in/ra};] 

'  [The  first  stage  in  the  metamorphosis  of  the  reserve-proteids  is,  doubtless,  their  conversion 
into  peptones,  into  proteid  substances,  that  is,  which  are  readily  soluble  in  vrater  and  which  diffuse 
rapidly.  This  is  effected  by  the  action  of  unoiganised  ferments.  These  bodies  have  been  found  in 
geiminating  seeds  (v.  Gorup-Besanez  and  Will)  and  in  the  secretion  of  '  carnivorous '  plants  such  as 
Nepenthes,  Drosera,  and  Dorlingtania,  Recently  a  very  active  peptic  ferment  has  been  found  in  the 
green  fruits  of  Carica  Papaya  (Wijrtz  and  Bouchet,  Le  Papain,  Comptes  rendus,  torn.  89,  po,  and  91). 

A  good  risnme  of  our  knowledge  on  the  action  and  distribution  of  unorganised  ferments  in  plants 
is  given  in  the  second  eilition  (1882)  of  Husemann's  PflanzenstolTe,  I.  p.  237.] 
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case  of  the  oils  and  carbo-hydrates.  Thus  a  portion  of  the  casein  in  the  cotyledons 
of  LeguminosEe  passes  over  into  albumin  during  germination ;  the  insoluble  pro te ids 
in  the  endosperm  of  Wheat  are  dissolved  and  carried  up  into  the  seedling  plant. 
The  albuminoids  contained  in  seeds  appear  to  be  subject  during  germination  to  Still 
more  complete  decompositions.  The  asparagin  which  occurs  temporarily  in  parts 
of  the  embryo  can  only  be  formed  by  partial  decomposition  of  iJie  albuminoids  ^ 
,  It  appears  however  that  these  products  of  the  decomposition  of  the  albuminoids 
under  the  influence  of  the  energetic  oxidation  which  takes  place  in  the  germinating 
seed  are  used  in  the  formation  of  albuminoids  in  the  growing  parts  of  the  embryo. 

The  preceding  remarks  refer  to  the  processes  of  growth  which  are  associated 
with  the  consumption  of  the  substances  stored  up  in  the  reservoirs  of  reserve- 
material.  If  those  plants  are  now  examined  in  a  similar  manner  whose  reserve  food- 
material  has  been  consumed,  whose  green  leaves  have  begun  to  assimilate  under  the 
influence  of  light,  and  which  are  forming  the  substances  necessary  for  the  growth 
of  their  buds,  roots,  &c.,  the  same  substances  are  found  similarly  distributed  through 
the  conducting  tissues  of  the  internodes  and  the  petioles  and  veins  of  the  leaves  as 
far  as  the  buds  and  apices  of  the  roots,  and  subject  to  the  same  metamorphoses  as 
in  the  seedlings.  It  follows  that  the  assimilating  ot^Mis  which  contain  chlorophyU 
perform  the  same  function  for  the  growing  parts  of  the  mature  plant  that  the  reser- 
voirs of  reserve -material  do  for  the  seedling ;  but  with  this  difference,  that  the  former 
produce  the  formative  materials  afresh,  while  in  the  latter  they  are  not  formed  but 
only  stored  up. 

The  organic  compounds  originally  formed  in  the  cells  containing  chlorophyll 
by  the  decomposition  of  carbon  dioxide  and  water  under  the  influence  of  light  are 
generally  carbo-hydrates.  The  most  common  of  these  is  starch ;  sugar  occurs  less 
often  ;  oily  matter  perhaps  occasionally.  It  has  been  shown  (p.  46)  that  the  starch 
which  so  commonly  occurs  in  the  chlorophyll-granules  of  plants  that  vegetate  under  . 
normal  conditions  can  only  be  produced  when  the  plant  is  subject  to  the  well- 
known  conditions  of  assimilation,  i.  e,  when  it  decomposes  carbon  dioxide  and  water 
under  the  influence  of  sunlight.  Seedlings  which  have  completely  exhausted  their 
supply  of  reserve-materials  by  growth  in  the  dark,  and  are  afterwards  exposed  to  the 
action  of  light,  do  not  till  then  develope  their  chlorophyll.  The  first  grains  of  starch 
which  are  found  a  little  later  in  the  plant  are  those  enclosed  in  the  chlorophyll- 
granules,  and  are  at  first  small,  but  gradually  grow  larger.  It  is  only  afterwards  that 
starch  is  found  also  in  the  conducting  tissues  of  the  internodes  and  leaf-stalks  up  to 
the  buds,  which  then  begin  to  grow  anew.  It  has  been  shown  further  that  this 
starch  which  is  formed  in  the  chlorophyll- granules  disappears  in  the  dark ;  i.e.  be- 
comes dissolved  and  transferred  to  the  conducting  tissues.  In  Allium  Cepa  the 
chlorophyll  forms  no  starch  ;  but  a  substance  similar  to  grape-sugar  is  found  in 
large  quantities  in  the  green  leaves,  and  is  distributed  through  all  the  tissues  of  the 
plant ;  it  is  still  uncertain  whether  or  not  mannite  is  formed  in  a  similar  manner  in 
the  leaves  of  the  Olive.    Where  drops  of  oil  are  found  in  the  chlorophyll,  they  appear 

'  According  to  Hossens,  ammonia  is  also  formed  during  germination ;  and  Borscow  mainlaina 
that  ammonia  is  set  free  during  the  vegelation  of  Fungi  (Melanges  biol.  (ir^s  du  Bullet,  de  I'Acad. 
imp.  des  Sci.  Nat.  Petersbourg,  vol,  VII,  186S).  This  is  however  denied  'by  Wolf  and  Zimmermann 
(Bot.  Zeitg.  1871,  nos.  iS,  19).     For  a  further  account  of  Asparagin  see  the  appendix  to  this  section. 
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to  be  formed  at  the  expense  of  the  starch  which  has  been  produced  there ;  this  con- 
clusion being  derived  especially  from  the  observation  of  what  takes  place  in  Spirogyra 
and  Cereus'. 

The  result  of  tracing  by  micro- chemical  observation  the  products  of  assimi- 
lation in  the  conducting  tissues  leads  once  more  to  the  conclusion  that  tbe  starch 
which  is  formed  in  the  cells  containing  chlorophyll  is  subject  to  a  variety  of 
chemical  metamorphoses  before  it  reaches  the  growing  tissues  and  the  reservoirs  of 
reserve -mate  rial.  Even  during  the  period  of  vegetation  the  substances  which  are 
conducted  to  the  young  parenchyma  of  growing  parts,  as  soon  as  this  has  been 
differentiated  from  the  primary  tissue,  give  rise  fo  the  formation  of  fine-grained 
starch  which  accumulates  there  temporarily,  and  disappears  with  the  final  and  rapid 
increase  in  size  of  the  cells.  Starch  and  other  substances  are  then  produced  afresh 
by  assimilation  in  the  fully  developed  leaves ;  and  starch  and  the  products  of  its 
transformation  again  appear  in  the  conducting  tissues,  not  to  be  consumed  there, 
but  only  to  be  conducted  to  the  still  younger  parts.  The  metamorphoses  of  the 
formative  materials  which  are  conveyed  from  the  assimilating  organs  to  the  re- 
servoirs of  reserve-material,  generally  show  a  reversed  order  of  succession  to  that 
which  takes  place  during  germination ;  the  starch  produced  in  the  leaves  is  trans- 
formed in  the  ieaf-stalks  of  growing  Beet  into  glucose,  from  which  crysEalUsable 
cane-sugar  is  formed  in  the  swollen  tuberous  roots  ;  in  the  Artichoke  the  starch  is 
converted  into  inulin  which  is  conducted  through  the  stem  to  the  underground 
tubers  ;  in  the  Potato,  the  mature  leaves  of  which  form  starch,  a  substance  similar 
to  glucose  is  chiefly  found  in  the  conducting  tissues,  which  is  conveyed  to  the 
growing  tubers,  and  there  evidently  forms  the  material  from  which  the  large 
masses  of  starch  are  formed.  In  ripening  fruits  and  seeds  a  large  quantity  of 
glucose  is  generally  found  which  disappears  from  the  seeds  when  they  become  ripe, 
starch  b     gf        d       h  f  \        Ji  h      I    fth 

endosp  dlfmdhj  flsah  hh 
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Algje;  b                       b            1 
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'  [Briosi,  states  (Bot,  Zeitg.  1873)  that  staich-grains  are  never  found  in  the  chlorophyll -granules 
ofMnsa  and  SlriUlzia,  but  that  drops  of  oil  are  present  instead.  His  observations  have  been  shown 
to  be  erroneous  by  von  Holle  and  Godlewsk!  (Flora,  1877).  l"ringsheim  (Ueb,  Lichtwirkung  und 
Chlorophyll  function,  Jahrb.  f.  wiss.  Bol.  XII,  1880)  enumerates  a  number  of  plants  in  which  oil 
is  present,  and  not  starch,  in  the  chlorophyll -granules ;  Vauckeria  sessitis,  Silaginella,  Cycas,  Slralioles 
aloidts,  Lilium  Marlagon,  Olea  airopaa,  Begaaia.  He  is  of  opinion  that  the  first  product  of 
assimilation  is  a  waxy  substance  to  which  he  gives  the  name  of  Hyfochiorin.'] 
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of  the  protoplasm  in  the  rapidly  multiplying  cells.  If  the  colourless  cells  of  yeast 
are  able  to  do  this,  it  may  be  inferred,  until  the  contrary  is  proved,  that  those  cells 
of  other  plants  which  do  not  contain  chlorophyll  can  also  produce  albuminoids,  if 
only  a  carbo-hydrate  or  oil  (or  both)  is  conveyed  to  them  from  the  leaves,  and  an 
ammonium-salt  or  a  nitrate  from  the  roots.  That  the  formation  of  albuminoids 
probably  takes  place  in  this  way  within  the  conducting  tissues  of  internodes  and 
petioles  may  be  concluded  from  the  deposition  of  calcium  oxalate  in  these  tissues ; 
since  in  the  formation  of  this  salt  sulphuric  acid  becomes  separated  from  the  calcium, 
and  its  sulphur  enters  into  the  chemical  formula  of  albuminoids  \ 

When  the  cells  of  the  leaves  become  emptied  of  their  contents  at  the  close 
of  the  period  of  vegetation,  and  the  deciduous  parts  die  off,  not  only  the  last  portion 
of  starch  which  was  formed  in  the  latter,  but  also  tlie  material  of  the  chlorophyll- 
granules,  is  itself  absorbed  and  conveyed  through  the  leaf-stalks  to  the  reservoirs  of 
reserve-material ;  all  the  serviceable  substances  contained  in  the  leaves  become  in- 
corporated in  the  permanent  organs.  The  leaves  change  colour;  a  small  quantity 
,  of  very  small  sbjnitig  yellow  granules  usually  remain  behind  in  the  cells  of  the 
mesophyll  as  a  residue  of  the  absorbed  chlorophyll-granules ;  and  the  leaves  which 
are  emptied  in  the  autumn  are  therefore  yellow.  If  they  are  red  this  is  in  con- 
sequence .of  a  red  sap  which  fills  the  cells  in  addition  to  the  chlorophyll-granules'^. 
Enormous  quantities  of  crystals  of  calcium  oxalate  often  remain  behind  in  the 
deciduous  leaves;  the  constituents  of  the  ash  which  are  serviceable  to  the  plant, 
especially  phosphoric  acid  and  potash,  are  conveyed  with  the  starch  and  the  proto- 
plasmic substances  to  the  persisting  parts;  so  that  the  falling  leaves  thus  consist 
only  of  a  skeleton  of  cell-walls  and  of  the  subsidiary  products  of  metastasis  which 
are  of  no  value  to  the  plant. 

The  direction  of  the  Transport  of  the  assimilated  substances  in  the  plant  is 
determined  by  the  fact  that  it  must  take  place  from  the  assimilating  organs  to 
the  growing  parts  and  to  the  reservoirs  of  reserve -material ;  while  at  the  com- 
mencement of  every  new  period  of  vegetation  its  direction  must  be  from  these 
reservoirs  to  the  growing  organs;  and  since  new  organs  are  usually  formed  above 
as  well  as  below  these  reservoirs  and  the  assimilating  leaves,  it  is  obvious  that 
ihe  movements  of  the  assimilated  substances  must  take  place  at  the  same  time  in 
opposite  directions. 

The  Conducting  Tissue  for  the  transport  of  the  formative  materials  consists, 
in  plants  with  differentiated  systems  of  tissue,  of  the  parenchjrma  and  the  thin- 
walled  cells  of  the  phloem  of  the  fibro -vascular  bundles.  By  the  parenchyma  of 
the  fundamental  tissue,  which  always  has  an  acid  reaction,  are  conveyed  the 
carbo-hydrates  and  oils;  by  the  soft  bast,  the  albuminoids  which  have  an  alkaline 
reaction.  Small  starch-grains  often  occur,  as  Briosi  has  recendy  shown,  in  the  pro- 
toplasm of  the  sieve-tubes ;  I  had  already  pointed  out  that  this  accompanied  the 
absorption  from  the  leaves  in  the  autumn  as  well  as  very  rapid  growth ",     Where 


'  See  Sachs,  Handbnch  der  Experimental-Physiologie,  p.  345. 

'  [On.  the  colouring  matter  of  ihe  leaves  in  autumn,  see  Sorby,  Quart.  Joum.  of  Science,  1S71, 
p.  64;  and  1873,  p.  215.] 

=  Briosi,  Bot.  Zeitg.  i8;3.  It  is  by  no  means  certain  that  the  occurrence  of  small  quantities  of 
slarih  in  the  sieve-lubes  demonstrated  by  Briosi,  and  the  possibility  of  their  passage  through  the 
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there  are  iaticiferous  vessels,  they  furnish  an  open  communication  between  all  the 
organs  of  the  plant ;  they  contain  albuminoids,  carbo-hydrates,  and  oils,  as  well  as 
the  secondary  products  of  metastasis,  as  caoutchouc  and  poisonous  substances,  the 
occurrence  of  which  does  not  affect  the  significance  here  attributed  to  the  Iaticiferous 
vessels ;  the  occurrence  of  products  of  decomposition  in  the  blood  does  not  prevent 
f   ra     g    d'  g  h   bl    d  I  g         h'  b  p  ' '        ub 
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pores  of  the  sieves,  warrants  the  view  that  the  sieve-tubes  are  conducting  organs  for  starch  in  the 
same  sense  that  they  are  for  albuminoids.     Tliese  small  quanlities  of  Sla    h  m  y  pa         t      h 
tubes  from  the  neighbouring  parenchyma,  to  be  used  there,  in  young  organ    a    pla        c  at  n  1  a 

older  organs,  to  take  part  in  the  formation  of  albuminoids.     It  may  be  that  these    ubsta     es  a  e 
formed  in  the  sieve-tubes  out  of  carbo-hydrates  and  nilrogenous  compo  nd         1  Iphat    b    ng 

decomposed  and  a  formation   of  crystals   of  calcic  oxalate  faking  pla        n  ti  11       u      und  ng 

the  phloem. 

'  Ste  also  Faivre,  Sur  le  latex  dn  murier  blanc ;  Ann.  d.  Sci.  Nat.  ser.  V.  t,  lo. 
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dl  dh  mul  fhhifh  ml 
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The  statements  here  compressed  mto  a  very  brief  space  rest,  on  a  series  of  detailed 
micro-chemical  and  experimental  researches  which  I  have  described  in  the  Botanische 
ZeiCung,  1859  and  1862-1865;  Pringsheim's  Jahrbiicher  fUr  wissenschaftliche  Botanilr, 
vol.  in.  p.  183  et  leq. ;  Flora,  1862,  pp.  129  and  289,  and  1863,  pp.  a  and  193  ;  and  have 
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presented  in  a  connected  form  in  the  section  on  the  Transformation  of  Food -materials  in 
my  Handbook  of  Experimental  Physiology^.  The  reader  will  there  find  the  reasons  for 
the  views  here  given  ;  and  a  few  examples  will  now  be  sufficient  to  render  somewhat 
clearer  the  general  statements  with  regard  to  metastasis  and  the  migration  of  the  assim- 
ilated substances.  In  Ihe  outset  It  must  be  stated  that  by  grape-sugar  or  simply  sugar 
I  understand  a  substance  soluble  in  the  cell-sap,  easily  reducing  copper  oxide,  and 
readily  soluble  In  strong  alcohol,  although  it  may  not  always  exactly  correspond  to  the 
grape-sugar  of  chemists,  a  point  which  is  of  but  little  importance  for  our  present 
purpose. 

I.  The  parenchyma  of  the  bulb-scales  of  the  Tulip  — i.f.  the  four  or  five  thick 
colourless  leaves  which  serve  as  reservoirs  of  reserve  material — contains,  as  long  as  the 
plant  is  dormant,  in  addition  to  considerable  quantities  of  albuminous  sul»stances,  a  very 
large  quantity  of  coarse-grained  starch.  The  presence  of  sugar  cannot  be  determined 
at  this  time  by  micro-chemical  processes.  As  soon  as  the  bud  of  the  leaf-  and  flower- 
stem  which  is  concealed  within  the  bulb,  but  which  had  already  been  formed  with  alt 
the  parts  of  the  flower  during  the  previous  summer,  begins  to  elongate  in  February, 
and  roots  make  their  appearance  from  the  base  of  the  bulb,  small  quantities  of  sugar 
are  found  with  the  starch  in  the  parenchyma  of  the  bulb-scales.  The  whole  of  the 
parenchyma  and  of  the  epidermis  of  the  leafy  stem,  of  the  young  foliage- leaves,  of 
the  perianth,  of  the  stamens,  and  of  the  carpels,  becomes  filled  with  fine-grained  starch, 
the  substance  of  which  h  1  dj  b  i  d  tr  th  b  lb  1  wh  th  t  h 
grains  have  become  tran  trmdt       g         hhdff  tthg  gg  d 

there,  as  far  as  it  is  not  d      tly  m  d     f,  ppl      m  t      1  t      th    t         t         t 

starch-grains. 

Together  with  its  co  pt  tt      g        th      t  first    I  f  tl  11       11     th 

temporary  re-formation     f    t      h    t  th         p  t  th  t         t        d        tl      b  lb        1 

continues  at  first  in  the  )        g      t         d      1  d  fl        ra      Th         II         I    g         d 

become  continually  mor    fill  1    p  w  tl   fi      £,ra     d    t     h  t  II  th    t  h      th    b  d 

comes  above  ground  (Fg  47  )     Th      f  11        th       pd      t  f  th      t  m     th 

leaves  expand,  and  the  fl  f  Id       W  th  th  d     bl        d  rap  d    n      as     n 

size  of  the  cells  accompanymg  this  untold  gthfi  gr  dt  hd  sappears  in  all 
these  parts,  sugar  being  temporarily  prod     ed      h    h  1  m   h      tl  t       1  for  the 

growth  of  the  cell-wall.  When  all  the  part  beg  d  f  lly  f  Id  d  the  cells, 
although  much  larger,  are  now  devoid  of    t      h      Th  po  d    g  1  hich   the 

bulb-scales  have  experienced  up  to  this  tin  1      ly  f    m    h    d  of  their 

starch-grains ;  they  may  be  found  in  all  si  g  f  bso  pt  n  The  t  g  ce  of  the 
bulb-scales  at  the  same  time  decreases,  and  th  y  bee  n  kl  d      b  t  th    formation 

of  sugar  in  them  still  continues  at  the  expe         f  th     t     h  i       th    p    ts    b 

ground  have  already  done  growing.    The  fi 

fact  still  another  use;    while  the  flower-sl    k  g 

uppermost  bulb-scale  begins  to  develope  bee  d  h 

previous  summer);    its  cataphjllarj   kaies  d  b  fi  d 

the  residue  of  the  starch  not  consumed  m    h    g  h    !1  d 

from  the  scales  of  the  mother-bulb  through  ase  h  g  b         F  g 

These  scales  become  gradually  entirely  en        d  h  gr  g 

.leaves  exposed  to  light  are  assimilatmg  an  g  h  gr 

the  new  bulb,  they  finally  wither  and  dr>    p       m  m  us  w  d 

of  assimilated  matters.     The  scales  of  th     m  b  m  mb      es 

'  The  researches  of  Schroder  [Jahrb   fur  wi.s  Sora  ce 

&c.  (collected  in  Hoffmann  and  Petcrb'  Annual  Keport  on  the 
for  1868  and  1869,  Berlin  i8?0  contain  fresh  confirmations  of  f 
Vries,  On  the  Germination  and  Growth  of  Seeds,  Tubers,  and  Roots  of  cultivated  Plants  (Clov 
Potato,  Beetroot)  in  Landwirthsch.  Jahtblicher,  vols,  6-8,  1877-79.] 
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■which  serve  to  protect  the  new  bulb;  the  inflorescence  subsequently  dies  down.  The 
reserve-materials  which  accumulate  in  the  daughter- bulbs  are  partly  derived  from  those 
of  the  mother-bulb ;  but  are  completed  by  the  products  of  assimilation  of  the  green 
leaves  of  the  fiower-stalk.  When  the  flower-stalk  has  also  died  down,  nothing  remains 
of  the  whole  plant  but  the  bud  which  has  developed  into  a  new  bulb.  For  a  time  it 
does  not  put  out  any  new  organs,  but  is  apparently  dormant;  but  in  the  interior  the 
end  of  the  stem  continues  to  grow  slowly,  and  produces  new  rudiments  of  leaves  and  the 


flower-bud  for  the  nest  year;  when  the 

80  for  we  have  only  pointed  out  the  rela- 
tion of  the  starch  and  of  the  sugar  produced 
from  it  to  the  growth  of  the  plant ;  there  are 
formed  however  along  with  it,  and  probably 
likewise  at  the  expense  of  these  carbo-hydrates, 
other  substances,  such  as  the  colouring  matter 
of  flowers,  the  oil  in  the  pollen-grains,  &c. 
The  albuminoids  at  first  contained  in  the  bulb- 
scales  become  transported  to  a  distance  from 
them,  and  furnish  the  material  for  the  forma- 
tion of  the  protoplasm  in  the  young  cells  of 
the  growing  flower-stalk;  a  large  part  is  evi- 
dently employed  in  producing  the  chlorophyll- 
granules  in  the  foliage-leaves  as  they  become 
green.  Their  function  is  now  to  produce  at 
least  as  much  formative  material  by  assimila- 
tion as  is  required  to  build  up  the  transitory 
inflorescence  and  to  supply  the  bulb. 

2,  The  ripe  seed  of  RUinus  cammunls  con- 
tains a  very  small  embryo  in  the  middle  of 
a  very  large  endosperm ;  neither  contains 
starch,  sugar,  nor  any  other  carbo-hydrate, 
if  we  exclude  the  very  small  amount  in  weight 
of  the  cellulose  of  the  thin  cell-walls.  The 
reserve  food-material  consists  of  a  great  quan- 
tity of  oil  (as  much  as  60  per  cent)  and  albu- 
minoids, the  admixture  and  composition  of 
which  have  already  been  described  on  p.  53, 
The  very  small  quantity  of  these  substances 
contained  in  the  embryo  wonld  only  suffice 
for  the  first  and  very  inconsiderable  develop- 
ment of  the  seedling;  its  enormous  increase 
in  size  during  germination  must  therefore 
be  attributed  almost  entirely  to  the  sub- 
stances deposited  in  the  endosperm.  The 
endosperm  of  Ricinai  enlarges  very  consider- 
bly    as  M  hi  first     h        d    d     *  g  g    m' 


process  now  described  is  repeated. 
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endosperm  winch  n.  then  completely    mpt   d      d      d      d  t       th 
Tlie>  now  rise  above  the  ground,  b  p      1  d  t     tl      1    ht 

to  grow  rapidly  and  become  fcreen,      d  f  th     p        d 

In  this  case,  as  m  the  germmat  t     11      Ij        d 

here  in  the  parench)ma  of  (lerj  g  g  p  rt  d     pp 

growth  ot  the  masses  of  tissue  co  d  has  b 

grows  also  independent  iy,  starch  ad      g 
temporarily  produced  in  it      The       tjl  d  pp 

the  endosperm,  whence  it  i^  distrib  t  d      t     th     p 
portion  of  the  stem  and  of  the  root   se  th    g 

formition  of  staich  and  sugar,  wl  h  th  p  rt 
duction  of  cellulose  In  these  pro  es  f  g  th  t 
no  further  use,  but  remdins  in  isol  t  d      lis,  wh 


1,         d    t      h         p  od 
g  f    m  th  Iy    h      tl 

pi  t  d     S         th        dosp 
d  th  th    g         II 

tl>    b     b  th       I  as       h      t 
hy  f  th     hjpo     t)l  d 

g  t  m  t  n  I  f     tl 

nly  p  rs        th     p 

Iso  f  rm  d  wh    h 
llects    pp        tly        h    g 


until  germination  is  completed.  If  can  scarcely  be  doubted  that  the  material  for  the 
formation  of  this  tannin  is  also  derived  from  the  oil  of  the  endosperm,  although  perhaps 
only  after  a  series  of  metamorphoses.  The  absorption  of  OKygen,  which  is  an  essential 
accompaniment  of  every  process  of  growth  and  especially  of  germination,  has  in  this 
case,  as  in  that  of  all  oily  seeds,  an  additional  significance,  inasmuch  as  the  formation  of 
carbo-hydrates  at  the  expense  of  the  oil  involves  the  appropriation  of  oxygen. 

Since  the  metamorphoses  of  material  proceed  fori  paiiu  with  the  growth  of  the 
separate  parts,  the  distribution  of  the  products  of  metastasis  through  the  tissues  is 
continually  changing,  and  can  only  be  understood  by  a  consideration  of  all  the  sur- 
rounding circumstances.  The  micro- chemical  investigation  of  seedlings  in  the  state 
represented  in  Fig.  471  I^i  gives,  for  instance,  the  following  result:  —  in  the  endo- 
sperm is  found  a  great  deal  of  oil  and  a  little  starch,  with  sugar  at  the  outside;  the 
epidermis  and  parenchyma  of  the  slowly  growing  cotyledons  are  filled  with  drops  of 
oil ;  a  large  number  of  the  epidermal  cells  contain  tannin ;  starch-granules  are  found 
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Th     lb  ra       d   wh   h  f  pec  1        nd     t      te  a  mixture  with  the  oil  in  the 

ripe  seed,  and  which  are  partially  contained  in  the  aleu rone- grains  of  the  endosperm  in 
the  form  of  crystalloids,  are,  during  the  processes  which  have  been  described,  transferred 
to  the  embryo,  where  they  produce  the  protoplasm.  During  the  whole  of  the  period 
of  germination  the  cells  of  the  fib ro- vascular  bundles  are  found  to  be  densely  filled  with 
albuminous  substances,  subsequently  only  those  of  the  phloem;  these  substances  are 
evidently  in  motion  toward  the  apices  of  the  roots  where  new  cells  are  continually 
being  formed.  Every  young  rudiment  of  a  lateral  root  behaves  to  reagents  as  an 
accumulation  of  albuminous  substance  on  the  side  of  the  fibre- vascular  bundles  of  the 
primary  root.  But  a  very  considerable  portion  of  this  material  remains  in  the  upper 
part  of  the  stem  of  the  seedling  where  new  leaves  are  formed,  and  a  still  larger  portion 
in  the  cotyledons  themselves,  where  it  furnishes  the  material  for  the  formation  of  the 
numerous  chlorophyll-granules. 

After  the  consumption  of  the  reserve-material  at  the  end  of  the  period  of  germi- 
nation, the  cells— with  the  exception  of  the  youngest  parts  of  the  buds  and  the  apices 
of  the  roots— are  destitute  of  any  formative  material;  although  it  has  grown  to  a 
large  size  and  contains  a  great  quantity  of  water,  the  dried  weight  of  the  plant  is 
very  small  and  even  less  than  that  of  the  seed,  because  a  portion  of  the  substance 
has  been  destroyed  In  the  process  of  respiration.  But  active  organs  have  been  formed 
from  the  earlier  inactive  store  of  material ;  the  roots  absorb  water  and  dissolved  food- 
material;  the  green  cotyledons  begin  to  assimilate;  they  produce  starch  in  their  chlo- 
rophyll ;  and  the  same  substance  is  subsequently  found  also  in  the  parenchyma  of  the 
petioles  and  in  the  stem  as  far  as  the  bud,  the  young  leaves  of  which  grow  from  the 
products  of  the  assimilation  of  the  chlorophyll.  At  first  the  unfolding  of  new  leaves 
and  the  increase  in  length  and  thickness  of  the  stem  and  roots  are  very  slow;  hut  the 
p      ty  f  k  poss        f  by  th    pi     t  ses  w  th        ry  f  eshly  d      1  p  d  1    f       d 

ywbsobgt  1  essdyt  pod  Igqtty 
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and  medullary  rays,  where  (this  is  not  the  case  in  the  chlorophyll)  it  is  always  accom- 
panied by  sugar ;  and  it  is  evidently  this  latter  substance  which  brings  about  the  dilTusion 
from  cell  to  cell,  and  at  the  same  time  furnishes  the  material  for  the  formation  of  new 
starch -grains.  The  sugar  is  the  migratory  product  which  tabes  part  in  the  diffusion ; 
the  starch-grains  aie  the  temporarily  stationary  product. 

The  distribution  of  starch  and  sugar  shows  moreover  that  they  move  from  the 
primary  stem  through  the  rachis  of  the  inflorescence  and  (he  pedicels  into  the  paren- 
chymatous tissues,  and  penetrate  into  the  young  tissue  of  the  fiower,  the  growing  fruit, 
and  the  ovules,  there  to  be  employed  in  the  production  of  cellulose.  The  distributed 
starch  collects  more  abundantly,  especially  in  the  immediate  neighbourhood  of  those 
layers  of  cells  which  afterwards  form  the  hard  endocarp  and  the  solid  testa  of  the  seed, 
in  consequence  of  its  being  required  here  in  greater  quantity,  disappearing  also  from 
them  after  the  complete  development  of  these  layers  of  tissue. 

The  sugar  and  starch  are  conveyed  through  the  funiculus  to  the  ovules;  they  are 
distributed  through  the  integuments  and  the  parts  surrounding  the  nucellus ;  and  a  large 
quantity  of  sugar  enters  the  growing  endosperm,  which  supplies  the  material  for  the 
formation  of  the  oil  which  gradually  accumulates,  while  fresh  supplies  of  sugar  are 
constantly  entering  from  without.  In  the  growing  embryo  the  cells  are  filled  at  a 
certain  period  with  fine-grained  starch,  which  then  entirely  disappears  and  is  replaced 
by  oil.  All  this  indicates  that  the  oil  of  the  ripe  seed  oi  BJcinus  is  produced  from  the 
starch  and  sugar  which  were  transported  to  it  from  the  assimilating  organs  (luring  the 
period  of  ripening ;  and  even  the  hard  woody  pericarp  and  the  testa  obtain  their  for- 
mative material  from  those  substances.  The  albuminoids  which  collect  also  in  the 
young  leaves  and  from  which  the  chlorophyll -granules  are  formed,  as  well  as  that 
portion  of  these  substances  which  accumulates  in  the  seed  as  reserve  food -mate  rial, 
are  transported  from  the  stem  by  the  sieve-tubes  and  the  cambiform  cells  of  the  fibro- 
vascular  bundles. 

3.  In  the  Leguminosfe '  a  very  important  part  in  the  transport  of  the  reserve  proteid 
substances  is  played  by  Asparagin.  To  demonstrate  this,  moderately  thin  sections  are 
placed  in  alcohol,  and  the  saturation  assisted  by  shaking.  This  mode  is  however  applic- 
able only  when  the  asparagin  is  abundant ;  when  it  is  present  in  small  quantities  it  can 
stiil  be  demonstrated  by  placing  a  thin  cover-glass  on  the  sections,  and  running  in  under- 
neath a  little  absolute  alcohol.  In  this  case  the  asparagin  crystallises  out  round  the 
section ;  while  in  the  former  case  it  is  precipitated  in  the  cells  in  the  form  of  crystals. 
These  can  easily  be  recognised;  they  are  comparatively  large,  and  cannot  be  mistaken 
for  other  crystals  which  are  formed  in  all  plants  on  treatment  with  alcohol,  even  where 
no  asparagin  is  present,  since  these — which  belong  to  various  salts,  among  others  to 
nitrates — always  remain  very  small  and  have  an  entirely  different  appearance. 

Lupinus  liiteus  is  a  good  object  for  examination,  and  possesses  the  great  advantage 
that  we  have  in  its  case  an  analytical  investigation  of  Beyer's^  in  which  the  organic 
constituents  and  especially  the  asparagin  have  been  quantitatively  determined  in  the  root, 
hypocotyledonary  portion  of  the  stem,  and  cotyledons,  at  two  stages  of  gercnination,  the 
last  shortly  before  the  cotyledons  have  thrown  off  the  testa. 

The  migration  of  the  non-nitrogenous  reserve -materials  takes  place  in  the  usual 
manner.  Starch  is  first  of  all  formed  in  the  hypocotyledonary  portion  and  root,  then 
disappears  and  remains  only  in  the  endoderm,  the  rest  being  transformed  into  sugar. 


'  What  follows  is  taken  from  a  letter  from  Dr.  PfeEfer.  (Compare  Book  I.  Sect.  8.  p.  Ji ;  also 
Jahrb.  fdr  wiss.  Bot  VIII,  p.  4^9  el  sej.) 

[It  must  not  be  thought,  however,  that  this  substance  is  confined  to  this  group  of  plants,  for  it 
is  very  widely  distributed,  nor  is  it  the  only  substance  of  this  kind,  for  leucine  and  tyrosine  have  also 
been  detected  in  germinating  seeds.] 

'  Landwiithsthaftliche  Versudisslationen,  vol.  IX. 
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Asparagin  is  first  found  in  the  hypocotyledonary  portion  and  root  when  they  are  about 
iQ  mm.  long,  but  then  rapidly  increases  in  quantity  while  these  parts  elongate  ;  and  it  is 
now  found  also  in  the  petiole  of  the  cotyledons,  and  in  the  cotyledons  themselves  before 
they  have  become  green  and  thrown  off  their  testa,  especially  in  their  lower  part.  The 
conditions  remain  the  same  during  the  whole  of  the  time  that  the  reserve  albuminous 
substances  are  being  consumed.  Asparagin  is  now  found  in  large  quantities  in  the  petiole 
f  th  tyl  do  Imost  to  the  extent  of  a  saturated  solution  (1  part  dissolves  in  58  parts 
f  wat  t  3  C  )  well  as  in  the  hypocotyledonary  portion  and  in  the  stem  as  soon  as 
t  b  gt  t  g  w  The  asparagin  extends  in  the  root  and  stem  towards  the  ptoKta 
g  Im    t       actly  as  far  as  the  sugar,  becoming  finally,  like  the   latter,  less 

b  d  t  B  th  the  cotyledons  it  is  wanting  in  the  pith,  while  in  the  stem  it  is  as 
b     d     t  tl  the  cortical  tissue;  it  is  never  found  in  the  vascular  bundles.     The 

■isp      g       Iso  d   into  the  petiole  of  young  leaves  as  far  as  the  base  of  the  unfolding 

p      fe  II  t     the  lateral  roots.     As  long  as  asparagin  is  formed  out  of  the  albu- 

b  ta  n  the  cotyledons,  it  may  also  be  found  in  the  plant  distributed  as  has 

be  n  des  bed  b  t  hen  the  cotyledons  have  been  entirely  emptied,  the  asparagin  also 
disappears;  but  this  does  not  happen  in  the  case  of  ia/inaj/uf  until  s'  eral  le-j  es  h  e 
completely  unfolded. 

The   process   is   quite   analogous   in   Tetragonobolus  purp    eu         A   M  d     g    I  b 
eulata ;  in  Hcui  sathia  and  Pisum  sativum  the  presence  of  asp      g  th         t  !  d 

themselves  cannot  be  proved  with  certainty,  but  is  found  at  th  ir  ba,  d  us  lly  1 
in  their  petiole,  although  these  plants  produce  decidedly  le  f  t  th  Li^  /  tens 
Since  moreover  chemical  analysis  has  established  the  produ  t  fgtq       tt         f 

asparagin  on  germination  in  the  case  of  a  large  number  of  other  species  ot  the  order,  we 
may  regard  this  substance  as  the  form  of  transport  for  the  albuminous  substances 
characteristic  of  all  Papilionaceae.  Albuminous  substances  are  moreover  found  in 
these  plants  also  in  the  thin-walled  elongated  cells  of  the  vascular  bundles;  and  it  is 
quite  possible  that  they  are  at  the  same  time  also  transported  by  these  structures.  It  is 
evident  that  the  source  of  the  asparagin  must  be  the  albuminous  substances,  because  the 
absolute  amount  of  nitrogen  remains  the  same  during  germination ;  and  the  nitrogen  of 
seeds  is  all  or  nearly  ail  contained  in  their  albuminous  ingredients. 

The  following  numbers  show   the  percentage  composition   of  asparagin,  and  the 
composition  of  an  amount  of  legumin,  containing  an  equivalent  quantity  of  nitrogen. 

Asparagin,  Legumm.  Difference. 


0  =  j6-4  0  =  jo'6  -    5-8 

Asparagin  contains  less  Carbon  and  Hydrogen  but  more  Oxygen  than  Legumin  and 
other  proteids.  Consequently  if  the  whole  of  the  Nitrogen  of  Legumin  is  used  in  the 
formation  of  asparagin,  a  considerable  quantity  of  Carbon  and  Hydrogen  must  be  given 
off  and  a  certain  amount  of  Oxygen  absorbed.  Exactly  the  opposite  will  take  place  upon 
the  conversion  of  asparagin  into  proteid.  Pfeffer  points  out  (Monatsber  d.  Berl  Akad , 
1873)  that  this  regeneration  of  proteid  from  the  asparagm  formed  during  germination 
depends  in  so  far  upon  the  action  of  light  as  this  is  necessary  for  the  decompositicm  of 
carbonic  acid  in  cells  containing  chlorophyll.  Asparagin  remains  in  a  plant  exposed  to 
light  if  carbonic  acid  be  not  supplied  to  it. 

In  Tropaolum  majus  asparagin  occurs  in  the  earliest  stiges  of  germination  only,  it 
disappears  at  a  later  period  whether  germination  is  taLing  place  m  light  or  m  darkness. 
In  this  case  the  asparagin  is  converted  into  proteid  before  the  non-mtrogenoub  reserie- 
materials'are  exhausted;  hence  the  regeneration  can  take  place  without  aisimdation. 
The  formation  of  asparagin  during  germination  takes  phce  in  light  or  in  darkness     it  is 
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only  the  regeneration  of  the  proteids  which  is  dependent,  as  in  the  Papilionaeea;,  in  the 
manner  above  mentioned  upon  light,  that  is,  upon  assimilation'. 

The  existence  of  asparagin  has  also  been  proved  in  the  leaves  and  stems  of  some 
plants  (see  Husemann,  Pflanzenstoffe)  j  and  its  presence  in  the  underground  perennial 
parts  of  Stlgmaphyllon  jatropheefoliam  almost  gives  the  impression  of  its  being  there  also  3 
reserve-material. 

The  absorption  of  assimilated  substances  into  the  plant  from  without  takes 
place  in  seedlings,  the  reserve -materials  of  which  are  contained  in  tbe  endosperm, 
in  parasites",  and  in  saprophytes  which  contain  no  chlorophyll.  Seedlings,  which 
have  been  most  studied  in  this  respect,  show  how  the  reserve -materials  of  the  endo- 
sperm may  pass  into  the  absorbing  organs  (in  this  case  almost  always  foliar  struc- 
tures) without  there  being  any  actual  continuity  of  the  absorbing  organ  with  the 
endosperm ;  they  on!y  lie  in  close  apposition,  and  can  be  separated  without  any 
injury*  (as  in  Ricinus,  Fig.  471)-  It  cannot  be  doubted  that  the  metamorphoses 
which  take  place  in  the  nutrient  endosperm  are  brought  about  by  the  absorbing 
organ,  that  is  by  the  embryo  itself;  the  behaviour  of  the  endosperm  of  the  germi- 
nating Date,  which  is  absorbed  by  the  delicate  tissue  of  the  absorbing  organ  belong- 
ing to  the  cotyledon,  shows  clearly  that  the  hard  thickening-layers  of  the  cell-walls 
of  the  endosperm  are  first  of  all  transformed  into  sugar  under  the  influence  of  this 
organ,  and  then  absorbed.  A  substance  evidently  passes  out  of  the  absorbing  organ 
into  the  endosperm  which  causes  this  metamorphosis  of  the  cellulose.  The  oil  and 
albuminoids  of  the  endosperm  are  at  the  same  time  taken  up  into  the  embryo, 
■where  all  the  conducting  parts  of  the  parenchyma  are  filled  with  sugar  and  starch 
as  long  as  the  endosperm  is  not  entirely  absorbed.  In  the  same  manner  also 
in  Grasses  substances  possibly  pass  out  of  the  embryo  into  the  endosperm,  and 
there  bring  about  the  chemical  metamorphosis  and  solution  of  the  starch  and  albu- 
minoids before  they  are  absorbed  by  the  scutellum  which  is  applied  to  the  surface 
of  the  endosperm.  It  is  possible  however  that  in  this  case  there  may  be  some 
means  in  the  endosperm  itself  of  bringing  about  the  solution  of  the  starch  and 
gluten  in  the  presence  of  water  independently  of  any  chemical  action  of  the 
embryo. 

The  absorbing  roots  of  parasites  penetrate  into  the  tissue  of  the  host,  and 
often  grow  into  it  in  the  most  intimate  manner.  It  is  certain  that  the  exciting 
cause  of  the  transport  of  the  products  of  assimilation  from  the  host  to  the  parasite 
resides  in  the  latter;  the  parasite  acts  on  the  conducting  masses  of  tissue  of  the 
host  like  a  growing  bud  of  the  host  itself;  the  food-materials  penetrate  into  it 
because  it  consumes  and  changes  them. 

The  influence  exerted  by  the  absorbing  organ  of  the  embryo  on  the  substances 

'  [S«e  Schulze,  Ueb.  Zerseliung  und  Neubilclung  von  Elweissstofien  in  LupineiikeimKngen, 
Lanaw.  Jahrb,  VII,  i8j8.] 

'  Ps-rasites  which  contain  chlorophyll,  like  the  Loranthaces,  can  themselves  assimilate,  and 
only  require  therefore  to  draw  water  and  mineral  substances  from  their  host  (see  Pitra  in  Bot.  Zeitg. 
1861,  p.  3).  Those  parasites  which  are  apparently  destitute  of  chlorophyll  (like  OrobancJie),  and 
saprophytes  (as  NeoTlia),  contain,  according  to  WeiEmer  (Bot.  Zeitg.  i87i,p.  37),  traces  of  chlorophyll, 
which  however  can  hardly  be  taken  into  account  in  assimilation. 

'  For  further  details  see  the  accounts  given  by  me  in  Bot.  Zeitg.  iSlii  and  1863,  of  the 
gerrauiation  of  different  plants. 
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in  the  enJosperm,  dissolving  and  chemical])'  changing  ihem,  points  to  the  way  in 
which  the  absorption  of  food-material  is  effected  by  saprophytes  which  possess  no 
chlorophyll,  their  absorbing  organs  probably  first  causing  the  solution  and  chemicai 
transformation  of  the  decaying  organic  constituents  of  the  humus.  The  decaying 
foliage  in  which  Momlropa,  Epipogium ',  and  Corallorhiza  grow,  does  not  give  up 
to  water  the  serviceable  materials  which  are  still  present  in  it,  any  more  than  the 
cellulose  of  the  endosperm  of  the  Date,  or  the  starch  of  the  endosperm  of  Grasses, 
or  the  oil  of  the  seed  of  Ricinus,  can  be  extracted  by  water;  but  these  saprophytes 
nevertheless  obtain  their  nutriment  from  them.  The  fact  that  the  roots  of  plants  of 
this  kind  are  so  few  in  number  and  so  diminutive  in  length,  as  in  Neoltia,  or  are 
entirely  wanting,  as  in  Epipogium  and  Corallorhiza,  is  very  remarkable  in  connection 
with  this.  These  plants  are  concealed  in  the  nutrient  substratum  till  the  time  of 
flowering,  and  tns.y  act  upon  it  by  their  whole  surface;  and  it  is  important  to  note 
that  the  absorbing  surface  of  seedlings  is  very  small  in  proportion  to  the  great 
amount  of  work  done,  as  is  also  the  case  with  the  absorbing  roots  of  Cuscuta, 
Orobancke,  &c. 

Sect,  6.  —  The  Respiration  of  Plants*  consists,  as  in  animals,  in  the 
continual  absorption  of  atmospheric  oxygen  into  the  tissues,  where  it  causes 
oxidation  of  the  assimilated  substances  and  other  chemical  changes  resulting  from 
this.  The  formation  and  exhalation  of  carbon  dioxide — the  carbon  resulting 
from  the  decomposition  of  organic  compounds — may  always  be  directly  observed ; 
the  production  of  water  at  the  expense  of  the  organic  substance  in  consequence 
of  the  process  of  respiration  is  inferred  from  a  comparison  of  the  analysis  of 
germinating  seeds  with  iJie  composition  of  those  which  have  not  yet  germinated. 
Experiments  on  vegetation  show  that  growth  and  the  metastasis  in  the  tissues 
necessarily  (»nnected  with  it  only  take  place  so  long  as  ox3'gen  can  penetrate 
from  without  into  the  plant.  In  an  atmosphere  devoid  of  oxygen  no  growth 
takes  place ;  and  if  the  plant  remains  for  any  time  in  such  an  atmosphere  it 
finally  perishes.  The  more  energetic  the  growth  and  the  chemical  changes  in 
the  tissues,  the  larger  is  the  quantity  of  oxygen  absorbed  and  of  carbon  dioxide 
exhaled;  hence  it  is  especially  in  quickly  germinating  seeds  and  in  unfolding 
leaf-  and  flower-buds  that  energetic  respiration  has  been  observed;  such  organs 
consume  in  a  short  time  many  times  their  own  volume  of  oxygen  in  the  pro- 
duction of  carbon  dioxide.  But  in  all  the  other  organs  also — in  every  indi- 
vidual cell— respiration  is  constantly  going  on ;  and  it  is  not  merely  the  chemical 
changes  connected  with  growth  that  are  dependent  on  the  presence  of  free 
oxygen  in  the  tissues;  the  movements  of  the  protoplasm  also  cease  if  the  sur- 
rounding air  is  deprived  of  this  gas ;  and  the  power  of  motion  possessed  by 
periodically  motile  and  irritable  organs  is  lost  if  oxygen  is  withheld  from  them; 

'  See  Reblte,  Flora,  1873,  No.  10-14. 

'  The  special  references  for  what  is  SMd  on  this  subject  will  be  found  in  my  work  00  Expe^ 
rimental  Physiology,  sect.  9,  On  the  action  of  atmospheric  oxygen.  Of  more  recent  works  may 
be  mentioned  especially,  Borscow,  On  the  behaviour  of  plants  in  nitrogen  (Melanges  biologiques 
tirfe  du  Bulletin  de  I'Acad.  Imp.  des  Sci.  Nat.  de  St.  P^tersbourg,  vol.  VI,  1867};  also  Wiesner, 
Sitzungsber.  der  Wiener  Akad.  vol.  LXVIII,  i8;i  ;  Bert,  Comptes  Rendus,  16  Jnin,  :873.  [See  also 
Wortmann,  Arb.  d.  bot.  Inst,  in  Wiirzbm^,  Bk.  II,  iBBo;  Pfeffer,  Das  Wesen  und  die  Bedeutung  der 
Alhmung  in  der  Pflan?e,  Landwirth.  Jahrb.  VII,  1878.] 
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'  [According  to  Borodin  (Ueb.  die  physiol.  Bedeutung  des  Aspari^ins  im  Pflanzeiireiche.  Bot, 
Zeitg.  1S7S)  Ihis  is  not  the  case.  In  the  process  of  respiration  the  niirogenom  substances  consliluting 
the  protoplasm  become  oxidised,  and  of  this  oxidation  asparagin  is  one  of  the  products.  The  non- 
nitrogenous  materials  are  used  up  in  supplying  plastic  material  to  the  protoplasm. 

Asparagin  is  regarded,  from  this  point  of  view,  as  a  nitrogenous  waste- product  (metabolite),  and 
it  therefore  corresponds  physiologically  to  the  urea  formed  in  the  animal  body,  a  comparison  which 
was  long  ago  suggested  by  Boussingault,] 

=  [M.  Corenwinder,  from  a  series  of  observations  on  the  Maple  and  Lilac,  has  confirmed  the 
view  to  a  certain  extent  held  by  Mohl,  that  the  process  of  respiration  is  always  going  on  in  a  plant 
even  when  concealed  by  the  greater  activity  of  the  decomposition  of  the  carbon  dioxide  by  the 
parts  containing  chlorophyll.  He  distinguishes  two  periods  in  the  v^etative  season  of  the  plant : — 
the  first  period,  when  nitrogenous  constituents  predominate,  is  that  during  which  respiration  is  most 
active  ;  the  second,  when  the  proportion  of  carbonaceous  substance  is  relatively  larger.  Is  the  period 
when  respiration  is  comparatively  feeble,  the  carbon  dioxide  evolved  being  again  almost  entirely 
taktn  up  by  the  chlorophyll,  decomposed,  and  the  carbon  fixed  in  the  process  of  assimilation.     He 
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The  comb  nition  to  form  carbon  dioxide  of  the  inhaled  oxjgen  with  a  portion 
of  the  cirbon  of  the  afsimiiated  substance  is  !ike  all  combustion  accompanied  h\ 
the  production  of  a  uorresponding  amount  of  heat  but  this  only  rarelj  le-ids  to 
a  sensible  mcreise  of  temperature  of  the  masses  of  tissue  because  respiration  and 
jn  consequence  the  production  of  heit  is  not  m  general  very  copious  while  the 
circumstances  are  %erj  fa\ourable  Co  the  loss  of  he-it  by  the  plant  In  Ihis  respect 
also  plants  may  be  comp-ired  to  cold  bloc  led  animals  When  an  amount  of  heat 
IS  set  free  m  the  cells  b}  the  process  of  respiration  it  first  of  all  distributes  itself 
over  the  large  mass  of  water  which  permeates  the  cells  ind  the  adjoining  tissue  In 
the  case  of  a  water  plant  the  least  excess  of  temperature  is  at  once  equalised  bi  the 
surrounding  water  while  n  the  case  of  a  hnd  plant  evaporation  has  a  jcnerful 
coding  effect  on  the  aciial  pirts  qu  te  independentl}  of  the  action  of  the  radi- 
aticn  of  heat  which  is  favoured  bj  the  large  superficial  development  of  most 
plants  and  especially  bj  their  hairii  ess  W  ith  these  causes  of  a  rapid  loss  of 
heit,  It  lb  not  surprising  that  the  parts  of  a  phnt  which  are  expanded  in  the 
air  are  even  colder  thin  it  although  the  r  respiraticn  is  continually  producing  small 
quantities  of  heat  But  if  the  causes  of  tie  loss  of  heat  ire  removed  it  is  jossible 
tQ  observe  w  th  the  thermometer  the  increase  of  temperature  caused  by  respiration 
This  can  be  done  bv  accumulaling  rapidl)  germinalinj,  seeds  as  is  shown  n  the 
considerable  elevation  of  lemperiture  of  grains  of  Barley  in  the  manufacture  of  malt 
and  this  elevation  can  also  be  proved  in  the  case  5f  other  },erminatmg  seeds  or 
growing  bulbs  and  tubers      The  proof  is  more  difficult  in  plants  with  green  leaves 

In  some  flowers  and  inflorescence':  the  production  of  carbon  dioxide  which 
accompanies  the  inhalation  of  o\}gen  is  verj  energetic  the  radiation  of  the  heat 
produce  1  being  at  the  same  time  diminished  bj  the  small  superfical  extent  of  the 
organ  and  b>  protect  ng  envelopes  and  in  such  cases  a  very  considerable  elevation 
of  temperature  of  the  masses  of  tissue  has  been  observed  The  best  illustration  of 
this  IS  the  spadis  of  Aroide'e  at  the  time  of  fertilisation  where  {espe  ully  in  warm 
air)  an  excess  uf  temperature  of  from  4°  to  5°  or  even  of  io°C  or  more  has  been 
detected  Less  considenble  elevations  of  temperature  have  also  been  observed  in 
the  separate  flowers  of  Cu  urbtta  Bignoma  radtcans    ^  iclorti  rtgia  S.C 

In  the  few  cases  m  which  up  to  the  present  time  the  development  of  light  or 
Pko'^phortscence  has  been  observed  m  living  plants  this  phenomenon  is  also  dependent 
on  the  resp  raton  cf  oxjgen  In  Agaricus  okinus  (of  Pro\eice)  this  has  been 
definitely  proved  by  Fabre.  This  Fungus  emits  light  only  so  long  as  it  is  alive,  and 
ceases  to  do  so  at  once  when  it  is  deprived  of  oxygen ;  the  respiration  is  in  this  case 
also  very  copious.  Besides  ihis  Fungus,  Agaricus  igneus  (of  Amboyna),  A.  nocli- 
lucens  (of  Manilla),  A.  Gardneri  {of  Brazil),  and  ihe  Rhizomorphs  are  known  to 
emit  light  spontaneously;  the  statements  with  respect  to  the  light  emitted  from 
various  flowers  are  of  extremely  doubtful  value'. 


foupd  that  the  proportion  of  nitrogenous  matter  in  leaves  gradually  diminishes,  while  that  of  carhon- 
aceoBS  malter  increases,  between  autumn  and  spring.     (See  Revue  scientifique,  Aug.  1, 1874.)] 

'  [For  a  collection  of  recorded  instances  of  phosphorescence  in  plants  see  Hardwicke's  Science 
Gossip,  1871,  p.  i;i.]  See  my  Experimental  Physiology,  and  Schmiti  (Liiinasa,  1843,  p.  523)  and 
BLschoff  (Flora,  i8j.(,  11.  426)  on  the  phosphorescence  of  Rhizomorphs, 
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The  apparatus  described  in  my  Handbook  of  Experimental  Physiology,  p.  271,  may 
be  easily  employed,  with  the  necessary  modifications,  for  the  observation  of  the  pro- 
duction of  carbon  dioxide  and  the  elevation  of  temperature  of  germinating  «ecds.  The 
follo«    B      p  t       I       d  pted  fthdmtt         fth       p  a  lecture, 

One-th   d     f       glass     >1    d      of       1 1  es       p       y        fill  d       th         k  d  p        or  some 
other        d  th  fl        rs        th         t     f       f  Id    g  (    ?     m  11  fl  h    d    of  Com- 

posita:  W  i>j      /        )        d     I      d   w  th       w  U  h       g  gla.      t  pper.     If 

the  V    sel         p      d         f  lly    It  1  h  th  t       d      II  b    found  to 

exting     hb  gtpltd  ttastthdb        hlld       h        b      dioxide. 

In  order  to  observe  the  development  of  heat  also  m  small  quantities  of  seeds  and 
even  in  single  flowers  of  larger  size,  I  use  various  forms  of  the  apparatus  represented 
in  Fig.  471,     The  flask/contains  a  strong  solution  of  potash  or  soda  /which  absorbs  the 
carbon  dioxide  set  free  from  the  plants.    In  the  opening  of  the  flask  is  placed  a  funnel  r, 
containing  a  small  filter-paper  perforated  with 
a  needle.    The  funnel  is  filled  with  soaked 
seeds  or  with  cut  flower-buds  in  the  act  of 
opening;    and  a  bell-glass  g   is   now  placed 
over  it,  through  the  tube  of  which  a  thermo- 
meter graduated  to  tenths  of  degrees  is  let  in 
so  that  the  bulb  is  surrounded  on  all  sides  by 
the  plants.     A  loose  plug  of  cotton-wool  iv 
closes  the  tube.      In   order  to  compare  the 
temperature,    a    similar   apparatus   is   placed 
Llose  beside,  in  which  the  seeds  or  flowers  as 
the  case  may  be  are  or  are  not  replaced  by 
pieces   of  moist  paper   or  green   leaves.     It 
IS  conienient  to  place  both  apparatuses  in  a 
large  glass  ease  in  order  still  more  completely 
to  shield  them  from  slow  changes  of  temper- 
ature m  the  air  of  the  room.     As  the  isolation 
t  CO  nplet    the  access  of  fresh  oxygen 
td       tthplts         thd      d      dh 
t  t        prat  h      f  t 

p  ted     th  g  t 
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t     d  t 


t  th 


1  II 


be  obser\ed  even  with  single  flowers      In     d 
evaporation  and  radntion    it  is  ctnienient    b  f 
cover  the  tunnel  ^ith  a  perlorated  glass  pl 
its  perfoiation 

It  1-,  possible  under  favounble 
a  rise  of  te  nperature  of  1  5°  C  with  100  or  : 
the  anthers  ot  a  flower  ot  the  Gourd  caused  ; 
thermometer  with  the  bulb  of  which  they  we 
capituium  of  Onopardon  Jlcantbiam  produced  ; 
single  Bower  of  Nymphisa  itellaia  one  of  about 
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r-buds  aiAnlhemh  chiysoJeuca  heaped  rou 
about  i'6'  C, 

It  will  be  readily  understood  that  flowers  n 


to  observe  by  means  of  this  contrivance 
o  peas,  while  the  roots  are  developing; 
rise  of  about  o'8°  G,  in  a  tolerably  large 
■  in  contact  on  only  one  side.  A  single 
L  elevation  of  o-7a°  C. ;  the  stamens  of  a 
6°  C.     The  temperature  of  a  number  of 


id  the  thermometer  rose  as  they  unfolded 
ust  not  be  used  for  these  experiments  as 
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soon  as  thej"  have  been  gathered ;  but  that  it  is  necessary  to  wait  for  some  hours  till  they 
have  acquired  the  temperature  of  the  room.  (P'orther  details  will  be  given  elsewhere.) 
M^Nab  found  that  a  [arge  specimen  of  Lycoperdon  giganieam  produced  a  rise  of  temper- 
ature of  i-a"  (F.  or  C.  ?).  Bot.  Zeitg.  1873,  p.  560, 


CHAPTER    III. 


GENERAL   CONDITIONS    OF    PLANT-LIFE. 


Sect.  7.  The  Influence  of  Temperature  on  Vegetation '  can  only  be 
investigated  scienCificail)'  by  observing  the  influence  of  definite  and  different  degrees 
of  temperature  on  tbe  separite  vital  phenomena  of  plants  t  e  on  the  variou  pro 
cesses  of  assimiKtion  and  metastasis  of  diflusion  of  growth  of  the  v-iriations  n  the 
tur^,  iity  of  the  cells  and  tension  of  the  tissues  of  the  moiements  of  protof  lasm 
and  irritable  o  gans  and  of  those  ei  lowed  with  jenodic  mot  on  Lc 

The  determination  of  the  facts  which  hive  here  to  be  mestigatel  depenis  on 
an  accurate  determ  nation  of  the  temperature  of  the  plant  in  anj  given  case  or  nther 
on  that  of  the  p'lrt  of  the  plant  m  que  tion  on  which  the  expTiraent  is  to  be  made 
This  is  often  atten  led  w  th  great  d  fficiilties  and  is  sometimes  ilmost  imp  ssible 
Independently  of  the  changes  of  ten  perature  usually  incons  derabie  cause!  by 
respirat  on  m  the  interior  of  the  plant  the  temperature  of  ea  h  cell  depends  on 
Its  position  m  the  mass  of  tissue  an  i  on  the  v  ^nations  of  the  surround  ng  tern 
perature  A  constant  mterchinge  of  heat  is  going  on  between  the  plant  and 
Its  surround  ng  medium  by  conduct  on  aid  radiation  which  essenliallj  determines 
the  temjeratuie  of  anj  pait  of  a  plant  it  anj  particuhr  time 

In  reference  to  the  conduction  of  heat  it  must  be  mentioned  in  the  first  place 
that  all  parts  of  plants  are  bad  con  luclors  the  differences  of  temperature  between 
them  and  the  ar  earth  or  water  that  is  m  contact  with  them  become  only  very 
slowly  adjusted  in  th  a  way  The  conductivity  for  heat  is  probably  also  alwajs 
different  in  different  d  rections  ihat  in  the  longitudinal  direct  on  n  d  >  wood  bears 
the  proportion  to  that  in  the  transverse  direct  on  of  ^^  i  '5  i  in  the  Acacia  Box 
and  Cypress,  of  j-8  :  i  m  the  L:me,  Alder,  and  Pine,  ,     .       , 

The  radiation  of  heat  is  on  the  other  hand  a  very  frequent  and  rapid  cause  of 
changes  of  temperature  in  most  parts  of  plants ;  the  chief  effect  of  these  changes 
being  to  bring  about  differences  between  the  temperature  of  the  surrounding  medium 
and  that  of  the  plant,  especially  when  the  parts  of  the  plant  are  of  small  size  but 
have  a  large  hairy  surface,  as  is  the  case  with  many  leaves  and  internodes.  It 
must  be  noted  in  this  connection  that  the  radiating  power  of  a  Ijody  is  equal  to  its 

'  For  more  detailed  pioofi  sec  my  Handbook  of  Esperimeiital  Physiology,  p.  48  el  sej.' 


vGooqIc 


•J26  GENERAL   CONDITIONS   OF   PLANT-LIFE. 

absorptive  power    and  that  radiation  depends  not  merelj  on  the  tempenture  but  ilso 
on  the  diathermancy  of  the  aiirrouoding  medium 

In  the  igrial  parts  of  plants  transpiration  is  an  energetic  additional  cause  of  loss 
of  temperature  inasmuch  as  waier  m  the  act  of  evaporation  withdraws  from  the 
plant  the  amount  of  heat  netessar)  for  its  vaporisation  and  hence  makes  it  colder 

In  mvestigations  of  the  influence  of  temperature  on  the  various  processes  of 
vegetation  the  conditions  noticed  ibove  must  always  be  carefullj  considered  It 
may  be  assumed  in  general  thit  the  resuh  of  their  united  action  is  that  small  water 
plants  and  the  underground  parts  of  plants  have  usually  nearly  the  same  temperature 
as  that  of  the  surrounding  medium  when  this  temperature  is  not  subject  to  too  great 
variations  but  that  on  the  other  hand  leaves  and  slender  stems  exposed  to  air  arc 
generally  colder  than  the  air  while  the  thick  stems  of  woodj  plants  are  sometimes 
vjarmer  sometimes  colder  in  consequence  of  tbeir  blow  conducting  power  How 
greail)  the  temj  crature  of  parts  of  plants  of  cons  derable  superficial  extent  mav  be 
depressed  by  radiation  below  that  of  the  air  is  shown  bv  the  fact  that  a  thtrraometer 
placed  on  the  grass  and  exposed  tc  radiaticn  indicates  on  clear  nights  a  temper 
alure  several  degrees  lower  than  one  placed  in  the  air  If  the  latter  is  only  i  few 
degrees  above  the  freezing  point  the  temperature  of  the  leaves  of  plants  maj  m 
this  manner  fall  below  zeri  and  they  will  suffer  the  effects  of  frost  The  fomiuion 
of  dew  on  summer  nij;,hts  and  of  the  hoar  frost  vvhich  is  deposited  in  such  Ur„e 
quantities  on  plants  especially  in  the  late  autumn  are  stiiLmg  proofs  of  the  effect 
of  radiation  in  lowering  their  temperature  The  relation  of  the  temperature  of 
ylants  to  that  of  their  surrounding  medium  is  however  very  complicated  when  we 
have  to  do  with  solid  bodies  like  trunks  of  trees  because  the  different  powers  of 
conduction  m  the  longnudinal  and  transverse  directions  of  the  wood,  and  other 
ciuses,  then  cooperate  with  the  action  of  ra  hation  and  of  absorption  of  heat 
through  the  bark  In  general  as  ha-,  been  shown  bv  KrutM;h  s  beautilul  experi- 
ments, the  trunk  is  cool  r  during  the  day  than  the  surrounding  air  but  warmer 
in  the  evening  and  nif,ht 

With  respect  to  the  changes  of  volume  in  masses  of  tissue  and  m  individual 
cells  as  the  temperature  vanes  nothing  is  known  with  certainty  except  as  regards 
dry  wood  The  numbers  g  ven  by  Caspary  as  the  coefficients  of  the  expansion  of 
wood  caused  bv  he\t  depend  on  untrustworthy  observations  and  on  a  complete  mis 
understanding  of  the  phenomena  which  take  place  in  the  objects  observed'  When 
leafstalk  and  the  branches  of  trees  become  curved  at  temperatures  far  below  the 
freezing  point,  this  is  obviousl)  not  altogether  if  at  all  caused  bv  the  different 
layers  of  tissue  having  different  coefficients  of  1  eat  expansion  but  is  manly 
a  conscquenc  of  the  fact  that  the  water  of  vegetation  treezes  while  the  cell 
walls  lose  water  and  in  consequence  contract  more  or  leas  according  to  ll  e  r  state 

[AtCQidinj,  lo  Beequerel  trees  warm  surrounding  lajers  of  air  during  tie  iay  and  a  ^uod 
part  of  the  night  Ihey  begin  lo  cool  them  as  sonn  a  thej  have  attained  the  sane  temperature 
The  ma^  mum  tempentnre  is  reached  bj  Ihe  air  two  or  three  ho  ri  after  midday  in  Ihe  tree 
It  IS  reached  after  sunset,  in  summer  (onards  9  p.  m.  See  M^moire  sur  les  forets  et  leut  influence 
climat^fique  ;  M^m.  de  I'Inst.  vol.  XXXV.  pp.  460-470  ] 

'  Proceedings  of  the  International  Horticultural  Exhibition  and  Botanical  Congress  held  in 
London,  1866,  p.  116. 
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br  imbibition  and  of  ligiiification.     The  ph 
instance  on  a  change  in  the  state  of  imbib 
temperatures.     Viilari  has  carefully  measu    d      h 
different  dry  woods.     Like  the  expansioi 
caused  by  heat  is  much  less  in  the  direct  f 

tion  across  the  fibres  ;    but  with  the  differ  h 

absorption  are  reckoned  by  hundredths  in    1 
tudinal  direction,  those  for  heat  by  hund    d   h 
the  alterations  of  the  dimensions  of  dr)  d 

changes  of  temperature  are  about   looo 
absorption  of  water.     The  following  table       f    i 
2°  and  34°  C  ;— 

Coefficients  or  heat- 


d  p     d      h      f 


Box- wood  . 

In  .sdiat  airEcdcn. 

.      000006 1 4 

0-00000257 

25 

loa 

Fir    .     ,     . 

.         0.0000584 

0-00000371 

i6 

Oak.     .     . 

.         0-0000544 

0-00000493 

12 

Poplar  .     . 

.         0-0000365 

0-00000385 

9 

Maple    .     . 

.     O'oooo484 

0-00000638 

8 

Pine .     .     . 

.     0-0000341 

0-00000511 

6 

Since  these  numbers  only  hold  good  for  dry  wood,  while  wood  as  a  constituent 
of  the  living  plant  can  be  observed  only  in  the  moist  state,  they  cannot  be  applied 
directly  to  the  explanation  of  the  physiological  phenomena  due  to  changes  of 
temperature ;    but  ihey  are  nevertheless  of  great  interest,  since  they  give  1 


isight  into  the  molecular  structure  of  wood,  especially  as 
directions. 

Something  more  is  k  1        t3  f  d  IT 

on  the  vital  phenomena    f  plan         0     th        bj        h     mp 
noted  that  the  exercise  j  f  d 

temperature  within  wliich    1  k    pi  11  f 

play  only  when  the  temp  f         pi  f   h    p 

rises  to  a  certain  heigh      b  1      f  p  f    h 

definite  maximum  of  te    p  d     h  h  p 

manently  higher  than  5     C        H  h     1  f      f    1     pi 

vital  processes,  appears  fi     d       g  1        h       1 

It  must  however  be  no    d  h        m    f  y  h 

between  0°  and  50°  C.  i    d  ff  pi  1       h 

in  the  same  plant.     A  fe  mpl         11  1 1        h 

Since  the  cell-fluid  f    q  1  f 

concentration,  do  not  u      11     f  1     j     p 

cesses  of  growth  to  tak    p  h        h        m  f    h 

low  as  this,  although  thi    f 


)  its  elasticity  ii 
d  gr 


different 


f    h    pi 


y  dff 
hdft 


hi   h  d     Ul    1  (Fl 


'  Pog^endorff's  Annalen,  ifi68,  vol.  133.  p.  412. 

'  Sachs,  Ueber  die  obere  Temperatui^renie  dec  Vegetation,  Klora,  18^4,  p.  5;  Krasan,  Beitr,  z 
Kenntniss  des  Wachsthuras,  Sitzber.  d,  Wien.  Akad.  1873. 
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1871,  no.  12)  observed  the  remarkable  fact  that  seeds  of  Air^r  platanoides  and  of 
Wheat  which  had  fallen  between  pieces  of  ice  in  an  ice-house  germinated  there 
and  pushed  a  number  of  roots  several  inches  deep  into  the  fissureless  pieces  of  ice. 
From  this  observation  he  concluded  that  these  seeds  had  the  power  of  germi- 
natingf  at  or  even  below  the  freezing-point  of  water;  and  that  the  penetration  of 
the  roots  into  the  ice  is  caused  by  the  development  of  warmth  in  the  seed  and  by 
the  pressure  of  the  growing  roots.  It  seems  to  me  however  that  another  expla- 
nation is  possible.  The  ice  was  evidently  surrounded  by  warmer  substances,  such 
as  the  walls  of  the  house,  which  emitted  to  it  ra>s  of  heat  Now  it  is  a  well  known 
fact  that  rajs  of  heat,  when  thej  strike  upon  bubbles  of  air  or  bodies  firmly  frozen 
into  a  piece  of  ice  warm  them  and  melt  the  surrounding  ice  In  this  way  not 
only  the  seetis  but  also  their  roots  were  warmed  bj  the  radiation  of  heat  which 
passed  through  the  ice  and  thus  the  particles  of  ice  in  contact  with  them  were 
melted.  This  experiment  gives  us  therefore  no  ceriam  knowledge  of  the  actual 
temperature  of  the  germinatmg  seeds  The  stitements  of  different  observeis  as  to 
the  highest  temperature  of  the  water  in  which  some  of  the  lower  Aigt  grow  vary 
greatly;  and  Kegels  assertion  is  perhaps  the  most  probable  that  water  must  be 
below  4o°C  for  plants  to  grow  in  it  I  have  convinced  miself  that  a  considerable 
number  of  plants  are  killed  b\  an  immersion  for  only  ten  minutes  in  water  of  45°  or 
46°  C,  while  flowering  plants  endure  for  a  longer  period  an  iir  temperature  of  48' 
or  49°  C  ,  but  at  gi^C  lose  their  vitalilv  aftei  from  ten  to  thirty  minutes  (any 
possible  injurj  bj  dijing  up  being  of  course  prevented)  "^  As  to  the  high  tem- 
peratures which  the  spores  of  Fungi  can  endure  without  losmg  their  power  of  ger- 
mination very  diflerent  statements  wme  of  them  altogether  incredible  baie  been 
made,  according  to  which  temperatures  of  m  tc  than  100°  eien  as  high  as  200  C, 
would  seem  not  to  be  injurious  Of  ninety  four  experiments  which  were  made  by 
Tarnowsky  with  ail  possible  precautions^  the  result  was  that  the  spores  of  Pent 
ctlltum  glauium  and  Rhizopus  mgncins  exposed  for  from  one  to  two  hours  to  air 
of  a  temperature  between  70°  and  bo  C  germinated  only  very  r<ire]y  while  a 
temperature  of  83°  or  84°  C  altogether  killed  them  Spores  heated  m  their  proper 
nutrient  fluids  entirely  lose  their  power  of  germination  at  54°  or  55  C  ' 

The  growth  of  parts  of  the  embryo  at  the  expense  of  the  reserve -material  9 
begins,  as  my  experiments  show',  in  the  case  of  Wheat  and  Barley  even  below  5°  C ; 


'  H.  de  Vries,  Materiaux  pour  la  connaissance  (ie  I'influence  de  la  temperature,  in  Archives 
Neerlandaises,  vol.  V,  1870,  arrived  at  the  same  results  from  a  number  of  experiments  on  Crypto- 
gamia  and  flowering  water  and  land-plants.  According  to  Schmitz  (Liiinrea,  1 843)  Sphieria  carpophUa 
is  killed  in  ten  minutes  by  water  of  35°-38°  R.  <43-5°-4rS°  C,). 

'  One  of  the  most  important  of  these  precautions  is  to  prevent  with  certainly  the  entrance  of 
spores  after  the  temperature  has  been  raised  in  the  apparatus  to  the  required  point. 

According  to  Wiesner  .(Sitzber.  d,  Wien,  Akad.  l8?3)  spores  of  Penic3lium  glaucam  sown  00 
lemon  pnlp  will  not  germinate  below  I'S^C.  or  above  43°  C.  Any  further  development  is  confined 
to  narrower  limits.     The  most  favourable  temperature  is  from  21°  to  16"  C. 

'  For  farther  details  see  pt.  Ill  of  Ihe  Proceedings  of  the  Botanical  Institute  of  Wiirzburg. 

*  Sachs,  Abhangigkeit  der  Keimung  von  der  Temperatur,  Jahrb.  far  wissensch.  Eot.  vol.  II.  p.  33S, 
]S6o. — A.  De  Candolle  in  Bibliotheque  univetselle  de  Geneve,  1S65,  vol.  XXIV.  p.  243  it  sej. — 
Kbppen,  Warme  und  Pflanienwaehsthum,  eine  Dissertation,  Moscow  1870. — Accoiding  to  Kemer 
(Nat.  wiss.  Verein  Janobrock,  (87;)  most  plants,  especially  alpine  plants,  can  germinate  below  2''C. 
See  also  further  under  chap.  IV. 
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in  Phaseolus  muUiflorus  and  Zea  Mais  at  9-4°  C;  in  Cucurbila  Pepo  at  i3'7°C.  But 
when  the  reserve-materials  of  the  seed  tiave  been  consumed,  a  higher  temperature  is 
apparently  always  necessary  to  enable  growth  to  proceed  at  the  expense  of  freshly 
assimilated  material.  The  highest  temperatures  at  which  my  observations  indicate 
that  germination  can  take  place  were  about  4  a"  C.  in  the  case  of  Phaseolus  muUiflorus, 
Zea  Mais,  and  Cumrhita  Pepo  ;  in  Wheat,  Barley,  and  Peas,  about  37°  or  38°  C. 

The  lowest  temperature  at  which  the  chlorophyll -granules  turn  green  was 
determined  for  Phaseolus  muUiflorus  and  Zea  Mais  at  above  6°,  and  probably 
below  i5''C.;  for  Brassica  Napus  above  6''C,  ;  for  Pinus  pinea  between  7°  and 
ii''C.  The  highest  temperature  at  which  leaves  already  formed  and  still  yellow 
turn  green  was  for  the  first-named  plants  above  33° ;  for  Allium  Cepa  above  36°  C. 

The  exhalation  of  oxygen  and  the  corresponding  assimilation  begin,  according 
to  CloSz  and  Gratiolet,  in  the  case  of  Polamogeton  between  10°  and  15°  C;  in 
Vallisneria  atjove  6''C.  In  many  Mosses,  Algse,  and  Lichens,  assimilation  may 
possibly  take  place  at  still  lower  temperatures ;  according  to  Boussingault  (Compt, 
Rend.  vol.  68.  p,  410),  carbon  dioxide  is  decomposed  by  the  leaves  of  the  Larch 
at  0-5°  to  2-5°C.,  and  by  those  of  Meadow-grasses  at  t-^  to  3-5°C.  Heinrich 
found  (he  minimum  temperature  at  which  bubbles  of  gas  were  given  off  by  Hotlonia 
palustris  to  be  2-7°  C.  The  upper  limit  of  temperature  for  this  function  has  not 
been  ascertained,  except  for  Hotlonia  palustris,  in  which  case  Heinrich  found  it 
to  be  5o''-56"C. 

The  irritability-and  periodical  movement  of  the  leaves  oi  Jliimosa  do  not 
begin  till  the  temperature  of  the  surrounding  air  exceeds  i5°C.;  the  periodical 
movements  of  the  lateral  leaflets  of  the  leaf  of  Desmodium  gyrans  only  at  tem- 
peratures above  za°C.  The  upper  limit  of  temperature  for  the  sensitiveness  of  the 
leaves  of  Mimosa  depends  on  the  continuance  of  the  warmth ;  in  air  of  40°  C. 
they  become  rigid  within  an  hour;  at  45° C.  within  half  an  hour;  at  48°  to  50° 
within  a  few  minutes,  but  may  again  become  sensitive  when  the  temperature  falls. 
A  temperature  of  52°C.  causes  permanent  loss  of  the  power  of  motion  and  death. 

The  lower  limit  of  temperature  for  (he  motility  of  the  protoplasm  in  Nitella 
sywarpa  is  stated  by  Nageli  to  be  zero ;  for  the  hairs  of  Cucurbila  my  observations 
place  it  at  a  temperature  of  10°  or  ii°C.  The  upper  limit  is  37°C.  in  the  case  of 
Nilella  syncarpa  according  to  Nageli ;  in  the  hairs  of  Cucurbila,  when  immersed  in 
water  of  46°  or  47°  C,  the  current  is  arrested  within  two  minutes;  in  the  air  exposure 
to  a  temperature  of  49°  or  50°  C.  for  ten  minutes  does  not  stop  the  current.  The 
current  in  the  hairs  on  the  filaments  of  Tradescantia  ceases  within  three  minutes  in  air 
at  49°  C,  beginning  again  when  the  temperature  is  reduced. 

The  absorption  of  water  through  the  roots  is  also  confined  to  certain  limits  of 
temperature.  Thus  I  found  that  the  roots  of  the  Tobacco-plant  and  Gourd  no  longer 
absorb  sufficient  water  to  replace  a  small  loss  by  evaporation  in  a  moist  soil  of 
from  3°  to  5°C.;  the  heating  of  the  soil  to  from  12°  to  i8°C.  suffices  to  raise 
their  activity  to  the  needful  extent.  The  roots  of  the  Turnip  and  Cabbage  on  the 
contrary  absorb  a  sufficient  quantity  of  water  from  soil  reduced  nearly  to  the  freezing- 
point  to  replace  a  moderate  loss  by  transpiration. 

A  second  result  of  the  observations  hitherto  made  may  be  stated  as  follows ; — 
The  functions  of  a  plant  are  assisted  and  accelerated  in  their  intensity  when  the 
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temperature  rises  above  the  lower  limit  for  that  fun c lion ;  on  reaching  a  definite 
higher  degree  a  maximum  of  intensity  is  attained;  the  activity  then  decreases 
with  a  further  increase  of  temperature,  until  it  entirely  ceases  at  the  upper  limit. 
There  is  therefore  no  proportionality  between  a  rise  in  the  temperature  and  in 
the  intensity  of  the  function.  Thus,  according  to  ray  observations,  the  rate  of 
growth  of  the  roots  of  a  seedling  of  Zea  Mai's  attains  its  maximum  at  27-2°  C,  of 
the  Pea,  Wheat,  and  Barley  at  ■i2-8°C.;  while  an  increase  of  the  temperature  of  the 
soil  beyond  these  points  causes  in  each  case  a  decrease  in  the  rapidity  of  growth'. 

The  irritability  of  the  leaves  of  Mimosa  is  rather  sluggish  between  1 6"  and 
18° C,  and  appears  to  reach  its  maximum  at  30^0.  The  periodically  motile  lateral 
leaflets  of  the  leaf  of  Desmodium  gyrans  oscillate,  according  to  Kabsch,  in.  from 
eighty-five  to  ninety  seconds  at  35°  C,  in  from  180  to  190  seconds  between  28° 
and  30"  C;  at  lower  temperatures  the  oscillations  are  imperfect,  and  at  33°  or  24°  C. 
they  become  almost  imperceptible. 

The  rapidity  of  the  movement  of  the  protoplasm  in  Nikila  syncarpa  attains  its 
maximum,  according  to  NSgeli,  at  37°  C;  at  a  higher  temperature  the  movement 
ceases.  In  the  hairs  of  Cucurbita,  Solartum  Ly coper sicum,  and  Tradescantia,  as  well  as 
sn  m  p  m 
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suiting  in  mjury  and  finally  a 

'  Furllier  details  on  this  subject  wQl  be  found  in  my  treatise  already  named,  and  in  De  Vries 
and  Kdppen  (i.  c).  Compare  also  what  is  said  in  chap.  IV,  on  the  influence  of  temperature  on  the 
rapidity  of  growth. 

'  [Haben  Tempeiaturschwankungen  als  5olche  einen  ungunstigen  Einfluss  aiif  das  Wachslhum? 
Arb.  d.  bot.  Inst,  in  Wiiizbaq;,  I,  4,  1874.] 
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leaves  may  in  addition  be  so  much  increased  that  the  activity  of  the  roots  is  insufficient 
to  replace  the  loss.  On  the  other  hand,  too  low  a  ground  teraperatare  may  so  depress 
the  activity  of  the  roots  that  even  small  losses  by  transpiration  from  the  leaves  can  no 
longer  be  replaced.  We  shall  refer  In  the  sequel  to  the  injuries  caused  immediately  to 
the  cells  by  too  high  a  temperature  and  by  the  freezing  and  thawing  of  the  tissues. 

I,  The  destruetionofthelifeof  cells  by  too  high  a  temperature  depends,  hke  freezing, 
on  their  containing  water.  While  succulent  tissues  are  killed  below  or  at  50°  C,  air-dry 
see^s  of  Piium  sativum  can  resist  a  temperature  of  over  70°  G.  for  an  hour  without 
losing  their  power  of  germination ;  of  grains  of  Wheat  and  Maize  heated  to  65°  for  an 
hour,  25  p.c.  germinated  in  one  case.    Peas  soaked  in  water  for  an  hour  and  e 
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them  into  ice  and  by  the  subsequent  thawmg  of  ihe  latter,  depends  also  mamly  on  the 
quantity  of  water  in  the  cells.  Air-dry  seeds  appear  to  be  able  to  withstand  any 
degree  of  cold  without  injury  to  their  power  of  germination  ;  the  winter-buds  of  woody 
plants  the  cells  of  which  contain  a  great  quantity  of  assimilated  substances  but  only  a 
small  quantity  of  water,  stand  the  cold  of  winter  and  frequent  rapid  thawing ;  while 
the  young  leaves  at  the  time  of  their  unfolding  in  the  spring  succumb  to  a  slight  night- 
.  frost.  An  at  least  equally  important  condition  lies  however  in  the  specific  organisation 
of  the  plant;  varieties  of  the  same  species  frequently  differing  in  their  power  of  resist- 
ance to  cold  and  thawing.  Some  plants,  like  Mosses,  HepaticEe,  Lichens,  some  Fungi 
of  a  leathery  texture,  the  Mistletoe,  &c.,  appear  in  particular  never  to  freeze ;  Pfitzer 
states  that  the  Naviculea;  freeze  between  -  10°  and  -  20°  G.  and  continue  to  live  after 
thawing ;  while  many  flowering  plants  from  a  southern  climate  are  killed  by  rapid 
changes  of  temperature  near  the  freezing-point^  Sclimitz  (Linnsa,  1843)  observed  that 
an  Agiiricus  faicicuiarii  which  had  been  frozen  stiff  grew  after  thawing, 

'  The  statements  of  Wiesner  (,Sitzungsber.  der  Wien.  Afcad.  1871,  Oct.,  vol.  LXIV.  pp.  14.  15) 
I  am  unable  to  understand,  A  variety  of  recent  sfatemmts  as  to  the  high  temperatures  which  th^ 
spores  of  Fungi  are  said  to  be  able  to  resist  withont  losing  Ibeir  power  of  germination  are  so 
incredible  and  require  such  critical  sifting  that  I  pass  them  by  altogether. 

'  On  the  miniraam  of  temperature  which  vegetation  can  in  general  bear  see  Goppeit,  Bot. 
Zeilg.,  18;  1,  nos.  4and  j:  [also  liot.  Zeitg.  1875.] 
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Whether  the  tissue  of  a  plant  can  be  killed  simply  by  the  solidifying  of  the  water 
contained  in  its  cells  into  crystals  of  ice  is  uncertain  ;  while  on  the  other  hand  it  is  un- 
questionable that  in  a  great  number  of  plants  death  is  caused  only  by  the  mode  in  which" 
the  thawing  takes  place.  The  same  tissue  which  retains  its  vitality  if  thawed  slowly 
after  the  freezing  of  the  water  of  its  cell-sap,  becomes  disorganised  if  thawed  rapidly 
after  exposure  to  the  same  degree  of  cold.  Death  is  therefore  caused  in  these  plants 
not  by  the  freezing  but  by  the  thawing'. 

When  ice  is  formed  in  the  tissues  of  a  plant,  two  points  must  be  taken  into  con- 
sideration, The  water,  when  about  to  freeze,  is  on  the  one  hand  contained  in  a  mixed 
solution,  the  cell-sap ;  on  the  other  hand  it  is  retained  by  the  force  of  cohesion  as  water 
of  imbibition  in  the  micellar  interstices  of  the  cell-wall  and  of  the  protoplasm.  Now  it 
is  an  established  fact  in  physics  that  a  solution  when  freezing  separates  into  pure  water 
which  solidifies  into  ice  and  a  concentrated  solution  with  a  lower  freezing-point'.  When 
therefore  a  portion  of  the  cell -sap- water  freezes,  the  remainder  of  the  cell-sap  becomes 
more  concentrated ;  and  chemical  changes  may  possibly  be  induced,  as  RtidorfF  has 
shown,  by  new  combinations  actually  arising  in  a  freezing  solution.  How  far  this 
circumstance  must  be  considered  in  the  destruction  of  cells  by  freezing  and  thawing  is 
not  yet  decided. 

What  takes  place  in  the  freezing  of  a  saturated  organised  body  capable  of  swelling  up 
is  somewhat  similar  to  that  which  occurs  in  a  freezing  solution.  In  this  ease  also,  when 
the  temperature  falls  to  a  certain  point,  only  a  portion  of  the  water  freezes ;  the  rest 
remains  as  water  of  imbibition  between  the  micells  of  the  body,  which  contracts,  while 
the  freezing  portion  of  the  water  of  imbibition  separates  to  form  ice-crystals.  This 
phenomenon  happens  in  a  striking  manner  in  starch-paste ;  a  homogeneous  mass  before 
freezing,  it  has  the  appearance  after  thawing  of  a  spongy  coarsely  porous  structure,  the 
water  running  off  clear  from  its  large  cavities.  The  behaviour  of  coagulated  albumen  on 
thawing  is  exactly  the  same.  In  these  cases  a  permanent  change  has  clearly  been 
brought  about  b^-  the  freezing  of  a  portion  of  the  imbibed  water ;  the  molecules  of  the 
substance  which  group  themselves  into  a  network  containing  but  little  water  when  ice  is 
formed  in  paste  or  coagulated  albumen,  on  thawing  no  longer  combine  with  the  portions 
of  the  water  which  separated  from  them  on  freezing  into  a  homogeneous  whole  ;  the 
thawed  paste  is  in  fact  no  longer  paste. 

When  living  succulent  tissue  freezes,  a  portion  only  of  the  water  separates  and 
freezes  as  pure  water,  the  rest  remaining  as  water  of  imbibition  in  the  protoplasm  and 
the  cell-walls,  at  least  as  long  as  the  temperature  does  not  sink  very  low.  In  leaves 
and  succulent  stems  frozen  at  a  temperature  between  -  s°  and  -  io°  C.  it  is  easily  seen 
that  only  a  portion,  of  the  water  is  present  in  the  form  of  crystals  of  ice ;  another  portion 
permeates  the  cell-walls  which  are  not  rigid  but  still  Hexible.  If  the  congelation  takes 
place  slowly,  the  water  assumes  on  the  surface  of  the  succulent  tissue  the  form  of  a 
coaling  of  ice  consisting  of  densely  crowded  small  crystals.  These  crystals  stand  at 
right  angles  to  the  surface  of  the  tissue,  and  increase  by  growth  at  their  base.  A 
very  large  portion  of  the  water  of  a  tissue  may  in  this  way  take  the  form  of  a  coating 
of  ice,  while  the  tissue,  becoming  less  watery,  contracts  in  proportion",  and  loses  its 


s  of  this  statement  is  supported  by  a  careful  series  of  observations  which  I 
communicated  to  the  konigl.  sachs.  Gesellsch.  der  Wissensch.  i860,  On  the  formation  of  crystals, 
&c.,  and  which  will  be  found  also  in  the  Landwirlhschaflliche  VcrsuchfStalionen,  i860,  Heft.  V. 
p.  167,  and  in  my  Handbook  of  Experimental  Physiology.  I  do  not  find  that  Goppert's  objections 
(Bot.  Zeitg.,  1871,  no.  14)  affect  my  results;  to  his  experiment  on  Calaaike  veratri/olia  quite  a 
diiferenl  explanation  can  be  given  from  that  suggested  by  him. 

'  Riidorff,  Po^.  Ann.  1861,  vol.  CXIV.  p.  63  ;  and  1863,  vol.  CXVI.  p.  55. 

'  When  this  contraction  operates  unequally  on  different  sides  of  a  leaf  or  branch,  it  is  easy  lo  see 
that  curvatures  must  result  which  are  indeed  actually  frequently  observed.  The  splitting  of  the 
trunks  of  trees  in  consequence  of  frost  is  probably  only  the  result  of  changes  of  this  nature. 
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turgidity.  This  phenomenon  is  seen  with  remarkable  clearness  in  the  large  leaf  stilLs 
of  Cynara  Scolymui  when  they  freeze  slowly  The  succulent  parenchyma  sepaiates 
from  the  epidermis,  which  surrounds  the  former  like  a  loose  sack  the  parenchyma  itselt 
splits  apart  in  the  interior  so  that  each  fibre  lascular  bundle  is  enclosed  m  an  envelope 
of  parenchyma.  Fig.  473  shows  how  the  coatmgs  ot  ice  project  from  the  masses  of 
parenchyma.  From  pieces  of  the  leaf-stalk  which  weighed  J96  gramnies  I  have  collected 
99  gr.  of  ice,  which,  when  evaporated  to  drjness  after  thiwing,  left  only  ihght  traces 
(about  o'l  p.  c)  of  solid  substance.  I  have  often  observed  similar  phenomeni  in  other 
plants;  the  formation  of  ice  is  however  not  so  regular  as  here  In  the  cavities  ot  the 
ruptured  tissue  (as  in  the  succulent  stems  of  the  Cabbage)  small  irregular  fl:il:es  of  ice  are 
formed ;  sometimes  the  ice  splits  the  epidermis  and  projects  jn  the  form  of  combs  above 
the  surface  of  succulent  stems  (Caspary).  I  have  already  shown  elsewhere'  that  when 
sections  of  succulent  parts  of  plants  (such  as  the  Beet)  are  protected  from  evaporation 
and  allowed  to  freeze  slowly,  continuous  coatings  of  ice  are  produced  on  the  surfaces  of 
the  section,  consisting  of  prisms  growing  at  the  base.  The  formation  and  growth  of 
these  ice-crystals  may  be  explained  in  this  way.  The  temperature  of  the  tissue  fills  to 
a  certain  point,  thereby  causing  the  freezing  of  an  extremely  thin  stratum  of  water 
which  overspreads  the  outside  of  the  uninjured  cell-walls,  A  new  very  thin  stratum  of 
water  then  immediately  passes  out  of  the  cell-wall  to  its  surface  and  also  freezes, 


thickening  the  stratum  of  ice  already  formed;  and  thus  it  goes  on.  The  cell-wall 
is  constantly  absorbing  cell -sap- water  from  within,  and  at  the  same  time  allows  the 
outermost  molecular  stratum  of  its  water  of  imbibition  to  freeze.  The  first  thin  layers 
of  ice  on  the  esterior  of  the  uninjured  cells  form  polygonal  plates  in  contact  with  one 
another;  each  plate  becomes  a  prismby  growth  on  its  lower  side;  and  the  closely  crowded 
prisms  form  a  coating  of  ice  which  easily  crumbles.  These  processes  cause  tbe  cell-sap 
to  become  a  more  and  more  concentrated  solution,  while  the  cell-wall  and  the  protoplasm 
contain  a  gradually  diminishing  quantity  of  water.  It  can  now  be  to  a  certain  extent 
understood  why  a  rapid  thawing  kills  the  cells,  while  a  slow  thawing  does  not;  for  if  the 
thawing  take  place  slowly,  the  ice-crystals  melt  at  their  base  where  they  touch  the  cell ; 
the  water  as  it  becomes  fluid  is  at  once  absorbed  Into  the  cell ;  and  the  original  con- 
ditions of  the  cell-sap,  cell-wall,  and  protoplasm  may  be  re-established,  if  they  have  not 
been  permanently  impaired  during  the  freezing.     If  on  the  contrary  the  coating  of  ice 

'  Sachs,  Formation  of  Crystals  in  the  Freezing,  and  chai'ge  of  the  Cell-walls  in  the  Thawing  of 
Succnlent  Parts  of  Plants  (Bericht  der  kiin.  sachs.  Ges.  der  Wisa.  i860).  I  have  already  mentioned 
in  the  first  edition  of  this  work  the  formation  of  crystals  in  the  interior  of  frozen  plants  described 
above,  and  applied  it  to  the  explanation  of  freezing.  Prillieux  {Ann.  des  Sci.  Nat.  vol.  XII.  p.  128) 
afterwards,  in  1869,  also  descril>eii  similar  phenomena  in  a  variety  of  plants. 
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mdt  off  very  quietly,  a  portion  of  the  water  runs  into  the  interstices  of  the  tissue 
before  ii  can  be  absorbed ;  the  original  normal  degree  of  concentration  of  the  cell-sap 
and  degree  of  imbibition  of  the  cell-wall  and  protoplasm  cannot  be  re-established  in  the 
cells;  and  this,  depiending  upon  the  chemicai  nature  of  the  substances  dissolved  in  the 
cell-sap  and  upon  the  conditions  of  the  micellar  structure  of  the  protoplasm  and  of  the 
cell-wall,  may  be  fatal.  It  is  evident,  on  the  view  here  taken,  that  the  danger  of  freezing 
increases  with  the  amount  of  water  in  the  tissue ;  for  the  less  watery  the  tissue  the  more 
concentrated  is  the  cell-sap  and  the  larger  is  the  proportion  of  water  retained  by  the 
force  of  imbibition ;  only  a  small  portion  of  the  water  can  therefore  fonii  ice-crystals, 
and  when  they  thaw  the  injurious  effects  are  not  so  great. 

We  can  now  also  understand  why  some  plants  are  killed  by  being  thawed  too  quickly 
when  they  have  been  frozen  by  very  severe  cold,  while  freezing  by  a  moderate  amount 
of  cold  is  not  injurious  to  them  ;  for  the  lower  the  temperature  falls  the  larger  is  the 
proportion  of  the  cell-sap  and  water  of  imbibition  that  is  converted  into  ice ;  the  dis- 
turbance of  the  degree  of  concentration  of  the  sap  and  of  the  imbibition  of  the  cell- 
wall  is  always  greater  with  the  increase  of  the  cold  ;  and  therefore  the  restoration  of 
the  nprmal  condition  on  thawing  more  difficult.  That  the  splitting  asunder  of  whole 
masses  of  tissue  during  freezing  such  as  has  been  described  has  but  little  effect  on  the 
continuance  of  the  life  of  the  organ  after  thawing,  is  shown  by  the  fact  that  even  the 
leaf-stalks  of  ihe  Artichoke,  the  frozen  state  of  which  is  represented  in  Fig,  473,  remain 
uninjured  till  the  following  summer  if  thawed  slowly.  These  interna!  rupturings  have 
as  little  to  do  with  the  sudden  destruction  of  the  life  of  the  cells  from  cold  as  the  splitting 
of  the  trunks  of  trees  caiised  by  frost,  which,  when  the  temperature  falls  very  low,  is 
produced  by  the  contraction  of  the  bark  and  outer  layers  of  wood,  the  crevices  again 
closing  when  the  temperature  rises. 

The  idea  that  growing  plants,  especially  those  which  require  a  high  temperature  for 
their  growth,  can  be  directly  killed  by  the  cooling  of  their  tissues  for  a  short  time  nearly 
to  the  freezing-point  is  shown  by  H.  de  Vries'  experiments  (/.  c.)  to  be  fallacious.  The 
older  observations  of  Bierkander  and  Hardy  that  some  plants  of  this  description  (e.g. 
Cucurbitace^,  ImpatUnj,  the  Potato,  Bixa  Oretlana,  Creicfutia  Cujele,  &c.)  freeze  when 
exposed  to  the  air  at  low  temperatures  above  the  freezing-point,  may  nevertheless  be 
explained  if  it  is  recollected  that  the  temperature  of  their  tissues  may  fail  below  the 
freezing-point  from  radiation,  even  when  that  of  the  air  is  2°  or  3°  or  even  5°  C.  above 
it.  But  there  is  another  way  in  which  low  temperatures  above  zero  are  injurious  to 
plants  from  southern  climates,  viz.  when  the  soil  about  the  roots  remains  for  a  consider- 
able time  at  this  low  temperature  while  the  leaves  continue  to  transpire.  In  this  case 
the  absorption  of  water  through  the  roots  becomes  so  slow  that  they  are  no  longer  able 
to  replace  the  loss  caused  by  evaporation  from  the  leaves,  which  in  consequence  wither, 
and  at  length  altogether  dry  up.  It  is  then  sufficient  to  warm  the  soil  about  the  roots, 
in  order  to  revive  the  withered  leaves ;  as  1  found  in  the  case  of  plants  of  Nhotiana, 
Cucurbiia,  and  Pbaieolus  grown  in  pots'.  In  England  the  branches  of  a  Vine  which 
were  made  to  grow  into  a  hothouse,  while  the  roots  stood  in  the  ground  outside,  withered 
in  winter,  evidently  only  from  the  low  temperature  of  the  ground,  lor  when  this  was 
watered  with  warm  water,  the  branches  in  the  hothouse  recovered 

1.  Among  the  changes  caused  in  plants  by  long-continued  depression  of  temperature, 
one  of  the  most  striking  is  the  change  in  colour  of  leaves  which  persist  through  the 
winter,  originally  observed  by  Mohl^,  and  recently  more  minutel)   studied  bj   Krms'. 

'  Sachs,  in  Landwirthschaftliche  Versnchsslationcn,  1865,  Heft  V.  p   19^ 

'  Mqhl,  Vennisclite  Schrifien ;  Tubingen,  1845,  p.  375. 

'  Kraus,  Observations  on  the  winter  colouring  of  evergreen  plants  in  the  Silzong'ber  det 
phys-med.  Socielat  za  Erlangen.  Dec.  19,  1871,  and  March  11,  1873  also  Bot  Zeitg  1874. 
[Batalin  has  shown  (Bot.  Zeilg.,  1874),  and  his  observations  have  been  confirmed  by  ^skenasy 
(Bot.  Zeitg,  1875),  Ihat  this  change  of  colour  is  due  ralher  to  the  influence  of  li,ht  thin  to  that 
of  cold.] 
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This  change  is  of  two  khids ;  the  leaves  either  merely  lose  their  colour  and  become 
brownish,  yellowish,  or  rusty  brown,  as  in  Taxm,  Jbiei,  Pinui,  Juniperui,  and  Baxus ;  or 
turn  3  decided  red  on  the  upper  sur&ce  as  in  Sedum  Semper-viiium  Ledum  Mahonia 
Face       m    'k.        ThI  fl  fthfitgpdpd  dgtK 

a  ch     g  th       hi      phyli  gr       1       wh    h  I        th        1     m       d  d  fi    t  I     dy 

mass    fptpl  f  ddhb  b  hyllwl         bgfmdwhl 

the  n     I  f  tl  II  II  Th  ■,e    I      8  II)  m  pi  t 

in  th      p  II     d        II  th      pp        d     th  th    p         h>  h  h  1      d    p 

Aspt  p  mt         h         th        ftltwpg        t  t  fhhfm 

acco  dgtK  tl  I         g      b  t  f    hi      phjll    th     g  Id      5  II 


Th  tl  ftl  dgphh  I         ddprplhb 

the    pp        d  th        1        t  d  d  h)  I       St      gly      f     t  Ij    g 

the     pp      p    t     f  th     p  II  sad        II        h    h     pp    r^     t       b       t  f  I        m  d      h 

the  I  d  b  t    I    wh         f     p  I    y  11  d  ts  ly    i  t  Th 

chlorophyll-granules,  intact  and  ot  a  beautiful  green,  are  all  crowded  together  in  the 
inner  end  of  these  cells.  In  the  spongy  parenchyma  of  the  mesophyll  a  colourless  or  red 
mas;  of  tannin  occurs  in  the  centre  of  each  cell,  while  the  chlorophyll-granules,  also 
intact,  are  collected  in  roundish  or  irregular  lumps,  sometimes  in  one  place,  sometimes  in 
several,  but  always  on  the  sides  towards  the  adjoining  cells.  In  these  cases  the  colouring 
matter  of  the  chlorophyll  is  unchanged  with  regard  to  either  of  its  constituent  pigments. 
The  red-colouring  matter  is  soluble  in  water,  and  cannot  be  distinguished  by  spectrum- 
analysis  from  the  red  colouring  substances  of  flowers. 

In  all  leaves  which  persist  through  the  winter,  and  in  the  green  parts  of  bark,  Kraus 
found  that  the  chlorophyll -granules  had  removed  from  the  walls  to  the  interior  of  the 
cell,  and  had  collected  there  in  lumps  (see  Sect.  8).  When  the  weather  has  become 
sufficiently  warm  in  the  spring,  the  normal  condition  is  restored ;  the  red  colouring  sub- 
stance disappears,  and  the  chlorophyll-granules  again  take  up  their  normal  position  on 
the  cell-walls.  Kraus  shows  that  the  winter  change  of  the  leaves  depends  on  the  fall  of 
the  temperature,  since  it  is  restored  to  the  normal  state  by  a  simple  rise  in  the  tempera- 
ture, whether  in  the  dark  or  the  light.  By  taking  cut  branches  of  Box  into  a  warm 
room  when  the  cold  was  severe  and  placing  them  in  water,  he  found  that  the  proto- 
plasm of  the  cells,  which  had  becoms  homogeneous  after  one  or  two  days,  collected  on 
the  walls,  and  then  divided  into  grains  (as  in  the  formation  of  chlorophyll-granules  in 
the  dark) ;  the  red  colouring  matter  being  changed  first  to  a  yellowish-green  and 
finally  to  pure  green.  After  the  lapse  of  three,  fire,  or  at  most  eight  days,  the  walls  of 
the  cells  became  lined  with  bright  green  sharply-defined  chlorophyll-granules.  In 
Thuja  the  process  required  two  to  three  weeks  (with  me  however  only  a  few  days). 
The  restoration  is  therefore  rather  a  slow  process;  while,  according  to  Kraus,  a  single 
frosty  night  suffices  to  bring  about  the  change  in  the  form  and  colour  of  the  chloro- 
phyll-granules in  the  case  of  Buxui,  Saiina,  and  Ibuja.  That  light  has  no  share  in  the 
restoration  of  the  normal  condition  of  the  chlorophyll  is  shown  by  the  fact  that  it 
takes  place  also  in  branches  which  are  kept  in  a  dart  room.  On  the  other  hand,  the  fact 
that  the  parts  protected  by  being  covered  by  other  leaves  show  no  change  of  colour 
would  seem  to  indicate  that  the  whole  phenomenon  has  less  to  do  with  the  low  tempera- 
ture of  the  air  than  with  the  cooling  produced  by  radiation. 

4.  Convenient  contriirances  for  observing  the  action  of  particular  higher  or  lower 
temperatures  on  plants  or  parts  of  plants  of  considerable  size  are  easily  arranged^ 
It  is  morfe  difficult  to  expose  microscopic  objects  to  a  particular  higher  or  lower 
temperature  in  such  a  manner  that  it  can  easily  and  certainly  be  observed,  and  that 
the  temperature  of  the  object  is  also  that  indicated  by  the  thermometer,  or  nearly  so. 

■  Sec  Sachs,  Handb.  der  Exp.-Phys,  pp.  64,  66.  , 
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All  these  requirements  are  fulfilled  by  the  very  cheap  heating  apparatus  for  the  micro- 
scope represented  in  Fig.  474.  Since  I  have  not  only  made  great  use  myself  of  this 
apparatus  for  three  years,  but  have  also  recommended  it  to  others,  a  description  is  the 
more  in  place  here  as  it  is  well  adapted  for  demonstrations  in  lecture -rooms. 

The  size  of  the  heating  apparatus  must  vary  with  that  of  the  microscope ;  mine  is 
constructed  for  one  of  Hartnact's  ordinary  instruments.  The  box  is  nearly  cubical,  and 
has  double  walls  of  sheet-zinc  at  the  bottom  and  sides,  enclosing  a  space  35  mm.  thick, 
which  is  filled  with  water  through  the  hole  /.     It  is  quite  open  above ;  but  in  the  front 


side-wall  is  an  opening/,  which  is  closed  by  a  glass  plate  well  fitted  but  not  other- 
wise fixed.  This  window  is  sufficiently  large,  and  is  so  placed  that  it  allows  enough  light 
to  fall  on  the  mirror  of  the  microscope  which  stands  in  the  box.  The  height  of  the 
box  is  so  arranged  that  the  upper  rim  of  the  double  wall  is  on  a  level  with  the  arm  i  of 
the  microscope.  The  opening  of  the  box  is  closed  by  a  thick  cardboard  cover  d  d,  in 
which  an  opening  is  cut  exactly  to  fit  the  arm  b.  By  the  side  of  the  tube  of  the  micro- 
scope a  round  hole  is  cut  in  the  cover  through  which  a  closely  fitted  small  thermometer 
/  is  passed,  so  that  its  bulb  hangs  near  the  object.  The  box  is  painted  on  the  inside 
with  black  yarnish,  and  a  piece  of  cardboard  moistened  with  water  lies  beneath  the  foot 
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of  the  microscope  in  order  to  prevent  its  moving  and  to  keep  tlie  air  witliin  moist* 
The  focus  is  easily  adjusted  to  the  object  by  means  of  the  iine  adjustment  1  which  pro- 
jects above  the  cover;  two  openings  in  the  side,  one  of  which  is  shown  at  0,  enable 
the  slide  bearing  the  object  to  be  moved,  when  necessaiy,  by  a  pair  of  forceps.  It  Is 
still  more  convenient  to  fix  the  slide  on  a  wire  which  goes  through  a  cork  fitted  to  (he 
opening  0. 

If  observations  are  required  at  a  high  temperature,  the  water  in  the  box  is  heated 
by  a  spirit-lamp  placed  underneath.  When  the  temperature  has  reached  nearly  the 
desired  point,  the  spirit  lamp  is  replaced  by  an  oil-lamp  with  a  floating  light ;  the  tem- 
perature will  after  a  time  become  constant.  In  order  to  obtain  higher  or  lower  constant 
temperatures,  one,  two  or  three  floating  night-lights  are  placed  in  the  lamp.  If  care  is 
taken  that  the  combustion  be  uniform,  the  temperature  in  the  bos  remains  for  several 
hours  so  constant  that  it  will  vary  only  about  1°  C.  This  constancy  of  temperature 
ensures  that  the  temperature  of  the  object  itself  is  that  indicated  by  the  thermometer. 

It  is  easy  by  means  of  this  heating  apparatus  to  observe  and  demonstrate  the  influence 
of  temperature  on  protoplasm-currents.  To  take  observations  at  low  temperatures  it 
is  sufficient  to  enlarge  the  hole  i,  in  order  from  time  to  time  to  place  pieces  of  ice  in  the 
cold  water'. 

Sect.  8.— Action  of  Iiight  on  Vegetation^.  A.  General.  The  entire  life 
of  the  plant  depends  on  the  action  of  light  on  the  cells  that  contain  chlorophyll,  this 
being  the  essential  condition  under  which  new  organic  compounds  are  formed  out 
of  the  elements  of  carbon  dioxide  and  water.  The  amount  of  oxygen  evolved  in 
this  process  is  nearly  the  same  as  that  required  for  the  combustion  of  the  substance 
of  the  plant ;  and  the  amount  of  work  equivalent  to  the  heat  produced  by  this  com- 
bustion gives  a  measure  of  the  amount  of  work  performed  by  light  in  the  chloro- 
phyll-containing cells  of  the  plant. 

After  a  certain  quantity  of  assimilated  substance  has  been  produced  under  the 
influence  of  light,  a  long  series  of  vegetative  processes  may  be  carried  on  at  its 
expense  without  any  further  direct  action  of  light.  The  growth  of  new  organs  and 
the  metastasis  connected  with  it  kept  up  in  the  organs  by  means  of  respiration  is 
entirely  or  to  a  certain  extent  independent  of  light,  and  can  even  be  carried  on  in 
absolute  darkness.  This  is  the  case  in  the  germination  of  seeds,  bulbs,  and  tubers, 
the  development  of  buds  from  woody  branches  and  underground  rhizomes,  &c. 
Even  leafy  plants  which  have  accumulated  a  sufficient  quantity  of  re  serve -material  in 
the  light  put  out  shoots  and  even  flowers  and  fruits  when  placed  in  the  dark. 

As  the  parts  of  chlorophyO-containing  plants  which  are  underground  or  other- 
wise excluded  from  light  are  nourished  by  the  products  of  assimilation  produced  in 
the  light,  so  also  parasites  and  saprophytes  destitute  of  chlorophyll  live,  as  has 
already  been  explained,  on  the  work  perfonned  by  plants  that  contain  chlorophyll, 
and  are  therefore  dependent  indirectly  on  light,  even  though  the  whole  of  their 
development  may  be  completed  in  darkness,  as  in  the  Truffle ;  in  other  instances 
they  only  emerge  to  unfold  in  the  air  the  flowers  already  formed  underground,  and  to 

■  [For  further  arrangements  for  maintaining  a  constant  temperature  under  the  microscope,  see 
Strieker  and  Buidon-Sanderson,  Quart.  Joum.  Micr.  Sci.  1870  ;  Schafer,  ibid.  1874.] 

"  A-  P.  De  CandoUe,  Physiologie  v^getale,  1832.— Sachs,  Ueber  den  Einfluss  des  Tages-lichles 
auf  NeubiWung  u.  Entfaltuiig  verschiedener  Pflanzenorgane ;  Bot.  Zeitg.  1863,  Supplement.— Sachs, 
Wirkung  des  Lichtes  auf  die  Blijtbenbildung  a,  Vermittlung  der  Laobb^tter;  Bot.  Zeitg.  1865, 
p.  117. — Sachs,  Handb,  der  Ejp.-Phys.  1865,  p.  i. 
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disseminate  their  seeds,  as  is  the  case  with  Limodorum  aborltvum,  Epipogium,  Coral- 
lorhiza,  Mono/repa,  Laihraa,  Orobanche,  &c.  Even  many  plants  which  do  contain 
chlorophyll  and  which  live  on  inorganic  food  complete  their  growth  and  the  pro- 
cesses connected  with  it  in  complete  darkness,  only  putting  forth  their  green  leaves 
at  certain  times  for  the  purpose  of  again  accumulating  beneath  the  ground  fresh 
formative  material.  This  is  the  case  with  the  Autumn  Crocus,  Tulip,  Crown  Imperial, 
terrestrial  Orchids,  and  many  others,  and  especially  with  plants  which  form  bulbs, 
tubers,  and  rhizomes.  If  the  gromng  end  of  a  stem  of  a  green-leaved  plant  {e.  g. 
Cucurbila,  Tropmolum,  Ipomaa,  or  Hederd)  is  secluded  from  all  light  while  the 
green  leaves  remain  exposed  to  it,  the  buds  develope  in  the  dark ;  leaves  and  flowers 
are  produced,  which  latter  attain  their  full  size  and  beauty  of  colour,  are  capable 
of  fertilisation,  and  produce  fruits  and  even  fertile  seeds  at  the  expense  of  the 
substance  assimilated  in  the  light  in  the  green  leaves  and  carried  to  them  by  the 
stem. 

These  and  a  number  of  other  facts  show  that  growth,  ('.  e.  the  processes  by 
which  the  form  of  the  plant  is  attained,  and  metastasis  are  not  necessarily  dependent, 
or  only  to  a  subordinate  extent,  on  the  influence  of  light,  if  only  the  necessary 
quantity  of  assimilated  material  has  previously  been  accumulated. 

This  is  a  general  statement  of  the  case.  If  however  the  various  separate 
processes  of  vegetation  are  observed — the  behaviour  of  protoplasm,  the  formation, 
arrangement,  activity,  and  destruction  of  chlorophyll,  the  growth  of  the  younger 
and  older  parts,  the  movements  resulting  from  the  tension  of  the  tissues,  &c, — 
a  long  series  of  very  varied  facts  presents  itself  which  require  detailed  consideration, 
because  the  rays  of  different  refrangibility  which  are  mingled  in  white  daylight 
affect  vegetation  in  a  manner  altogether  different;  certain  functions  are  induced 
only  by  the  highly  refrangible  rays,  others  only  or  chiefly  by  those  of  lower  refran- 
gibility. These  eff'ects  moreover  vary  not  only  with  the  temperature  but  also  with 
the  intensity  of  the  particular  rays.  Finally  it  must  be  observed  that  light  affects 
plants  only  when  its  rays  penetrate  into  their  organs ;  this  however  modifies  their 
intensity  and  to  a  certain  extent  also  their  refrangibility.  In  every  investigation  of 
the  action  of  light  these  points  must  therefore  be  kept  in  view.  The  following 
summarises  what  is  at  present  known  as  to  the  general  facts. 

(i)  Action  of  rays  of  different  refrangibility.  The  rays  of  different  refrangibility 
commingled  in  white  simlight  which  appear  as  variously  coloured  bands  in  the 
spectrum  vary  in  their  physiological  action  on  the  processes  of  vegetation.  Chemical 
changes,  so  far  as  they  are  in  the  main  dependent  on  light,  are  produced  chiefly 
or  solely  by  rays  of  medium  or  low  refrangibility  {viz.  the  red,  orange,  yellow,  or 
green).  This  is  the  case  for  instance  with  the  production  of  the  green  colour  of 
chlorophyll,  the  decomposition  of  carbon  dioxide,  and  the  formation  in  chloro- 
phyll of  starch  or  sugar. 

On  the  other  hand  the  rays  of  high  refrangibility  (the  blue  or  violet,  as  well 
as  the  invisible  ultra-violet  rays)  are  the  principal  or  the  only  ones  which  produce 
mechanical  changes  so  far  as  these  are  dependent  on  light.  It  is  these  rays  which 
influence  the  rapidity  of  growth,  alter  the  movements  of  the  protoplasm,  compel 
swarm-spores  to  adopt  a  definite  direction  in  their  motion,  and  change  the  tension 
of  the  tissues  of  the  motile  organs  of  many  leaves  and  hence  affect  their  position. 
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These  two  laws,  the  resuU  of  careful  observation,  are  only  in  apparent 
contradiction  to  the  division  of  the  rays  of  light  which  is  current  in  chemistry 
and  physics  into  those  called  chemically  active,  including  the  highly  refrangible 
blue,  violet,  and  ultra-violet,  and  the  chemically  inactive,  or  at  least  less  active, 
including  the  less  refrangible  red,  orange,  and  yellow,  and  partly  also  the  green 
rays.  This  division  has  long  been  familiar;  silver- salts,  nitrogen  chloride,  and 
other  inorganic  compounds,  are  powerfully  acted  on  by  the  former,  scarcely  at 
all  by  the  latter.  But  when  it  was  shown  that  the  organico- chemical  processes 
in  plants  were  caused  mainly  or  solely  by  the  latter  kind  of  rays,  it  was  seen  (hat 
this  classification  into  chemical  and  non-chemical  rays  resulted  from  an  imperfect 
induction,  and  that  the  correct  statement  of  the  fact  is  rather  that  there  are  chemical 
processes  (generally  dependent  on  light)  which  are  related  to  rays  of  particular 
refiangibility.  As  far  as  concerns  the  mechanical  effect  on  the  plant  of  the  highly 
refrangible  rays,  it  is  at  present  uncertain  whether  they  are  not  ultimately  due  to 
chemical  changes.  In  any  case  the  action  is  visible  to  the  observer  only  in  the 
form  of  mechanical  effect  (movements,  tensions,  &c.);  and  ibis  is  in  harmony 
with  the  classification  given  above. 

If  sunlight  is  made  to  pass  through  sufficiently  thick  strata  of  solutions  of 
potassium  bi-chromate  and  ammo niacal  copper  oxide',  the  first  only  permits  the 
passage  of  hght  consisting  of  the  less  refrangible  half  of  the  spectrum  (red,  orange, 
yellow,  and  some  green),  while  the  blue  solution  allows,  in  addition  to  some  green, 
only  the  blue,  violet,  and  ultra-violet  rays  to  pass  through.  The  sunlight  is  therefore 
in  each  case  halved  by  absorption  in  such  a  way  that  the  spectrum  beneath  the 
orange  solution  extends  from  the  red  to  the  green,  that  beneath  the  blue  solution 
froip  the  green  to  the  ultra-violet.  If  the  light  after  passing  through  one  or  other  of 
these  Buids  is  directed  on  plants  capable  of  decomposing  carbon  dioxide  and  of  curving 
heliotropically,  and  pieces  of  very  sensitive  photographic  paper  are  at  the  same  time 
exposed  by  their  side,  it  is  seen  that  the  less  refrangible  rays  of  light  (transmitted 
through  the  potassium  bichromate)  effect  the  decomposition  of  carbon  dioxide  and 
the  colouration  and  decolouration  of  the  chlorophyll  almost  as  energetically  as  white 
daylight,  while  they  produce  only  a  very  slight  effect  on  the  photographic  paper. 
The  growth  of  seedlings,  on  the  other  hand,  proceeds  in  this  light  exactly  as  in  the 
dark,  although  the  leaves  turn  green.  Conversely  the  light  which  has  passed  through 
the  ammoniacal  copper  oxide  has  very  little  effect  in  decomposing  carbon  dioxide, 
although  the  action  on  photographic  paper  is  very  vigorous.  The  growth  of  seed- 
lings is  on  the  other  hand  the  same  as  in  while  light ;  and  the  mechanicaJ  process  of 
heliotropic  curvature  is  very  manifest.  A  number  of  more  recent  observations  have 
confirmed  and  extended  the  i'esults  previously  obtained^ 

(2)    Variation  in  the  aciim  of  light  onplants  inproporlion  to  Us  inlensi/y\     That 


□  detail. 


Sachs,  Bot.  Zeitg.  1864,  p.  253  el  stq.,  where  the  labours  of  previous  observers  are  referred  ti 


•  I  have  replied,  in  the  second  part  of  the  'Arbeiten  des  botan,  Inst,  in  Wiitzburg,'  1872, 
to  the  objections  urged  by  PriilieuK  lo  this  statement,  which  rest  on  an  entire  confusion  of  the 
ideas  Intensity  of  Light  (objective).  Brightness  (subjective),  Refrangibility  (an  objective),  and  Colour 
(a  subjective)  property  of  light. 

'  With  respect  to  the  distinction  which  must  here  be  borne  in  mind  between  the  objective 
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intensity  of  light  and  its  brightness  to  the  eye,  see  the  paper  quoted  above  and  the  literature  there 

'  See  the  admirable  paper  by  Wolkoff  in  the  Jahrb.  fur  wiss.  Bot.  vol.  V.  p.  i. 
'  Pfetfec  in  SilzungEber.  dec   Ges.  zur  Eefdrderung  der  ges.   Naturwiss.  fiir  Marbui^,   187a, 
May  16. 

'  See  note  on  p,  747. 

'  See  Ilerv^  Mangon,  Comp.  rend.  18S1,  p.  243.— Piillieux,  ibid,  1S69,  p,  408. 

'  Bonsen  and  Roscoe,  Pogg.  Ann.  vol.  108. 
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additional  proof  that  these  rays  play  only  an  extremely  small  part  in  this  process,  so 
small  indeed  that  in  the  experiments  the  actual  effect  might  be  concealed  by  other 
causes  (see  p.  744).  He  next  used  as  the  source  of  light  a  dull  glass  plate 
illuminated  by  daylight,  at  different  distances  from  which  he  exposed  the  plants 
iCeralophyllum,  Potamogelon,  Ranunculus  ftuitans)  in  a  dark  room;  and  he  ascer- 
tained that  the  exhalation  of  gas  was,  within  certain  limits,  nearly  proportional  to 
the  intensity  of  the  light'.  There  is  probably  however  some  particular  intensity  of 
the  efficient  rays  at  which  a  maximum  of  gas  is  exhaled,  and  above  which  the 
"apidicy  of  the  process  again  decreases  and  the  plant  suffers  injury;  but  whether 
this  maximum  intensity  of  light  is  attained  or  exceeded  by  the  sunlight  as  it  falls 
on  the  surface  of  the  earth  cannot  at  present  be  determined.  In  reference  to 
the  smallest  degree  of  intensity  of  light  at  which  exhalation  of  gas  can  still  take 
place,  we  have  only  the  statement  of  Boussingault  that  a  leaf  of  Oleander  ceased 
to  exhale  oxygen  after  sunset  ^. 

The  green  colour  of  the  chlorophyll  of  Monocotyledons  and  Dicotyledons  is 
not  produced  in  the  dark,  as  may  be  seen  by  enclosmg  plants  in  closely  shutting 
boxes  of  wood  or  metal,  or  in  a  dark  cellar.  The  colouration  begins  however 
when  the  amount  of  Ught  is  barely  sufficient  to  read  a  book  by;  and  when  it  in- 
creases to  the  ordinary  brightness  of  a  sunny  summer  day,  the  rapidity  of  the 
change  increases,  and  the  colour  becomes  a  deeper  green  than  that  produced 
when  plants  are  placed  for  a  longer  time  in  places  not  so  strongly  illuminated. 
Famintzin  nevertheless  showed',  in  the  case  of  Lepidium  sativum  and  Zea  Mais, 
that  bleached  seedlings  become  green  more  slowly  in  direct  sunlight  than  in  dif- 
fused daylight. 

The  small  intensity  of  light  which  suffices  for  the  formation  of  chlorophyll  is 
not  sufficient  for  assimilation  or  for  the  formation  of  starch  in  the  chlorophyll- 
granules.  Plants  (such  as  Dahlia,  Faba,  Phaseolas,  CucurHia,  &c.)  which  rapidly 
become  green  in  the  normal  condition  of  full  daylight,  as  well  as  in  the  diffused 
light  of  the  back  of  a  room,  still  form  no  starch  in  their  chlorophyll-granules.  They 
do  however  produce  starch  when  placed  in  a  window  where,  at  the  most,  they  enjoy 
but  half  the  direct  sunlight  and  diffused  daylight ;  but,  in  harmony  with  this,  the 
assimilation  of  these  plants  is  much  less  active  in  the  window  than  in  full  daylight  in 
the  open  air '.  The  following  experiment  gives  a  somewhat  more  precise  result. 
Four  plants  of  Tropaolum  majus  grown  from  seed  in  the  back  of  a  room,  all  gave, 
when  dried  at  iio°C.,  a  smaller  weight  than  the  seed;  they  had  not  assimilated, 
and  died  after  consuming  the  reserve-material,  although  in  the  shade  of  the  room 
they  all  produced  green  leaves.  Four  other  plants  of  the  same  species  which 
germinated  at  the  same  time  grew  for  three  months,  exposed  for  only  seven  hours 
each  day  to  the  diffused  light  of  a  west  window  in  the  forenoon ;  they  formed 
nearly  5  grammes  of  dry  substance.  Four  other  plants  which  were  exposed  in  a  west 
window  from  i  p.m.  till  the  following  morning,  and  therefore  to  the  afternoon  sun- 
shine, produced  also  only  5  grammes ;  while  four  other  plants  which  stood  in  the 

'  See  also  Ffeffer,  Arbeiten  des  botao.  Inst,  in  Wijriburg,  Heft  I.  p.  41. 
'  Comp.  rend.  vol.  58,  p.  410. 

'  Famintzin,  Melanges  biologiqnes;  P^tersbourg,  vol,  VI.  p.  94,  1866. 
'  Sachs,  Bot,  Zeitg.  1862,  No  47 ;  and  1864,  p.  189  «  sej. 
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window  during  the  same  time  day  and  night  produced  nearly  twenty  grammes  of 
dry  substance '.  It  is  a  necessary  conclusion  from  the  increase  in  weight  of  these 
plants,  that  in  the  diffused  daylight  of  the  window  of  a  room  carbon  dioxide  is 
decomposed  by  the  cells  which  contain  chlorophyll,  and  that  this  does  not  take 
place  with  great  activity.     The  same  conclusion  is  drawn  from  the  observation  that 
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(as  the  Wood- Sorrel),  are  killed  by  constant  exposure  to  broad  daylight;  but 
whether  in  these  cases  it  is  the  intensity  of  the  light  or  the  transpiration  that  is  too 
great,  and  which  of  the  two  is  the  direct  cause  of  injury,  is  unknown.  Stems  which 
attain  an  enormous  length  in  complete  darkness  remain  perceptibly  shorter  in  the 
shade  of  a  room  ;  in  a  window  their  growth  is  sdll  less,  and  least  of  all  in  the  open 
air  in  full  daylight.  The  reverse  is  the  case  with  the  leaves  of  Dicotyledons  and 
Ferns;  in  the  dark  they  are  often  very  small;  in  deep  shade  they  are  considerably 
larger,  and  still  more  so  in  a  light  window ;  in  this  position  they  even  appear  in 
many  plants  {Phaseolm,  Begonia,  &c.)  to  attain  their  maximum  of  superficial  de- 
velopment, remaining  smaller  in  the  open  air '. 

{3)  Pendration  of  ike  rays  of  light  into  the  plant.  In  order  to  determine  the 
dependence  on  light  of  certain  phenomena  of  vegetation,  it  is  of  special  interest  to 
know  the  depth  to  which  rays  of  a  given  refrangibility  can  penetrate  any  tissue 
of  a  plant,  and  the  intensity  with  which  the  different  elements  of  daylight  act  on 
particular  internal  layers.  With  the  exception  of  the  underground  parts  of  plants, 
stems  enveloped  in  bark,  young  organs  enclosed  in  leaf-buds,  and  the  like,  which 
are  in  complete  darkness,  the  assimilating  and  growing  organs  are  penetrated  by 
light.  The  deeper  the  light  penetrates,  the  more  does  it  lose  in  intensity  by  ab- 
sorption, reflexion,  and  dispersion.  This  loss  however  affects  the  different  elements 
of  white  light  in  very  different  degrees,  as  was  shown  by  ray  investigations  made 
in  1859",  at  present  the  only  ones  on  this  subject.  The  rays  of  greatest  re- 
frangibility are  in  general  almost  entirely  absorbed  by  the  superficial  layers  of 
tissue,  while   the   red   light   penetrates  most  deeply.     Of  successive   layers  of  an 


'  Sachs,  Exp.-Pfiys.  p.  ai.  It  must  however  be  observed  that  the  shorter  the  diuation  of  the 
light  in  these  cases,  the  longer  was  the  time  of  their  exposure  to  the  dark  in  which  Ihey  again  lo6t  a 
portion  of  the  assiniilaled  substance  by  respiration. 

»  The  statement  made  by  Fammtzin  (Mel.  biol.  vol.  VI.  p.  73,  1866)  that  the  motile  Algffi, 
Chlamydomaaas  puiviscului,  Euglena  viridis,  and  Oscillatoria  insgais  turn  both  from  direct  sunlight 
and  deep  shade  to  a  light  of  medium  intensity,  is  contradicted  by  Schmidt  (quoted  infra),  who  found 
that  they  always  turn  to  light  of  greater  intensity,  and  even  to  direct  sunlight.  The  method  of 
obseivalion  of  both  authors  was  however  very  imperfect.     [See  also  p.  752.3 

'  Saclis.  Ueber  die  Durchleuditung  dec  Pilanraitheile ;  Sitzungsber.  der  Wieii.  Akad.  1S60, 
vol.  43 ;  and  Handb.  der  Exp.Phys,  p.  6. 


vGooqIc 


ACTION   OF  LIGHT   ON    VEGETATION.  743 

apple,  gourd,  succulent  stems,  &c,  only  the  outermost  receives  the  light  that  falls 
on  it  unchanged  (independently  of  the  reflexion  from  the  surface) ;  each  deeper 
layer  is  penetrated  by  light  less  intense  than  the  preceding  one,  and  of  a  different 
composition.  This  change  in  the  light  which  penetrates  the  tissue  is  principally 
caused  by  colouring  materials,  especially  chlorophyll,  which  have  an  absorptive 
power  for  particular  groups  of  rays,  allowing  others  to  pass  through,  and  producing 
in  addition  rays  by  fluorescence  which  were  not  contained  in  the  incident  light. 
But  the  relations  of  these  changes  of  light  in  the  tissues  to  the  changes  which 
the  light  causes  are  not  yet  accurately  known;  not  even  in  reference  to  chloro- 
phyll, to  which  we  shall  again  recur.  What  we  have  now  said  is  intended  only 
to  draw  the  attention  of  the  student  to  the  subject;  more  exact  investigations 
must  be  made  in  working  out  the  different  questions  which  arise. 

B.  Special,  (i)  Chemical  Adion  of  Light  on  Plants,  {a)  Formation  of  Chloro- 
phyll'. In  the  formation  of  the  chlorophyll- granules  the  protoplasm  becomes 
differentiated  into  a  colourless  continuous  part  which  forms  Che  proper  motile  pro- 
toplasmic body  of  the  cell,  and  into  smaller  distinct  green  portions  which  rtmain 
imbedded  in  the  former,  the  chlorophyll-granules.  This  process,  as  far  as  concerns 
the  differentiation,  is  independent  of  light,  at  least  in  flowering  plants,  wh^re  the 
chlorophyll -granules  are  formed  in  the  cells  of  the  leaves  even  in  the  dark.  The 
'chemical  process,  on  the  contrary,  Tjy  WlUtli  tfte  green  colour  is  proauced  has 
a  complicated  dependence  on  light.  If,  for  instance,  the  temperature  is  sufficiently 
high,  the  green  colouring  substance  is  formed  in  the  cotyledons  of  Conifers  and 
in  the  leaves  of  Ferns  in  complete  darkness  as  well  as  under  the  influence  of  light  ^. 
In  Monocotyledons  and  Dicotyledons,  on  the  contrary,  the  chlorophyll-granules 
which  are  formed  in  the  dark  remain  yellow  °,  until  they  are  exposed  to  light  even  of 
small  intensity,  when  they  become  green  if  only  the  temperature  is  sufficiently  high ; 
and  the  nearer,  as  I  have  shown,  the  temperature  approaches  a  definite  maximum 
(35  to  30°C,)  the  quicker  does  the  chlorophyll  of  Angiosperms  become  green  in  the 
light.  Provided  therefore  that  the  temperature  is  favourable,  the  chlorophyll  in 
the  cotyledons  of  Conifers  and  the  leaves  of  Ferns  does  not  require  light  in  order 
to  assume  its  green  colour ;  while  that  in  Angiosperms  does  require  it ;  and  in  both 
cases  the  change  does  not  take  place  at  a  low  temperature  (see  p.  723).  It  may  be 
added  here  that  the  subterranean  protonema  of  Mosses  contains  chlorophyll,  though 
but  in  small  quantity. 

It  may  be  concluded  from  such  observations  as  have  been  made  that  all  the 
visible  parts  of  the  solar  spectrum  have  the  power  of  turning  the  etiolated  chlorophyil- 

'  Sachs,  Bot.  Zeitg.  1S62,  p.  365,  and  Exp.-Phys.  pp.  10  and  318. — Sachs,  Flora,  1862,  p.  213, 
and  1864,  no.  32.— Mohl,  Bot.  Zeitg.  J86l,  p.  238.— Eohm,  Siiiungsber.  der  Wiener  Akad,  yol.  TI. 
Compare  also  Book  I.  sect.  6  of  this  work. 

'  P.  Schmidt  (Ueber  einige  Wiiliungtn  des  Lichts  auf  Pflanzer ;  Dissertation,  Breslau  ie?o, 
p.  tz)  believes  that  these  facts  can  be  at  least  partially  combated  ;  bot  his  experiments  only  prove 
that  the  chlorophyll  which  is  fonned  in  the  dark  Is  again  destroyed  by  long  exposure  to  dark  at  a 
high  temperature  (337°  C,),  as  is  also  the  case  with  other  plants. 

•  [Elfumg  has  found  (Arb.  d.  bot.  Inst,  in  Wiirzburg,  II.  3,  1880)  that  exposure  to  light  at  a 
temperature  which  ia  not  sufficiently  high  to  produce  chlorophyll  leads  to  an  increased  formation  of 
the  yellow  colouring  matter  {tliolin)  in  etiolated  seedlings. 

There  is  reason  lo  believe  that  chlorophyll  is  derived  from  etiolin  (see  Wiesner,  Entstehiing  des 
Chlorophylls,  Wien,  18;;).] 
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granules  of  Angiosperais  green;  but  that  the  j-ellow  rays  and  those  nearest  (o 
them  on  each  side  are  the  most  powerful;  and  that  this  is  also  the  case  with  the 
exhalation  of  oxygen  from  cells  containing  chlorophyll '. 

(i)  The  Decomposilion  of  carbon  dioxide  in  cells  containing  chlorophyll,  on 
which  depends  the  assimilation  of  plants,  and  which  is  perceptible  externally  by 
the  exhalation  of  a  volume  of  oxygen  nearly  equal  to  that  of  the  carbon  dioxide 
absorbed,  is  brought  about  at  a  favourable  temperature  (see  p.  739)  by  rays  of  light. 
In  submerged  water-plants  the  gas  (always  mixed  with  a  larger  or  smaller  quantity 
of  nitrogen)  escapes  in  the  form  of  bubbles  from  wounds,  especially  transverse  cuts 
of  the  stem ;  and  it  has  been  shown  by  Pfeffer  and  myself  that  when  their  size 
is  constant  the  rapidity  of  these  bubbles,  i.e.  the  number  of  them  formed  in  a  unit  of 
time,  may  even  be  used  to  give  an  exact  measurement.  In  observations  on  land- 
plants  it  is  on  the  other  hand  necessary  to  expose  the  leaves  to  light  together  with 
ah-  contaming  carbon  dioxide  in  glass  vessels  of  a  suitable  size  and  form,  and  to 
measure  the  quantity  of  gas  by  a  eudiometer. 

The  smallest  intensity  of  light  necessary  for  the  evolution  of  oxygen  is — 
judged  by  the  subjective  measure  of  its  brightness  to  our  eye — rather  considerable 
(see  p.  743).  This  evolution  is  always  taking  place  with  considerable  energy  in 
diffused  daylight,  even  when  the  rays  reach  the  plant  only  from  a  small  portion  of 
the  sky ;  but  it  is  much  stronger  in  direct  sunlight. 

The  specific  effect  on  the  evolution  of  oxygen  of  the  variously  refrangible 
elements  of  sunlight,  in  other  words  of  the  different  coloured  bands  of  the  solar 
spectrum,  has  been  carefully  investigated  by  Draper  and  very  recently  again  by 
Pfeffer ".  The  observations  were  made  partly  with  the  solar  spectrum,  partly  with 
solutions  of  different  colours  which  transmitted  light  of  a  particular  refrangibility. 
The  amount  of  gas  exhaled  was  measured  partly  by  the  eudiometer,  partly  by  the 
number  of  bubbles.  Pfeffer  points  out  '  that  each  portion  of  the  spectrum  exercises 
a  specific  quantitative  influence  on  the  power  of  assimilation ;  and  that  this  remains 
unchanged  whether  the  particular  rays  act  separately  on  the  parts  of  plants  that 
contain  chlorophyll,  or  combined  with  some  or  with  all  the  other  rays  of  the 
spectrum.' 

The  following  additional  result  was  also  obtdned  from  Draper's  and  Pfeffer's 
observations,  and  from  mine  already  quoted : — '  Only  those  rays  of  the  spectrum 
which  are  visible  to  our  eye  have  the  power  of  decomposing  carbon  dioxide ;  and 
indeed  those   which  appear  brightest  to  the  eye,  the  yellow  rays,  are   alone   as 

'  See  in  particular  Guillemin,  Ann.  des  Sci.  Nat,  1857.  vol.  VII.  p.  160.  [Accoiding  (0  Wieaner 
(Unters.  ueb.  d.  Beziehungen  des  Lichles  zmn  Chlorophyll,  Sitzber.  d.  Wien.  Akad.,  vol.  fig, 
1874;  also  Bot.  Zeitg.  1874),  etiolated  plants  become  green  much  more  rapidly  in  blue  than  in 
yellow  (intense)  light.  He  attributes  this  to  the  more  active  decomposition  of  the  chlorophyll  in  the 
yellow  light.  This  view  is  supported  by  the  observation  of  Guillemin  (Ann.  d.  Sci.  Nat.,  1854) 
and  of  Famintzin  (Melanges  biologiques,  Acad.  Imp.  de  St.  Petersbourg,  vol.  6,  1866)  that  the 
leaves  of  etiolated  plants  become  green  more  rapidly  in  difliise  daylight  than  in  sunshine.] 

"  Draper,  Annales  de  chimie  et  de  physique,  1844,  p.  214  ((  sej.^ — Pfeffer,  Arbeiten  des  Botan- 
jschen  Instituts  in  Wurahnrg,  Heft  1.  p,  48,  where  reference  is  also  made  to  the  whole  of  the  rest 
of  the  literature. — Pfeffer,  Sitzungsber.  der  Gesellsch.  zur  Beforderung  der  gesammt.  Naturwiss.  zu 
Marburg.  1872,  May  i6;  and  Bot,  Zeitg.  1873,  no.  33  el  Mg.,  where  the  paper  by  Miiller,  Bolanische 
Untersuchungen,  Heft  I,  Heidelberg  1871,  is  also  discussed.  [For  an  account  of  Draper's  researches 
into  the  relations  esisting  between  plants  and  light,  see  his  Scientific  Memoirs,  London,  1878.] 
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efficacious  in  this  process  as  all  the  others  put  together.  The  most  refrangible 
rays  of  the  visible  spectrum  which  act  most  energetically  on  silver  chloride,  &c,, 
play  a  very  subordinate  part  in  the  process  of  assimilation,' 

Draper  placed  glass  tubes  filled  with  water  saturated  with  carbon  dioxide  in 
which  he  had  placed  green  parts  of  plants,  in  the  different  coloured  portions  of  a 
solar  spectrum.  Seven  of  these  tubes  were  exposed  simultaneously  in  the  same 
spectrum.     The  following  table  gives  the  result  of  two  experiments  of  this  kind  : — 


Pari  of  the  Spectrum. 

Gas  evolved. 

Dark-red 

0 

33 

o-o 

Red-orange    . 

.      20 

M-7S 

Ye  How -green  . 

■     36 

00 

43-75 

Green-blue      . 

10 

4-10 

Blue 

0 

0 

100 

Indigo 

0 

0 

o-o 

Violet    . 

•       ° 

° 

o-o 

Pfeffer  experimented  chiefly  on  leaves  of  the  Cherry-Laurel  and  Oleander,  which 
were  placed  in  air  containing  carbon  dioxide  {shut  off  by  mercury)  in  suitable  glass 
vessels,  and  received  the  sunlight  through  coloured  solutions  (tested  by  the  spectro- 
scope). The  following  was  the  result  of  sisty-four  experiments: — If  the  amount 
of  gas  evolved  in  light  which  has  passed  through  a  stratum  of  water  of  standard 
thickness  is  represented  by  100,  the  numbers  here  given  are  the  corresponding 
quantities  of  carbon  dioxide  decomposed  in  light  which  has  passed  through  equal 
thicknesses  of  the  solutions  named. 


Solution. 

Colour  oflight.                   ^'"'"' 

nt  of  carbon  dioxide 

decomposed. 

Potassium  bichromate 

Red,  orange,  yellow,  green 

88'6 

Ammoniacal  copper  oxide 

Green,  blue,  violet 

7-6 

Orcin 

Red,  orange-green,  blue,  violet 

539 

Aniline-violet 

Red,  orange-bine,  violet 

38-9 

Aniline-red 

Red,  orange 

321 

Chlorophyll 

Red -orange,  yellow,  green 

15-9 

Iodine  solution 

Quite  dark 

(14-1    carbon  di- 
oxide produced) 

From  a  comparison  of  these  numbers  Pfeffer  deduced  the  following  values  for 
the  decomposing  power  of  the  different  regions  of  the  spectrum,  the  action  of  white 
light  being  again  placed  at  roo: — 

For  Red-orange  .... 
Yellow  .... 

Green  ..... 
Blue-violet    .... 


and  from  these  is  deduced  the  first  statement  of  Pfeffer  given  above. 
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h  olar  spectrum,  taking  its 
F     475,  is  that  the  curve  of 

f  corresponds  in  the  main 

g    ns  of  the  spectrum ;  but 


If  these  val        a  d        o  d  n 

corresponding  par  b        *    h  1 

the  different  pow  rs     f  I  gh    f  g 

with  the  curve  of      bj  b  ^h  f   I 

does  not  coincide      h  h  f  h        g  p 

Pfeffer's  experiments  had  shown  that  the  method  first  employed  by  me  for 
determining  the  intensity  of  the  action  of  light  on  water-plants,  vis.  counting  the 
number  of  the  bubbles  of  gas  given  off  in  a  unit  of  time,  gave  nearly  the  same 
results  as  actual  measurement  of  the  gas,  the  result  being  in  fact  somewhat  too 
great,  and  inexact  in  inverse  proportion  to  the  amount  of  gas  given  off.  He  then 
applied  this  method  to  determine  the  amount  of  oxygen  given  off  from  a  small 
water-plant  (£/odea  canadensis)  when  exposed  to  a  portion  13  mm.  in  breadth  of  a 
very  intense  solar  spectrum  23  cm.  long.     In  this  experiment  he  had  the  advantage 


of  being  able  to  determine  the  amount  of  gas  given  off  by  the  same  plant  in  all 
the  regions  of  the  spectrum  in  successive  very  short  spaces  of  time,  and  of  thus 
avoiding  various  errors  of  observation  which  inevitably  accompany  eudiometric  ob- 
servations, or  at  least  are  very  difficult  to  get  rid  of.  A  number  of  observations 
conducted   in  this  manner  gave  the   following  result  as  the  mean  capacities    for 


decompo! 
being  placed  at 


■d  by  the    different   regions   of  the    solar   spectrum,  yellow 

Red 

Orange 

Yellow 

Green 

Blue 

Indigo 

Violet 
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If  allowance  is  made  for  the  small  error  mentioned  above  incident  to  the 
method  of  counting  the  number  of  bubbles,  we  find  that  the  curve  of  capacity  for 
exhaling  oxygen  agrees  still  more  exactly  with  the  curve  of  brightness  than  is 
represented  in  Fig.  475,  which  was  drawn  from  only  a  few  data  obtained  with 
difficulty. 

Since  a  comparison  of  the  curve  of  brightness  with  that  of  the  evolution  of 
oxygen,  otherwise  convenient,  has  turned  the  attention  of  observers  in  a  wrong 
path,  and  has  led  to  many  erroneous  theories,  it  will  be  convenient  to  state  the 
only  relation  between  the  two  with  which  we  have  to  do  here,  in  precise 
terms:— The  evolution  of  oxygen  caused  by  chlorophyll  is  a  function  of  the 
length  of  the  waves  of  light ;  only  those  wave-lengths  which  are  not  greater  than 
00006866mm.  and  not  less  than  0-0003968  mm.  being  able  to  produce  ibis  effect. 
Starting  from  the  two  extremes,  the  capacity  of  light  for  causing  evolution  of 
oxygen  rises  till  it  reaches  its  maximum  at  a  wave-length  of  0-0005889  mm.  Or, 
starting  with  the  medium  wave-lengths  of  the  coloured  region  of  the  spectrum 
measured  in  hundred- thousandths  of  millimetres,  the  evolution  of  oxygen  is  effected 
by  waves  of  light  of  a  minimum  length  of  39 ;  it  increases  with  the  increase  of  wave- 
length until  the  latter  reaches  about  59 ;  it  then  diminishes  if  the  wave-length  con- 
tinues to  increase  until  it  entirely  ceases  when  the  wave-length  is  68.  It  will  be  at 
once  seen  that  we  have  here  a  similar  phenomenon  to  that  of  the  relation  of  vegetation 
to  temperature ;  for  we  found  (see  p.  729)  that  this  function  also  rises  with  the  rise  of 
temperature,  attains  a  maximum  at  a  definite  temperaturcj  and  again  decreases  as 
the  temperature  rises  still  higher^. 

Godlewski''  obtained  the  following  results  by  a  long  series  of  eudiometric  ex- 
periments as  to  the  influence  of  the  percentage  of  carbonic  acid  in  the  air  upon  the 
extent  of  the  decomposition  of  this  gas  and  upon  the  corresponding  evolution  of 
oxygen.  An  increase  of  the  amount  of  carbonic  acid  present  in  the  air,  up  to  a 
certain  limit  (optimum),  increases  the  evolution  of  oxygen,  an  increase  beyond  this 
hmit  diminishes  it.  The  limit  is  different  for  different  plants  ;  for  Glyceria  speclabilis 
on  bright  days  it  was  from  8-io"/o;  for  Typha  lalifolia  from  5-7%  ;  for  the  Oleander 
probably  rather  lower.  The  increase  of  the  evolution  of  oxygen  consequent  upon 
an  increased  amount  of  carbonic  acid  being  in  the  air  is  much  greater  than  the 
diminution  produced  when  the  optimum  is  exceeded  by  an  equal  amount.  The 
greater  the  intensity  of  light,  the  more  is  the  evolution  of  oxygen  promoted  by  an 
increase  of  the  carbonic  acid  up  to  the  optimum,  and  the  less  is  it  diminished  by 
excess.  It  follows  that  the  influence  of  light  upon  the  evolution  of  oxygen  is  the 
greater  the  more  carbonic  acid  is  contained  in  the  air. 

(f)  Formation  of  Starch  in  Chlorophyll-granules*.  The  yellow  chlorophyll  (etiolin)- 
granules  formed  in  the  dark  are  small ;  after  turning  green  on  exposure  to  light  they 
become  considerably  larger,  corresponding  to  the  increase  in  size  of  the  cells  in  which 

'  The  same  law  of  dependence  is  also  evidently  applicable  to  the  sensitiveness  of  the  eye  to 
brigtitiiess ;  and  this  is  the  cause  of  tbe  corve  of  the  brightness  of  light  running  neatly  parallel  to 
that  of  the  evolution  of  oxygen. 

"  Godlewski,  Arb.  a.  Bot.  Instituts  in  WUnburg,  Heft  3,  1873. 

'  Sachs,  Ueber  die  Auflosuiig  und  Wiederbildung  des  Amjlunis  in  den  Chlorophyll-koioem  bci 
wechselnder  Beleuchtung :  Bot.  Zeitg.  1864,  p.  289. 
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they  are  contained.  It  is  only  after  they  have  assumed  their  green  colour  and  under 
the  continued  action  of  more  intense  light,  in  other  words  under  conditions  favour- 
able to  assimilation,  that  the  formation  commences  of  the  starch  which  is  enclosed 
within  the  chlorophyll-granules  (see  p.  46).  When  cells  whose  chlorophyll  has  pro- 
duced starch  after  exposure  to  light  are  placed  in  the  dark,  the  starch  is  absorbed 
and  disappears  completely  from  the  chlorophyll-granules,  and  does  so  the  quicker 
the  higher  the  temperature.  If  light  is  again  allowed  access,  starch  is  again 
formed  in  the  same  chlorophyll-granules ;  and  the  formation  of  starch  is  there- 
fore a  function  of  chlorophyll-granules  exposed  to  light,  its  absorption  a  function 
of  chlorophyll-granules  not  exposed  to  light.  If  complete  or  partial  darkness  is 
continued  for  a  length  of  time,  the  chlorophyll-granule  is  usually  itself  destroyed ; 
it  first  loses  its  form,  is  then  absorbed,  and  finally  disappears  from  the  cells  together 
with  the  colourless  protoplasm ;  in  the  case  of  leaves  of  rapidly  growing  Angio- 
sperms  this  takes  place  after  a  few  days  when  the  temperature  is  high.  Cactus- 
stems  with  slow  growth  and  the  shoots  of  Selaginella  on  the  contrary  remain  green 
for  months  in  the  dark. 

The  absorption  and  re-formation  of  starch  in  the  chlorophyll-granules— a  pro- 
cess which  I  was  the  first  to  demonstrate  in  the  leaves  of  Phanerogams— can  be  seen 
more  readily  in  Algse  of  simple  structure  like  Spirogyra,  which  may  therefore  serve 
for  purposes  of  investigation.  I  had  already  shown  that  the  formation  of  starch  in 
chlorophyll-granules  depends  on  conditions  which  favour  assimilation,  and  that  the 
principal  feature  of  this  process,  the  evolution  of  oxygen,  proceeds  vigorously  in  light 
transmitted  through  potassium  bichromate,  and  consists  therefore  of  red,  orange, 
yellow,  and  to  a  certain  extent  green,  rays ;  while  the  more  strongly  refrangible  half 
of  the  spectrum,  consisting  of  green,  blue,  violet,  and  ultra-violet  rays,  obtained  by 
passing  the  light  through  ammoniacal  copper  oxide,  has  only  a  very  slight  effect. 
The  conclusion  at  once  followed  from  this,  that  the  formation  of  starch  must  take 
place  in  the  set  of  rays  first  named  to  the  same  extent  that  it  does  in  full  sunlight, 
but  only  to  a  very  small  extent  in  the  latter  set.  This  was  confirmed  by  Famintzin's 
experiments',  in  which  he  found  that  in  Spirogyra  the  formation  of  starch  in  the 
chlorophyll-granules  took  place  only  in  the  mixed  yellow  light  (that  had  passed 
through  potassium  bichromate),  and  not  in  the  mixed  blue  light  (that  had  passed 
through  ammoniacal  copper  oxide)  in  which  the  starch  aheady  formed  even  disap- 
pears. Since  however  a  small  exhalation  of  oxygen  takes  place  even  in  the  mixed 
blue  light,  it  must  be  supposed  that  a  small  production  of  starch  occurs  in  it.  Kraus's 
experiments '  with  Spirogyra,  Funaria,  and  Elodea,  confirm  this.  He  also  found  that 
in  plants  of  Spirogyra  which  had  lost  their  starch  from  exposure  to  dark,  the  forma- 
tion of  this  substance  in  the  chlorophyll-granules  recommenced  in  five  minutes  in 
direct  sunlight,  in  two  hours  in  diffused  daylight.  In  Funaria  the  formation  of 
starch  recommenced  in  the  same  manner  within  two  hours  in  direct  sunlight,  within 
six  hours  in  diffused  daylight;  and  similar  results  were  obtained  with  leaves  of 
Elodea,  Lepidium,  and  Bettda^. 

'  Famintzin,  Action  of  Light  on  Spirogyra;  Melanges  biologiques,  Petersburg  1S63,  Dec.;  and 
.   i36r.  p.  277. 

"  Kraus,  Jahrb.  fiir  wissensch.  Bot.  vol.  VII.  p.  51 1. 

'  [From  the  observations  of  Weber  (Ueb.  specifische  Assimiktionsenergie,  Arb.  d.  bot.  Insl.  in 


vGooqIc 


ACTION  OF  LIGHT   ON   VEGETATION.  749 

In  accordance  with  the  theory  propounded  by  me  that  the  starch  formed  in  the  , 
chlorophyll-granules  under  the  influence  of  light  is  the  first  product  of  assimilation 
produced  by  the  decomposition  of  carbon  dioxide,  Godlewski  has  found  {Flora, 
1^731  P-  383),  as  the  result  of  experiments  as  simple  as  ingenious,  that  in  an 
atmosphere  devoid  of  carbon  dioxide  no  starch  is  produced  in  the  chiorophyli-granules 
even  in  the  light;  that  the  starch  contained  in  them  disappears  when  the  carbon 
dioxide  is  removed  from  the  surrounding  atmosphere,  not  only  in  the  dark,  but  even 
in  bright  light.  It  may  be  inferred  from  this  that  the  starch  which  is  at  any  time 
found  in  the  chlorophyll- granules  is  only  the  excess  of  the  whole  product  of  assimi- 
lation which  has  not  yet  been  taken  up.  Of  especial  importance  is  his  observation, 
which  agrees  with  his  eudiometrical  experiments,  that  an  increase  in  the  proportion 
of  carbon  dioxide  in  the  atmosphere  to  8  p.  c.  in  a  bright  %ht  increases  the  rapidity 
of  the  formation  of  starch  four  or  five  fold,  while  in  a  diffused  light  the  action  is 
much  less.  A  very  large  quantity  of  carbon  dioxide  in  the  atmosphere,  on  the  con- 
trary, retards  the  formation  of  starch  in  inverse  proportion  to  the  intensity  of  the 
light.  Godlewski's  experiments,  made  on  the  cotyledons  of  seedlings  of  Raphanus 
saiivus,  are  opposed  to  the  statement  of  B6hm  (Sitzungsber.  der  Wien.  Akad. 
March  6,  1873),  that  the  starch  contained  in  the  chlorophyll -granules  is  not  a  pro- 
duct of  assimilation,  a  view  which  has  already  been  sufficiently  refuted  by  my  earlier 
investigations, 

(a)  Mechanical  Action  of  Light  on  Plants.,  {d)  The  influence  of  light  on  the 
movemeut  of  protoplasm  varies  according  to  the  nature  of  the  motion.  Those 
movements  which  are  the  cause  of  the  formation  of  new  cells  are  not  in  general 
directly  dependent  on  light  {see  p.  752);  since  they  take  place,  in  the  great  majority 
of  cases,  in  partial  or  complete  darkness.  The  'streaming'  motion  of  the  proto- 
plasm in  older  cells,  or  rotation  and  circulation,  also  goes  on  in  continuous  dark- 
ness as  well  as  in  alternate  daylight  and  night ;  and  even  in  the  hairs  of  etiolated 
shoots  which  are  developed  in  darkness^.  It  has  not  been  ascertained  whether 
in  these  cases  the  rapidity  and  direction  of  the  movement,  the  mode  of  distri- 
bution of  the  currents,  and  the  accumulation  of  the  protoplasm  at  particular  spots, 
are  influenced  by  the  direction  of  the  rays  of  light.  An  influence  of  this  kind  is 
apparently  exercised  by  Sight  on  the  plasmodia  of  ^thalium^.  As  long  as  the 
Plasmodia  are  Still  in  motion  and  not  ripe  for  the  production  of  spores,  they  appear 
on  the  surface  of  the  tan  when  it  is  dark ;  but  in  the  light,  as  in  a  sunny  window, 
they  again  conceal  themselves  in  the  dark  parts  of  the  tan, — a  process  which  the 


■Wiirzbui^,  II.  »,  1879)  it  appears  that  equal  areas  of  the  leaf-surface  of  different  plants  produce 
different  amoants  of  organic  substance  in  a  given  time,  the  conditions  being  the  same.  He  obtained 
the  following  numerical  proportion  for  the  energy  of  assimilation  ; — 

Trof>eoltim  ma/us     ,  .  .  .  .  -4.466. 

Phastolvs  multiflorus  ....  3.^15. 

Riciavs  cntnmunis   .....  5.292. 

HtUantkus  anauus 5.559.] 

'  Sachs,  Bot.  Zeitg.,  1863,  Supplement. 

'  [This  snbject  has  been  investigated  by  Baranetzky  (Mem.  d.  1.  soc  nat.  d.  sci.  nat.  de  Cherbourg, 
XIX,  1876) :  he  found  that  the  plasmodia,  whilst  still  young,  always  avoided  light.  Schleicher  has 
found  on  the  contrary  (Strasburger,  Wirkung  des  Liehtes  und  der  Warme  ant  SchwSrrasporoi,  Jen. 
Zeitschr.  XII,  1878)  that  the  young  plasmodia  seek  the  light  when  its  intensity  is  small ;  older 
Plasmodia  seek  the  light  even  when  it  is  very  intense.] 
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.  plant  may  be  made  to  repeat  two  or  three  times  in  a  day.  It  is  not  till  the 
Plasmodium  has  collected  into  a  thick  firm  mass,  and  is  preparing  for  the  produc- 
tion of  spores,  that  it  comes  to  the  surface  in  places  exposed  to  light,  but  appa- 
rently oniy  in  the  night  or  early  morning. 

The  protoplasm  which  envelopes  the  chlorophyll -granules  in  the  green  leaves 
of  Mosses  and  Phanerogams  and  in  the  prothalHa  of  Ferns  is  induced,  by  the 
varying  intensity  of  the  light,  to  accumulate  to  a  greater  or  less  degree  at  different 
parts  of  the  cell-walls,  carrying  the  chlorophyll-granules  along  with  it,  and  thus 
altering  their  distribution  in  the  cell.  It  is  still  uncertain  whether  in  this  case  the 
light  affects  the  protoplasm  only,  the  chlorophyll -granules  being  carried  passively 
along  with  it ;  or  whether  the  influence  of  the  light  is  not  first  of  all  on  the  latter, 
■which  then  give  the  impulse  to  the  protoplasm.  In  either  case  it  appears  certain 
that  the  chlorophyll -granules  do  not  of  themselves  possess  any  power  of  free 
motion,  but  are  carried  about  by  the  motile  protoplasm.  Famintzin  and  Borodin' 
found  that  under  the  influence  of  continued  partial  darkness  the  chlorophyll-granules 
in  various  Mosses  and  in  the  prothallia  of  Ferns  collect  on  the  side-walls  of  the 
cells  {those  at  right  angles  to  the  surface  of  the  organ) ;  and  that  when  these  parts 
are  exposed  to  light  they  leave  them  and  distribute  themselves  over  the  parts  of  the 
cell-walls  which  are  parallel  to  the  surface  of  the  organ.  Prillieux^  and  Schmidt 
have  confirmed  these  statements.  The  view  which  I  adopted  long  ago  (see  the  first 
and  second  editions  of  this  work),  that  these  changes  of  position  in  the  chlorophyll- 
granules  are  caused  by  the  protoplasm,  is  confirmed  by  Frank's  recent  researches'. 
He  shows  that  when  the  light  falls  only  from  one  side,  the  protoplasm  and  the 
chlorophyll -granules  collect  mostly  on  those  parts  of  the  cell-walls  on  which  the 
strongest  rays  fall,  if  the  cells  are  sufficiently  large  to  allow  the  light  lo  be  so 
arranged  and  these  changes  to  take  place  in  the  position  of  their  contents  (as  in 
the  prothallia  of  Ferns  and  leaves  of  Sagiilaria).  Frank  brought  under  a  general 
point  of  view  the  changes  in  position  of  the  chlorophyll-granules  described  by 
Famintzin  and  Borodin;  he  shows  that  the  protoplasm  in  these  cells  is  capable, 
according  to  circumstances,  of  adopting  two  different  modes  of  distribution.  In  one 
mode,  which  he  calls  Epistrophe,  the  protoplasm  and  chlorophyll-granules  collect 
on  the  free  cell-walls,  i.e.  those  which  do  not  immediately  adjoin  other  cells;  for 
instance,  next  the  surface  in  the  superficial  cells  of  organs  consisting  of  several  layers 
(the  leaves  of  Sagitiaria,  VaUhneria,  and  Eloded) ;  on  the  upper  and  under  walls  in 
organs  consisting  of  only  one  layer  of  cells  (leaves  of  Mosses,  prothallia  of  Ferns) ; 
and  in  internal  cells  on  the  parts  that  bound  the  intercellular  spaces.  This  is 
the  position  assumed  in  the  normal  conditions  of  vegetation  and  the  mature  state 
of  the  cells,  but  before  they  become  too  old.  The  second  mode,  or  Apostrophe, 
takes  place  under  unfavourable  external  conditions ;  as  for  instance  in  small 
fragments  of  tissue,  when  respiration  is  defective,  turgidity  diminished,  the  tem- 
perature too  low,  the  cells  too  old,  or— what  is  of  most  interest  here — when  light 
is  cut  off'  for  a  considerable   time.     Under   these   circumstances   the    protoplasm 

'  Bohm,  Sitzungsber.  der  Wien,  Akad.  1857,  p.  510, — Famintzin,  Jahrb.   fiir  wissensch.   Bot. 
vol.  IV.  p.  49.— Borodin,  Melanges  biologiques;  Petersburg,  vol.  VI,  1867. 
'  Prillieux,  Compt.  rend.  1870,  vol.  LXX.  p.  60.— Schmidt,  /,  c. 
=  Fraali,  Bol.  Zeitg.  1B7J,  Nos.  14,  15;  and  Jahrb.  fur  wissensch.  Bot.  vol.  VIII.  p.  2i6c(ssf. 
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and  chlorophyli-granuies  collect  chiefly  on  the  wails  that  are  not  free,  i.  e.  on  those 
adjacent  to  other  cells.  The  occurrence  of  apostrophe  under  direct  sunlight  which 
Borodin  asserts^  (in  various  Phanerogams,  as  Lemna,  Callitriehi,  and  Stsllarid),  is 
denied  by  Frank,  who  maintains  that  what  takes  place  in  these  cases  is  rather  a 
collection  of  the  protoplasm  at  the  spots  where  the  light  is  strongest,  which  may 
happen  to  be  at  the  sides'. 

It  is  evidently  these  aggregations  of  chlorophyll-granules  on  the  side-walls  of 
the  cells  caused  by  sunlight  which  were  observed  by  Borodin  that  produced  the 
phenomenon  pointed  out  by  Marquard  and  more  exactly  described  by  n  yself 
vh.  that  green  leaves  (e.  g.  those  of  Zea,  Pelargonium,  Oxalis,  Nt'col  ana  %c  )  hen 
exposed  to  sunlight  assumed  a  bright  green  colour  in  a  shorter  t  me  tl  an  n 
diffused  light  or  in  deep  shadow.  This  can  be  made  very  evident  by  shad  ng 
particular  parts  by  pressing  closely  on  them  a  strip  of  lead  or  t  nfo  1  f  th  s 
strip  is  removed  after  five  or  ten  minutes,  the  parts  that  were  si  aded  si  ow  a 
dull  green,  those  exposed  to  the  sun  a  bright  green  colour.  It  is  obvious  that  the 
tissue  will  appear  to  the  eye  a  deeper  green  in  proportion  as  the  green  granules  are 
distributed  uniformly  over  the  surfaces  facing  the  eye,  a  less  deep  green  in  propor- 
tion as  they  collect  on  the  side-walls.  Borodin's  observations  directly  confirm  this 
hypothesis.  This  alteration  in  the  grouping  of  the  chlorophyll-granules  which 
accompanies  a  change  in  the  intensity  of  the  light  is  caused  only  by  the  highly 
refrangible  rays;  the  less  refrangible  rays  (the  bright  and  red  ones)  have  the  same 
effect  as  darkness'.  It  results  therefore,  as  I  showed  in  1859,  that  if  a  strip  of 
blue  glass  is  laid  on  a  leaf  exposed  to  sunshine,  it  will  produce  no  change  of  colour, 
while  one  will  be  caused  by  a  strip  of  red  glass. 

Since  these  movements  of  the  chlorophyll -granules  are  produced  by  the 
colourless  protoplasm  in  which  they  are  imbedded,  it  might  be  expected  that  the 
protoplasm  of  hairs  which  contain  no  chlorophyll  or  only  a  small  quantity  would 
be  similarly  influenced  by  the  colour  and  intensity  of  the  light.  But  the  state- 
ments of  Borscow  and  Luerssen'  which  might  be  interpreted  in  this  direction  at 
least  to  some  extent  have  not  been  confirmed  by  the  observations  of  Reinke". 

The  swarming  of  zoogonidia  is  also  connected  with  protoplasmic  movements. 
Their  motile  organs,  the  cilia,  are  supposed  to  be  slender  threads  of  protoplasm,  by 
the  vibration  of  which  both  the  rotatory  and  the  advancing  movement  of  the  zoogo- 
nidia is  caused.  The  axis  of  rotation  becomes  subsequently  the  axis  of  growth  ;  the 
anterior  end  in  the  advancing  motion  (where  the  zoogonidium  is  usually  narrower, 

■  Borailin,  Melanges  biol.,  Petersburg  1869,  vol.  VII.  p  50. 

'  [From  Stahi's  investigations  it  appears  tliat  apostrophe  is  produced  by  direct  sunlight  (Bot. 
Zeitg,  1880).  He  finds  that  exposure  to  diffuse  daylight  produces  epistrophe,  that  is,  the  position  of 
the  chlorophyll-granules  in  which  the  greatest  area  of  their  surface  is  exposed  to  the  incident  rays, 
whereas  sunlight  produces  apostrophe,  that  is,  the  position  in  which  the  least  possible  area  of  their 
BUrface  is  exposed  lo  the  incident  rays.  In  the  one  case  they  present  their  flat  surfaces,  in  the  other 
their  edges  to  the  incident  rays.] 

'  Sachs,  Beiichte  der  math.-physik.  Klasse  der  t.  sachs.  Ges.  der  Wiss.  1859. 

'  Borodin,  I.e.;  Franlt,  Bot.  Zeitg.  3871,  p.  138. 

"  Borscow,  Melanges  biol.,  Petersburg  1867,  vol.  VI.  p.  313. — Lnerasen,  Ueber  den  Einfluss  des 
rolhen  u.  blauen  Lichts  u.  s,  w.,  Die-serlation,  Bremen,  1S68. 

•  Reinke,  Bol.  Zeitg,  1871,  Nos.  46,  47. 
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hyaline,  and  provided  with  cilia)  becomes  the  base  of  the  germinating  plant  when 
the  zoogonidium  has  come  to  rest.  These  movements  of  zoogonidia  and  the  very 
similar  ones  of  the  PandorincEe  are  affected  by  light  to  this  extent,  that  when  the 
light  comes  from  one  side  they  either  tend  towards  or  away  from  the  source  of  light, 
this  depending  apparently  partly  on  the  species  and  partly  on  the  age  of  the  indi- 
vidual. Cohn  states  that  here  also  the  less  refrangible  rays  have  the  same  effect  as 
darkness,  while  the  direction  of  the  motion  is  determined  by  the  blue  and  the  more 
highly  refrangible  rays ', 

(e)  Cell-Division  and  Growth'^.  The  first  formation  and  early  growth  of  the 
new  organs  In  the  higher  plants  consisting  of  masses  of  tissue  is  accompanied  by 
a  great  number  of  cell-divisions,  which  usually  take  place  in  complete  darkness ;  as 
for  example,  in  the  roots  of  land-  and  marsh-plants,  the  buds  on  underground 
rhizomes,  and  leaves  and  flowers  which  are  produced  within  the  dense  envelopes 
of  the  bud.  Cell -formation  of  the  same  kind  may  however  take  place  under  the 
influence  of  light  which  may  even  be  intense,  as  is  shown  by  the  growth  of  the  roots 
of  land-plants  in  water  exposed  to  light,  or  that  of  the  aeria!  roots  of  Aroideae 
(which  are  highly  transparent  at  their  ceil-forming  apex).  The  formation  of 
stomata  and  hairs  which  is  the  result  of  cell-division  may  take  place  either  in 
the  light  or  in  complete  darkness  within  the  bud,  without  any  essential  difference 
being  observable  in  the  two  cases.  In  the  same  manner  the  cambium  of  the 
trunks  of  trees  is  covered  by  completely  opaque  envelopes,  such  as  bark ;  while 
that  of  many  annual  stems  {as  Impaliens)  is  exposed  to  the  light  which  penetrates 
the  thin  succulent  cortex.  Similar  phenomena  are  presented  in  the  formation  and 
ripening  of  ovules  within  transparent  or  completely  opaque  ovaries.  They  are  most 
obvious  when  shoots  or  even  flowers  which  under  ordinary  circumstances  are  de- 
veloped in  the  light  are  made  to  grow  in  complete  darkness  from  bulbs,  tubers,  or 
seeds.  The  small  variations  from  the  normal  condition  which  occur  in  such  cases 
do  not  affect  the  early  development  of  the  organs;  but  their  later  growth  which 
does  not  depend  on  cell-division  is  necessarily  interfered  with,  as  well  as  the 
development  of  chlorophyll.  An  obvious  and  necessary  condition  of  these  processes 
of  growth,  whether  m  the  dark  or  the  light,  is  the  presence  of  a  supply  of  assimi- 
lated reserve-materials,  at  the  expense  of  which  the  formation  of  new  cells  can  take 
place.     In  the  case  of  the  buds  of  the  higher  plants  their  reservoirs  of  reserve- 


'  Cohn,  Schles.  Ges.  fiir  vaterl.  Cnltnr,  Oct.  19,  1865.  The  facts  have  however  recently  been 
questioned  by  Schmidt  [See  Sachs,  Ueb.  Emulsionsfignren,  Flora,  1876 ;  Straabnrger,  Wirkung  des 
Liehts  und  der  Wanne  auf  Schwarmsporen,  Jen,  Zeitsdir.  XII,  1878;  StaM,  Ueb.  den  Einfluss  des 
Lichts  auf  die  Bewegung  der  Schwarmsporen,  Bot.  Zeltg.  18  ;8,  and  Verh.  d.  phys.-med.  Gesellsch.  in 
Wurzburg,  1879.  It  appears  that  the  zoogonidia  place  themselves  so  that  their  long  axes  coindde 
with  the  direction  of  the  incident  rays.  They  move  either  towards  the  source  of  light  or  away  from 
it,  the  direction  of  their  movement  being  dependent  upon  a  number  of  conditions,  snch  as  the 
btensity  of  the  light,  the  relative  temperature  of  different  portions  of  the  water  in  which  the 
20ogonidia  are,  the  age  of  the  loogonidia,  and  the  amount  of  oxygen  in  the  water.  Zoogonidia  which 
exhibit  these  phenomena  are  said,  by  Strasbuiger,  to  be  phototaclic.  Some  zoogonidia  (.such  as  those 
of  Saprolegaia)  do  not  appear  to  be  affected  by  light.] 

'  Sachs,  Ueber  den  EinRuss  dea  Tageslichtes  auf  Neubildimg  "■  Entfallung  verschiedener 
PHanzen-organe.  Bot.  Zeitg.  1863,  Supplement.  If  I  here  consider  cell-division  and  growth  as 
essentially  mechanical  processes,  this  does  not  imply  that  chemical  changes  do  not  also  accompany 
every  process  of  growth. 
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maleria!  ire  the  bulbs  tubers  rhizomes,  parts  of  the  item,  cotyledons,  and  endo- 
sperm, after  the  complete  exhaustion  of  these  growth  ceases,  m  the  dark,  but 
contmues  m  the  light,  because  the  assimilating:  organs  can  then  produce  new 
malenal  This  relation  of  growth  which  is  connected  with  cell  division  to  asiimi- 
Ktion  IS  especially  clear  in  AlgK  of  simple  structure  (as  '^pirogj.ta,  Vauckena, 
Hydrodiclyon,  Uloikrtx,  &c  ),  which  issimilate  in  the  day-time  under  the  influence 
of  light,  while  cell-division  proceeds  exclusively  or  at  leist  chiefly  at  night  The 
swarm-spores  are  also  formed  in  the  night,  but  swarm  only  with  access  of  daylight. 
In  some  Fungi  a!so  as  Pilobolus  cryslaUinus,  the  splitting  up  of  the  protoplasm 
m  the  sporangium  into  a  number  of  spores  takes  place  only  in  the  night,  the  spores 
being  thrown  out  on  iccess  of  light  While  therefore  in  the  larger  and  more 
highly  organised  plants  assimihtion  and  the  construction  of  new  cells  out  of  the 
assimilated  substinces  is  earned  on  in  different  parts  but  at  the  same  time  m  small 
transparent  plants  in  which  the  parts  where  these  functions  are  effected  are  not 
surrounded  by  opaque  en\elope'i  they  take  place  at  different  times  We  have  here  a 
case  of  dnision  of  physiological  labour  which  shows  us  that  the  cells  which  have  to 
do  with  chpmical  work  (assimiKtion)  cannot  at  the  same  time  perform  the  mecha- 
nical labour  of  cell  division  the  two  kinds  of  lafcour  are  distributed  in  the  higher 
plants  in  space,  in  lery  simple  plants  in  time  Provided  there  is  i  supply  of 
assimilated  reserve-material,  cell-dmsion  can  therefore  take  place  either  in  the 
tight  or  the  dark  Whether  tliere  are  special  cases  in  which  light  promotes  or 
hinders  cell  dmsion  !<;  not  known  with  certainty  We  might  suppose  we  have  such 
a  case  when  Fern-spores  and  the  gemmse  oi  Marchanha^  germinate  in  the  light 
but  not  m  the  dark  but  Borodm  has  shown  that  the  less  refrangible  rays  are 
ilone  active  in  this  process  of  growth,  mixed  blue  light  {passed  through  ammoniacal 
copper  oxide)  acting  like  complete  darkness  But  since  the  less  refrangible  rajs,  as 
we  have  seen,  h'lve  exactlj  the  same  effect  on  growth  as  the  ■ibsence  of  light,  but 
on  the  other  hand  are  the  efficient  agent  in  assimilation,  it  may  be  supposed  that 
these  spores  "vaA  gemm^  do  not  contain  certain  substances  necessar)  for  germi- 
nation which  must  therefore  be  produced  by  assimilation  On  the  other  hind  it 
has  not  yet  been  etplamed  on  uhat  depends  the  formation  in  long  continued  dark- 
ness from  many  stems  (as  those  of  Cactus  Tropaolum,  Hedera,  &.c )  of  roots  which 
are  not  produced  under  the  ordinary  amount  of  light  Whether  the  degree  of 
humidity  is  an  element  in  this  is  uncertain  but  not  improbable 

When  the  youno-  organs   emerge   from  the  bud  condition    an   active   growth 
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of  the  fact  ihu  the  chl  lophyll  (w  lli  the  exceptions  alreidy  namedj  doca  i  t  i^  ume 
Its  green  colour  in  the  dark  but  remains  jellow  differem.es  of  form  wh  t-h  -ire  often 
verj  strikinij  are  exhibited  b)  phnts  grown  n  the  dark  and  constitute  the  bkached 
or  etiolated  condition  I  he  n  erno  les  of  et  okted  phnts  are  in  general  much 
longer  thin  those  of  plants  of  normal  growth  and  the  long  narrov  leave  of 
Monototyledons  are  subject  to  tie  s,a.rof  chinge  On  the  other  hand  the  lea\es 
of  Dicotjledons  and  Ferns  usually  (but  not  alwajs)  remain  \ery  small  and  do  not 
completely  outgrow  the  r  bud  condi  on  or  exhibit  peculiar  -ibno  malit  es  in  thtir 
expansion  These  pecuhtrities  will  be  e\pluned  more  n  detail  in  Chap  I\  It  is 
not  necebsar)  ho  vever  to  Gontnst  eticlated  plants  w  th  those  of  the  normal  green 
colour  m  order  to  establish  the  nflucnce  of  ligl  t  o  i  the  r  growth  If  plants  of  the 
same  species  are  compared  when  grown  in  more  or  less  leep  shale  with  others 
grown  in  full  daylf,ht  these  differences  are  stU  \ery  conaj  icuous  var>  ng  ac 
cordiig  to  the  intensity  of  tie  light  Difierent  species  are  however  affected  to 
a  different  e'<  ent  by  etiolation  the  internodes  f  climbing  pUnf?  which  are  verv 
long  even  under  normal  conditions  become  much  longer  still  m  the  dark  and 
some  le*\es  of  Dicotyledons  as  for  n  stai  ce  ih  e  of  the  Beet  become  tolenbl) 
targe  under  the  same  c  rcum stances  whle  on  the  o  her  haul  the  abnormally 
elongated  intcrnoles  of  etiolated  pota  o  plants  put  out  leaves  of  onlj  a  verj  smill 
sue '  It  IS  remark  tble  tl  it  et  ohtion  as  I  have  alread)  shown  does  not  exfnd  to 
the  flowers  As  loi  ^  as  s  fficient  quant  t  e a  of  aasimiUted  material  have  been 
previously  accumulated  or  are  produced  by  green  leave  exposed  lo  the  light  flov^els 
are  developed  even  in  contnu  us  deep  darkless  which  are  of  normal  size  foim 
and  colour  with  perfect  pollen  and  fertile  ovules  npemng  their  fruits  and  ]  roduc  ng 
seeds  capable  of  germination  The  caljx  however  which  is  o  Imarih  green 
remains  jellow  or  colourless  In  order  to  observe  this  it  is  onlj  necessary  to 
allow  tulip  bulbs  the  rhizomes  of  Iits  or  the  like  planted  m  a  pot  to  put  up  shoots 
in  complete  darkness  when  perfectly  normal  flowers  are  obtained  with  complelelj 
etolated  leaves  Or  a  growini,  bud  on  a  stem  of  Cucurbtia  Ttoptolui  Ipomai 
&c  with  several  leaves  is  made  to  pass  through  a  small  hole  into  a  dark  box. 
the  leaves  which  remain  outside  being  exposed  to  as  strong  light  as  possible 
The  bud  dcvelopes  n  the  dark  a  long  colourless  shoot  wiih  small  jeilow  leaves  and 
a  number  of  flowers  which  except  in  the  colour  of  the  caljv  are  in  everj  respect 
normal'  The  extremely  singular  appearance  of  these  abnormal  shoots  with  normal 
floMers  shows  m  a  sinking  manner  the  difference  m  the  influence  of  light  on  the 
growth  of  different  organs  of  the  same  phut 


'  [For  a  discussion  of  Etiolatian,  see  Godlewski,  Zur  Kciintniss  der  Ursaclien  der  Formandeiung 
etiolirtet  Pflanzen,  Bot.  Zeitg.  1879,  where  the  literature  of  the  subject  is  quoted.] 

'  Sachs,  in  Bot.  Zeitg,  1863,  Supplement;  and  [S65,  p.  lij. 

'  [An  exception  to  this  rule  is  afforded  by  the  coloured  kinds  of  lilac  which  are  forced  during 
the  months  of  February  and  March  by  the  maiket-gardeners  of  Paris,  at  a  temperature  of  from 
33°  to  35°  C,  and  in  almost  complete  darkness.  The  flowers  expanded  under  these  conditions 
are  completely  white.  See  Duchartre,  Joum.  de  la  Soc.  Imp.  et  cent,  d'hort.  de  France,  i860, 
pp.  272-280. 

'  Sometimes  however  abnormal  flowers  appear  in  the  dark  as  wtU  as  the  normal  ones.    See 
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The  reUrtiing  effect  of  light  on  the  growth  of  the  shoot  is  evident  even  in 
a  short  time ;  and,  as  I  have  aheady  briefly  shown ',  a  periodical  oscillation  in  the 
.rapidity  of  growth  is  caused  by  the  alternation  of  day  and  night  (when  the  tem- 
perature is  nearly  constant).  This  variation  is  shown  by  the  growing  internode 
exhibiting  a  maximum  of  hourly  growth  towards  sunrise,  decreasing  gradually 
-from  the  advent  of  daylight  till  mid-day  or  afternoon,  when  it  reaches  its 
minimum,  and  increasing  from  this  time  till  morning,  when  it  again  attains  its 
maximum. 

PrantI '  has  shown  that  a  similar  periodicity  exists  in  the  growth  of  leaves  when 
day  and  night  alternate  normally.  The  fact  that  the  leaves  of  the  same  plants 
{Cumrbita,  Ferdinanda,  Nicotmnd),  when  they  become  etiolated  by  remaining  in 
continuous  darkness,  are  much  smaller,  is  in  apparent  contradiction  to  this.  But 
iu  such  a  case  we  have  not  to  do  with  leaves  which  are  healihy  and  which  are 
periodically  assimilating,  but  with  sickly  leaves  which  contain  no  chlorophyll.  These 
small  yellow  leaves,  developed  in  darkness,  are  not  exposed  to  the  favourable 
influence  of  light  upon  which  assimilation  and  its  effect  upon  growth  depend  in 
normal  leaves. 

One  of  the  best-known  phenomena  occasioned  in  plants  by  light  is  the  fact  that 
growing  stems  and  leaf-stalks,  when  the  amount  of  light  which  they  receive  is  very 
different  on  different  sides,  bend  or  become  concave  towards  the  side  exposed  to 
the  most  intense  light.  This  curvature  is  caused  by  the  slower  growth  in  length 
of  the  lUummated  than  of  the  shaded  side ;  and  parts  of  plants  which  show  this 
behaviour  to  light  are  called  hdiotropic^ .  From  the  fact  of  heliotropig  curvature 
low-irds  the  side  which  receives  the  most  light,  it  is  obvious  that  the  plant  would 
grow  more  quickly  if  shaded  on  all  sides  than  if  the  light  were  more  intense. 
The  observation  that  leaves,  some  roots,  Fungi,  filamentous  Algre  (like  Vau- 
cheria),  &c.,  curve  helio tropically,  indicates  that  their  growth  is  retarded  by  light. 
That  the  chlorophyll  has  no  share  in  causing  this  heliotropism  is  shown  by  the 
fact  that  organs  which  contain  none,  like  some  roots,  or  Fungi,  as  the  perithecia 
of  Sordaria  fimiseda  (according  to  Woronin),  the  stipes  of  the  pileus  of  Ctavi- 
ceps  (according  to  Duchartre*),  and  colourless  etiolated  stems,  bend  towards  a 
stronger  light.  Since  most  heliotropic  parts  of  plants  are  highly  transparent,  the 
light  which  falls  on  one  side  must  penetrate  more  or  less  to  the  other  side,  on 
which  also  some  light  falls ;  it  follows  therefore  that  even  inconsiderable  differences 
in  the  intensity  of  the  light  which  falls  on  the  two  sides  must  cause  heliotropic 
curvature ;  i.  e.  difference  in  the  rate  of  growth ''.  If  plants  which  show  heliotropic 
properties  are  grown  in  a  box  which  receives  light  from  one  side  that  has  passed 
in  one  case  through  a  solution  of  potassium  bichromate,  in  another  case  through 


'  Sach5  i     Heft  II  of  the  Arbeiten  des  Bot.  Inst,  in  Wurzburg.  1872. 

'  Compare  infra.  Chap.  IV.  Sect,  to  ;  also  Arb.  d.  bot.  Inst.  WUrzburg,  Heft  III. 

'  Further  details  on  heliotropism  will  be  given  in  Chap.  IV. 

'  Duchartre,  Compt.  rend.  1870 ;  vol.  LXX.  p.  ^79. 

'  It  must  however  be  noted  that  in  the  case  of  parts  containing  chlorophyll  the  light  in  pene- 
trating the  tissues  loses  its  more  refrangible  ra3fs  which  are  the  only  ones  that  produce  the  effect ;  as 
has  tietn  already  shown,  only  the  less  refrangible  rays  pass  througti  the  superficial  layers  (see 
P-  7+^)- 


yGoogle 


756  GENERAl   COSDITIONS   OF  PLANT-LIFE. 

one  of  ammoniacal  copper  oxide,  the  internodes  of  the  first  remain  quite  straight 
and  lengthen  considerably  as  if  they  were  in  the  dark,  while  those  exposed  to  the 
mixed  blue  light  grow  less  and  at  the  same  time  bend  strongly  towards  the  light. 
It  follows  from  this  that  only  rays  of  high  refrangibility,  the  blue,  violet,  and 
ultra-violet,  cause  the  curvature  by  retarding  growth '. 

In  addition  to  the  large  number  of  the  parts  of  plants  which,  when  illumi- 
nated unequally,  bend  so  as  to  make  the  more  strongly  illuminated  side  concave, 
there  are  a  much  smaller  number  which  bend  in  the  opposite  direction,  ('.  e.  become 
concave  on  the  shaded  side.  In  order  to  distinguish  between  them  the  former  are 
termed posi/ive^,  the  latter  negatively  heliolropic^. 

Both  positive  and  negative  heliotropism  occur  not  only  in  organs  containing 
chlorophyll,  but  also  in  those  that  are  colourless;  among  the  former  in  the  green 
tendrils  of  Viiis  and  Ampehpsis^ ;  among  the  latter  in  the  colourless  root-haiis 
of  Marchaniia  ^,  the  a6rial  roots  of  AroidcEe,  OrchideEe,  and  Chlorophytum  Gqyanum, 
and  the  rootlets  of  some  Dcotyledjns  as  Brass!  i  Napus  and  Stnapis  atta^ 
From  the  statement  that  positive  heliotropism  depends  on  a  retardation  of  the 
growth  of  the  organ  exposed  to  the  st  onger  1  ght  it  mi^ht  be  inferred  thit  negative 
he  lotropism  is  occasoned  con\erselj  by  t  more  vigorous  growth  of  the  side 
exposed  to  the  stronger  light  This  conclusion  «ould  be  confirmed  \t\  a  supe  fie  al 
examination  of  the  phenomeni  but  if  the  alten  lant  circumstances  art  observed 
more  closel)  some  coasi derations  arise  which  I  shall  examine  in  detail  in  Chap 
I\  It  need  only  be  mentioned  here  that  according  t  a  theory  started  by  \\  olkoff 
two  different  explanatons  are  poss  ble  — Very  transparent  organ s^  like  the  apices 
of  the  roots  of  Aroidese  and  of  Lhlorophytum  refract  the  light  which  falls  upon 
them  n  such  a  manner  (hat  the  shaded  side  of  the  organ  maj  actually  be  more 
«!lronglj  illuminated  than  the  (ther  \rA  its  negatne  heliotropism  is  then  only 
a  special  case  of  positive  heliotropsn  But  in  other  cases  as  n  the  \\y  and 
Ttopaolum  majw  the  internodes  are  positively  heliotropic  when  joung  but 
negati\ely  when  old  before  growth  ceases  and  \\  olkofF  supposes  thai  the  curvature 
which  IS  in  these  cases  convex  on  the  illuminated  side  s  ciused  bi  the  more 
vigorous  assimilation  and  coi  sequent  longer  duration  of  grov\th  It  depends  theref  re 
Ufon  nutrition  which  only  affects  the  mechanism  of  growth  n  a  secondary  degree 

(y)    4.  li  n  of  Light  on  Ike  lensx  n  of  the  tissue  of  the  conttatlilt  organs  f  Itata 


'  See  Sachs,  Bot.  Zeitg.  1865,  On  the  action  of  coloured  light  on  plants,  where  the  literature  is 
also  quoted.  I  consider  experiments  with  absorbent  fluids  more  decisive  than  those  with  the  spec- 
trum ;  in  this  latter  Guillemin  states  that  not  only  do  all  the  rays  act  heliotropically,  but  that  there 
is  even  a  lateral  curvature  tovvards  the  blue  end  of  the  spectrum.  Wlirai  the  light  is  sufficiently 
strong  the  spectrum  is  certainly  never  free  from  diffused  white  light,  which  will  cause  heliotropism 
even  when  its  intensity  is  very  small.  [Wiesner  has  found  (Heliotropiaehe  Eischeinungen,  noticed 
in  detail  iu  Chap.  IV)  that  although  the  yellow  rays  do  not  give  rise  to  heliotropic  curvatures, 
they  exercise,  nevertheless,  a  retarding  influence  on  growth.] 

'  [Darwin  (Movements  of  Plants}  uses  the  terms  ■  heliotropic '  and  '  apheliotropic '  instead  of 
'  positively '  and  '  negatively  heliotropic'  He  considers  that  the  heliotropic  movements  are  modified 
forms  of  circumnutation  (see  infra)^ 

s  Knight,  Phil.  Trans.  jSti.  PL  I.  p.  314. 

*  Pfeffer,  Arbeiten  des  bot.  Inst,  in  Wijrzburg,  iSyr,  Heft  I.  Div.  i. 

=  for  the  literature  on  this  subject  see  Sachs,  Exp.-Phys.  p.  +1. 
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endowed  with  motion^.  The  leaf-blades  of  Leguminos^e,  Oxalidese,  MaraniaceK, 
MarsiliaceK,  &c.  are  borne  on  modified  petioles  which  serve  as  contractile  organs, 
bending  upwards  or  downwards  under  various  externa!  and  internal  influences, 
and  thus  giving  a  variety  of  positions  to  the  leaf-blades.  If  these  plants  are 
placed  in  permanent  darkness,  the  curvatures  due  to  internal  changes  alternate 
upwards  and  downwards.  Light  exercises  an  immediate  influence  on  these  peri- 
odically contractile  organs ;  any  increase  of  its  intensity  tends  to  give  the  blade  an 
expanded  position,  such  as  it  occupies  in  the  day-time  ;  any  diminution  tends  to 
cause  it  to  assume  a  closed  position  upwards  or  downwards  such  as  it  has  in  the 
night  This  effect,  which  I  formerly  termed  '  the  paratonic  action  of  light,'  is  not 
the  cause  of  the  periodic  movements;  but  rather  counteracts  the  periodicity  caused 
by  the  internal  forces.  In  most  leaves  endowed  with  periodic  movements  the  para- 
tonic influence  of  light  is  so  strong  that  it  neutralises  them,  and  induces  in  their 
place  a  periodicity  dependent  on  the  alternation  of  day  and  night.  In  the  lateral 
leaflets  of  the  leaves  of  Desmodium  gyrans  on  the  contrary  the  internal  causes  of  the 
rapid  periodic  oscillations  are  so  powerful  as  to  overcome  the  paratonic  action  of 
light;  and  these  leaflets  move  upwards  and  downwards  when  the  temperature  is 
high  even  in  spite  of  changes  in  the  amount  of  light.  My  earlier  researches  ^  show 
that  it  is  only  the  more  refrangible  rays  that  produce  a  paratonic  effect,  while  red 
rays  act  like  darkness. 

The  influence  of  light  on  the  position  of  the  contractile  organs  is  not  however 
only  of  this  direct  character ;  the  motile  condition  is  also  indirectly  dependent  on 
it.  Both  the  periodic  and  paratonic  movement,  as  well  as  that  {Mimosa)  due  to 
mechanical  irritation — in  fact,  the  power  of  movement — is  lost  when  the  leaves 
have  remained  in  the  dark  for  a  considerable  time,  such  as  a  whole  day ;  in  other 
words,  they  become  rigid  by  long  exposure  to  darkness.  From  this  rigid  condifion 
they  do  not  immediately  recover  when  again  exposed  to  light ;  the  exposure  to  light 
must  continue  for  a  considerable  time,  some  hours  or  even  days,  before  the  molile 
condition  which  I  have  termed  '  Phototonus '  is  restored.  It  is  only  in  this  condition 
that  the  leaves  are  motile  and  sensitive  to  changes  in  the  intensity  of  the  light 
or  to  mechanical  irritation.  The  paratonic  curvatures  of  fully  developed  contractile 
organs  caused  by  the  action  of  light  are  distinguished  from  the  heliotropic  curvings 
of  growing  organs  by  the  fact  that,  firstly,  they  are  connected  with  phototonus, 
while  the  latter  are  not ;  and  secondly,  that  they  always  take  place  in  a  plane 
determined  by  the  bilateral  structure,  while  the  plane  of  heliotropic  curvature  depends 
only  on  the  direction  of  the  rays  of  light. 

[The  Chemistry  nf  Chlorophyll.  Gautier  (Comptes  Rendus,  I879,  and  Bot.  Zeitg.  1880) 
and  Hoppe-Seyler  (Ber,  deut.  chem.  Ges.  1879,  and  Bot.  Zeitg,  1879)  have  succeeded  in 
obtaining  green  crystals  on  the  evaporation  of  an  alcoholic  solution  of  chlorophyll. 
Gautier  considers  these  crystals  to  consist  of  chlorophyll,  but  Hoppe-Seyler  is  of  opinion 
that  they  are  a  modification  of  chlorophyll,  to  which  he  gives  the  name  of  chlorophyllan. 
The  following  are  the  analyses; — 


'  See  Sachs,  Ueber  voriibergehende  StarreiustSnde,  &o.,  Flora,  1863. —  Further  details  will  be 
given  in  Chap.  IV.     [Also  Darwin,  Movements  of  Plants,  1883.] 

'  Sachs,  Ueber  die  Bewegungsorgane  von  Phmtolus  und  Oxalis,  Bot.  Zeit.  1857.  p.  61!  el  teq. 
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Ga»lier.  Hoppe-Siyhr. 


From  this  percentage  Gautier  deduces  the  formula  C„  H^  N^  O,,  and  he  points  out  its 
relation  to  that  of  Bilirubin  (Cj„  H,,  NjOjl.  It  is  of  interest  to  note  that  iron  was  not 
found  in  either  case.  The  spectrum  of  Hoppe- Seller's  chlorophyllan  is  the  same  as 
that  of  chlorophyll.] 

Optical  Propertiei  of  Chlorophyll.  If  parts  of  plants  that  contain  chlorophyll  are 
repeatedly  boiled  in  water  and  then  quickly  dried  at  a  temperature  not  too  high  and 
pulverised,  a  substance  is  obtained  which  is  easily  examined  and  can  be  preserved  for 
a  long  time  unchanged.  From  this  powder  the  green  colouring  matter  can  be  ex- 
tracted by  alcohol,  ether,  or  oil.  The  green  solution  is  speedily  changed  by  the  action 
of  light  in  proportion  to  its  intensity,  the  less  refrangible  rays  of  the  spectrum  acting 
most  actively  and  rapidly.  It  then  assumes  a  dirty  brownish  yellow-green  colour,  the 
green  colouring  matter  having  become  modified  or  lost  its  colour. 

If  sunlight  that  has  passed  through  a  stratum  of  the  pare  gr^en  solution  not  too 
thick  or  too  dark  is  decomposed  by  a  prism,  an  extremely  characteristic  spectrum  is 
obtained  in  which  rays  of  very  varipos  refrangibility  appear  to  have  been  more  strongly 
absorbed  the  darker  the  solution  or  the  thicker  the  stratum.  This  chlorophyll-spectrum 
has  been  the  subject  of  much  research ;  the  most  recent  and  comprehensive  being  that 
of  Kraus,  from  whose  description  I  borrow  the  following '  :— 

The  spectrum  of  an  unchanged  alcoholic  solution  of  chlorophyll  shows  seven 
absorption-bands,  four  of  which  are  narrow  (Fig.  476  A,  I,  11,  III,  IF),  and  are  situated 
in  the  less  refrangible  half;  while  three  (r,  FI,  FII)  are  broad  and  are  situated  in 
the  more  refrangible  half.  The  latter,  distinguishable  as  distinct  bands  only  in  very 
dilute  solutions,  coalesce,  even  in  the  solutions  of  medium  concentration  which  are 
ordinarily  examined,  into  a  single  continuous  absorption-band  occupying  the  whole  of 
the  more  refrangible  half  of  the  spectrum. 

The  bands  /,  II,  III,  and  IF  are  situated  in  the  red,  orange,  yellow,  and  yellow-green. 
The  deep  black  band  I,  sharply  defined  on  both  sides,  lies  between  Fraunhofer's  lines 
B  and  C;  the  three  others,  shaded  off  on  both  sides,  diminish  in  strangth  in  the  order  of 
their  numbers.  Between  these  bands  the  illumination  is  dim,  and  progressively  in  the 
order  of  the  numbers ;  /.  e.  is  less  dim  between  //  and  ///  than  between  /  and  //,  &c. 
To  the  left  of  I  the  light  is  undiminished. 

The  bands  F,  FI,  and  FII  in  the  more  refrangible  half  of  the  spectrum  are  shaded 
on  both  sides;  Tis  situated  to  the  right  of  Fraunhofer's  line  F;  FI,  which  Is  dark  in  the 
middle,  to  the  left  of  and  on  the  line  G ;  FII  may  be  regarded  as  the  total  absorption  of 
the  violet  end.  This  spectrum  has  been  found  in  all  observations  made  on  the  most 
different  plants ;  Mono-  and  Dicotyledons,  Ferns,  Mosses,  and  Algre. 

The  Spfctrum  of  living  Uavei  agrees  with  that  of  the  solution  in  its  main  character- 
istics=.     The  bands  I -Fare,  according  to  Kraus,  easily  made  out  in  all  ordinary  leaves 

'  Kraus,  Sitzmigsb.  der  phys.-med.  Soc.  in  Erkngen,  June  7  and  July  10,  1871.  See  al« 
iAskenasy,  Bot.  Zeil,  1867,  p-  225 ;  Geriand  und  Rauwenhoff.  Archives  neerlandaises,  vol.  VI,  1871 ; 
and  Gerland,  Poeg.  Ann.  1871,  p.  5S5.  [Kraus,  Zur  Kennlniss  der  Chlorophyllfarbstoffe  u.  ihrer 
VeiH.TndCen:  Stuttgart,  1872.     For  reference  to  Mr.  Sorby's  papers  see  Sect.  8  o.] 

'  For  farther  evidence  of  this  very  remarkable  fact  see  Gerland  und  Rauwenhoff,  L  c,  p.  604. 
It  is  not  easy  fo  understand  how  certain  physicists  can  maintain  the  contrary.      [Pringsheim  points 
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of  Dicotyledons,  Monocotyledons,  and  Ferns.  But  this  spectrum  differs  constantly  from 
that  of  the  solution  in  all  its  bands  being  always  nearer  the  red  end ;  a  point  which  was 
determined  by  Kraus  by  the  use  of  Browning's  micro -spectroscopic  apparatus.  This 
difference  in  position  of  the  absorption-bands  of  the  spectrum  is,  as  he  shows,  an 
illustration  of  the  universal  rule  that  the  absorption -bands  approach  nearer  to  the 
red  end  in  proportion  to  the  specific  gravity  of  the  solvent  of  the  colouring  substance. 
It  follows  from  this  that  the  green  colouring  matter  is  distributed  in  such  a  manner 
in  the  colourless  matrix  of  the  chlorophyll-granules  that  it  must  be  considered  in  a  state 
of  solution.  In  no  case  can  the  colouring  matter  of  chlorophyll  in  living  cells  be  in  a 
solid  state,  or  equivalent  to  the  residue  left  behind  when  the  solution  is  evaporated. 

If  an  alcoholic  solution  of  chlorophyll  is  agitated  with  any  quantity  of  benzol  (say 
double  its  volume)  two  very  sharply  separated  strata  are  formed  after  the  fluid  comes 
to  rest,  a  lower  alcoholic  stratum  of  a  pure  yellow  colour,  and  an  upper  blue-green 
stratum  of  benzol.     Kraus  considers  this  process  to  be  a  dialytic  one ;   there  are,  ac- 


cording to  hjm,  two  colouring  substances  in  the  ordinary  chlorophyll-solution,  a  blue- 
green  and  a  yellow  one,  soluble  in  very  different  degrees  in  alcohol  and  benzol. 

Kraus  therefore  holds  the  spectrum  of  chlorophyll  to  be  a  comb  in  at  ion -spectrum, 
i.  e.  that  it  arises  from  the  superposition  of  the  two  spectra  of  the  blue-green  and 
the  yellow  colouring-matter.  The  blue-green  substance  gives  the  four  narrow  abson>- 
tion-bands  in  the  less  refrangible  half  of  the  spectrum  (Fig.  476,  5),  and  part  of  the 
band  r/ which  is  situated  at  G  in  the  more  refrangible  half.  The  band  r{Fig.  476  C) 
results  from  the  yellow  colouring  matter  which  has  absorption -bands  in  the  more'  re- 
frangible half  of  the  spectrum.  The  band  VI  of  the  chlorophyll- spectrum  is  the  result 
of  partial  superposition  of  corresponding  bands  in  the  spectra  of  the  yellow  and  the 
blue-green  substances,  which  however  do  not  perfectly  coincide.  Both  colouring  sub- 
stances alike  produce  the  absorption -band  VII  at  the  violet  end. 

According  to  Kraus'  statements  it  is  possible  to  decompose  chlorophyll  into  two 
out  (Ueb,  Dchtwirkimg  iind  Chlorophyllfunction,  Jahrb.  f.  wiss.  Bot.  XII,  1881)  that  ihe  chlorophyll., 
spectrum  is  the  same  in  leaves  which  are  assimilating  as  in  those  which  are  not.] 
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distinct  colouring  tnatters  by  a  simple  djalytic  process.  Conrad  has  shown,  however 
(Flora,  1872,  p,  396),  that  if  a  solution  of  chlorophyll  in  absolute  alcohol  be  treated  with 
benzol,  a  separation  of  the  green  and  the  yellow  never  occurs.  This  only  takes  place 
when  dilute  alcohol,  of  a  strength  less  than  65  per  cent.,  is  used.  Conrad  points  out 
forcibly  that  Kraus  used  dilute  alcohol,  which  may  be  at  once  inferred  frorn  the  fact 
that  he  extracted  the  boiled  leaves  with  alcohol  without  having  previously  dried  them. 
According  to  Conrad,  it  is  very  doubtful  if  this  decomposition  of  the  chlorophyll  is 
simply  a  dialytic  phenomenon.  More  probably  a  decomposition  had  previously  been 
which  is  supported  by  the  fact  that  solutions  of 
absolute  alcohol  when  evaporated  give  in  the  former  case, 
g     >  11  1         g       tt        1  bl        water', 
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e.g.  Escbichisltzia,  also  soluble  in  alcohol,  is  again  dilferent,  possessing  a  fourth  band  in 
the  blue-green  lo  the  left  of  the  three  bands  of  the  orclinary  yellow  substance.  The 
colouring  matters  of  bright-coloured  lower  organisms  which  are  soluble  in  alcohol  are 
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Wiss.  za  Berlin,  1874)  confirme  Conrad .  ob.t 
layers  depends  npon  the  fa.ct  that  benzol  will  no 
He  also  points  out  that  under  any  circumstanc 
alcohol,  and  further  that  benzol  will  dissolve 
become  more  deeply  coloured. 


Chl      phjllf    b     ff    M      t  b      d   k.  Akad.  d. 
at  on  .     H      h  h        h     sep  1  into  two 

niix  with  weak  alcohol,  but  will  do  so  with  strong, 
s  some  of  the  benzol  is  retained  in  solution  in  the 
nore  chlorophyll  than  alcohol  and  will  therefore 
at  the  yellow  colour  of  the  alcohol  is  due  to  the 


e  chlorophyll  in  it,  as  shown  by  the  spectroscope,  though  some  yellow  colouring- 
■.r  (etiolin  or  xanthophyll)  is  also  present.] 
■  ila^ti.bacli,  Fogg.  Ann,  vol.  141.  p.  145 ;  Lommel,  ib.  vol.  14J.  p.  572. 


vGooqIc 


ACTION   OF  LIGHT  ON   VEGETATION. 


observations  at  present  made ;  but  it  is 
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t     th  t     d    g  tl  derable   mechanical   intensity,   because 

iy  to  a  small  extent;   and  the  same  is  the  ease  with  the  orange 

This   statement   is   again   entirely   opposed  to   observation ;    for  it 

that   are   the  most  efficacious  in  promoting  evolution   of  oxygen, 

d  (1.  c.  p.  584)  that  'this  inference  is  incorrect;'    it  is  however  no 
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oKid  t       )  d  th         IS 

are  absorbed  by  chlorophjll 
t  n  the  I  ng  leaf.  It  mu 
c  pie  of  the 
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1  t 


th 
1  t 


th 


b  d 


yg      (     d    pp       tly 


h   h 


a  olut  on  of  oxygen  must  be  absorbed,  inasmuch  a 


th  g  t  just  fy  th  pp  t  th  t  th 
n  solution  without  causing  evolution  ot  oiygen  should  cause 
t  certainly  be  riglit  to  suppose,  as  a  necessary  result  of  the 
nergy',  that  the  rays  which  are  efficacious  in  causing 


y  perform  chemical  work ;  but 


L  mmel  Pogg.  Ant 

M  11      (Botan.  Beo 

e     n    upp    C  of  this 


[Pringsheii 


1  o  what  I  sa 
1  has  made  a 
;  Jahrb  f  »iss 
Micr.  Sd.  18S2).  and  has 
the  tays  absorbed  by  it  at 
rays  promole  the  respiratic 
granule,  and  not  the  chlorc 
compounds;  (4)  that  the 
ascertained^ which  njs  are 

the  chlorophyll-granule  a 


1.  »ol.  143.  p.  581  et  Mj.  , 

ibachtungen,  Heidelbeig  1871,  Hefi  I)  has  adduced  a  great  array  of 
conclusion.  Bnl  any  one  who  knows  how  snch  observations  shouM  lie 
due  is  to  be  attached  to  these.    See  also  Pfeffer,  Bot.  ZeLt.  i8;2,  No,  13 

id  on  this  subject  long  ago  in  my  Enperimenlal  Physiology,  p.  2S7. 
senes  of  ies<;arches  on  Chlorophyll  (MonaCsber.  d.  k.  Akad.  zu  Eetlin, 

Bot  XII  i8Sl  see  also  Nature,  vols,  XXI,  XXIII,  and  Quart,  Joum. 
cf  lie  to  Ihe  following  concluaons  with  respect  to  its  function ;  (1)  that 
e  not  those  which  promote  assimilation;  (a)  that,  on  (he  contrary,  these 
in  of  the  protoplasm;  (3)  that  it  is  the  protoplasm  of  the  chloiophyll- 
iphvlt  wh  ch  decomposes  the  absorbed  carbonic  acid  and  forms  ot^anic 
energy  for  this  purpose  is  derived  from  light,  but  it  has  not  yet  been 

absorbed  bj  the  protoplasm ;  (5)  that  the  function  of  the  chlorophyll 
e  that  IS  that  it  absorbs  Ihe  rays  which  would  promote  ies[aration  in 
id   this     I.  der=    t   possible    for  the   synthetical  processes  to  take    place 
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observntion  shows  that  it  is  not  the  rays  absorbed  by  the  green  colouring  matter  that 
perform  this  work  either  in  the  solution  or  in  the  living  plant  ^. 

Tiv  Relation  efCell-d'iviiion  to  Light  has,  as  I  have  already  explained,  been  completely 
misunderstood  by  Famintzin.  In  my  paper  'On  the  influence  of  daylight  on  the 
formation  and  unfolding  of  various  oi^ans  of  plants'  (Bot,  Zeif.  1863,  Supplement) 
I  described  in  detail  a  long  series  of  phenomena  which  show  that  the  fresh  formation 
of  parts  connected  wilh  cell-division  is  in  general  independent  of  light  as  long  as 
there  is  a  supply  of  reserve  food-material  to  support  growth.  The  main  results  were 
again  collected  in  my  'Handbook  of  Experimental  Physiology,'  p.  ji,  referring  also 
to  that  paper.  Notwithstanding  this,  Famintzin  '  commences  his  paper  quoted  above 
(three  years  later  than  one,  and  five  than  the  other  of  my  works)  with  the  words; 
'  The  action  of  light  on  cell-division  has  not  yet  been  carefully  examined  by  any 
one.  All  that  I  •  have  been  able  to  find  on  this  subject  is  limited  to  a  remark  of 
A.  Braun's  on  Spirogyra  and  a  statement  of  Sachs  relating  to  cell-division  in  general.' 
He  then  quotes  a  passage  from  Braun  cited  also  by  me,  and  continues: — 'Basing  his 
remarts  on  these  statements,  Sachs  expresses  himself  as  follows,'  and  then  quotes 
some  passages  from  my  Handbook,  p.  jr,  no  reference  being  made  to  the  earlier 
paper  or  its  conclusions.  He  then  maintains  that  his  own  observations  lead  to  entirely 
.  different  results;  but  it  is  easy  to  show  that  they  rather  lead  to  the  same  as  mine. 
At  the  end  of  his  memoir  (p.  28)  he  says: — 'The  cell-division  of  Spirogyra  is  not 
prevented  by  light,  as  has  hitherto  been  supposed,  but  on  the  contrary  is  promoted 
by  it '  (which  is  incorrect).  According  to  Famintzin's  observations,  this  acceleration  of 
cell-division  by  light  depends  on  the  fact  that  light  induces  the  assimilation  of  food- 
material  ;  which  is  obviously  a  different  question  from  that  argued  by  me  and  opposed 
by  him ;  since,  presupposing  the  presence  of  a  supply  of  food -material,  I  only  argued 
the  question  whether  light  exerts  any  influence  on  the  physical  fact  of  cell-division, 

'  The  cell-division  of  Spiragyra,'  continues  Famintzin,  '  has  been  proved  to  be  de- 
pendent on  light  to  the  same  extent  as  the  formation  of  starch ;  but  the  relationship 
in  the  former  ca.se  differs  from  that  in  the  latter  in  the  following  respect : — the  formation 
of  starch  is  induced  by  a  very  brief  exposure  to  light  (about  half  an  hour)  and  requires 
that  its  action  be  direct ;  starch  is  formed  only  under  the  influence  of  light ;  in  its 
absence  the  formation  at  once  ceases.  Cell-division,  on  the  other  hand,  is  induced 
only  after  light  has  acted  for  some  hours;  it  then  commences  in  the  cells  whether 
these  are  exposed  to  light  for  a  longer  time  or  are  removed  into  the  dark.'  This 
shows  therefore  that  when  food-materials  are  formed  cell-division  takes  place  in  the 
light  as  in  the  dark ;  a  fact  which  I  had  proved  five  years  before  by  a  greater  number 
of  observations. 

Better  in  more  than  one  respect  is  Batalin's  treatise  '  On  the  action  of  light  on 
the  development  of  leaves'  {1871)'.  Starting  from  the  facts  discovered  by  himself 
and  by  Kraus  that  cells  have  the  same  size  in  small  etiolated  leaves  as  in  large 
leives  of  the  same  species  grown  in  light,  he  concludes  with  justice  that  the  number 
of  cells  is  lai^er  in  the  normal  than  in  the  etiolated  leaf,  and  that  the  size  of  leaves 
is  proportional  to  the  number  of  cells  in  them,  But  from  this  he  draws  the  following 
erroneous  conclusion :—' The  leaf  grows  so  long  as  it  produces  new  cells;  and  the 
growth  of  the  leaf  does  not  depend  on  the  increase  in  size  of  the  cells.'  It  should 
rather  be, — 'The  growth  of  the  leaf  depends  firstly  and  directly  solely  on  the  increase 
in  size  of  the  cells,  and  is  proportional  to  this;  but  the  cells,  when  they  have  grown 
larger,  divide  so  that  they  are  actually  of  about  the  same  size  in  the  small  etiolated 
as  in  the  large  green  leaf.'     He  continnes ; — '  Leaves  do  not  grow  in  the  dark  because 

'  Gerland  {I.e.  p.  609)  has  also  arrived  al  a  similar  conclusion. 

'  Famintzin,  Melanges  phys.  el  chim.,  Pelcribourg  1868,  vol.  VI!,  On  the  action  of  hght  on 
the  cell-division  o{  Spirogyra. 

'  Batalin,  Bot,  Zcit.  i8ji,  p.  670. 
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their  cells  cannot  divide  without  the  assistance  of  light;'  while  the  exact  converse  is 
the  fact,— they  do  not  divide  because  they  do  not  grow.  This  error  prevails  throughout 
the  whole  treatise,  which  in  other  respects  contains,  a  number  of  instructive  observa- 
tions. Moreover,  Prantl's  measurements  show  that  even  in  small  etiolated  leaves 
(Pbaifolus)  numerous  cell-divisions  take  place'. 

It  must  be  observed  in  addition  that  the  very  small  growth  of  leaves  in  the  dark 
is  not  a  universal  phenomenon  even  amongst  Dicotyledons,  The  leaves  produced 
from  the  tuberous  roots  of  the  Dahlia  and  Beet  grown  in  the  dark,  and  even  those 
of  Pbaseoius,  attain  very  considerable  dimensions,  and  sometimes,  especially  when  the 
temperature  is  high,  almost  the  size  of  those  developed  in  the  light'. 

ConlH-vancei  for  ohierving  planti  in  light  of  different  cdduri  (or  of  different  refrangi- 
bility).  In  order  to  allow  light  of  different  degrees  of  refrangibility  to  act  upon  pUnts, 
three  methods  may  be  adopted:— (i)  The  use  of  the  spectrum;  (a)  The  removal  of 
p    t     1        y  bs    bs    b    t  m  d     (gl  f]    d  )        d  (3)  C  1        d  fl  m 

(  )  It  y     f  1  ght        d       mpos  d   by  pas,    g    t  th       i,h       p  t         p       bl 

t         p  m  11  pi     t  p  rt      f  pi     t    t     th         t  f  f  tl       p 

t     m  d   h  t        11        I  ght      t       p        m  t  ly     q     1       fra  g  b  I  ty  t         t      p 

th  m      D    p       G    d  G    11  m  d  Pf  ff      h  ked        tl      m  I 

g  th      p         m    t  m    t  h  b       b        d  th  t  th       t       t>     t  th     1  ght 

t    d  ff       t  p    t         1       th      th  t     f  th     1  ght  th  t  passes  th      gh  th      It       p 
port       t      h    b      dth     f        h  p    t      If  th      p    tru        t  th     d  t  f    m   th 

P     m      1         tl        bs        t  m  d  f  t  1     g   b  t  th      1  t       ly 

b      1   th  t       ty    f  i  ght     1  th       h  I      pect  ly    /        f  th  t 

h    h  p  th       gh  th      1 1,  t         1  ght  th  1    t       h    h  Id  m  th 

O   ly        m  II  1  m  t       ty  t  th      f        b         p     t  d         th      pe  t 

I  d  t  b  t  th  d  ffi  lt>  t  le  es  y  th  t  ry  t  se  I  ght  pas  th  gh 
th      It      i     h  m  y  b      ff    t  d  by  th  f         \  g  1      es      If  llj   th 

a.  1  ght       mpl  y  d  th       >  t    b    d         p      d         t  b    L  pt  fi    d  pos  t 

by     h  1     t  t         1 1     t  b>     m        bl    m 

{)   Ah     b       md         Th     d  f    t    wh   h  h        b        m    t       d  bse      ( 

w  th  th     pe  t  11  IS  th  d      bl  t    f      h  I     t  t  d  d     h 

1        d  1  ght        bt       d  by  f    bso  b    t       d         F      th     p    po=e  d  f 

1         d   gl  ss  trat        f  ii    d  los  d   b  tw  I       1  s.    gl         pi  tes   m  y  b 

d      Th       last  p    se     th      d      t  g    th  t     I       t       y      <\       dm       t     t    p 
y  b      II  m     t  d  bj  th     I  ght         q      t  d  th  t  th     t       m  tt  d   I  ght       ly 

1  m    h  I       t>  d       t     th  II  t     t     bs    pt  f  th 

t        m  tt  d      J     by  th         1         d   m  d  It  m   t  I      th     gh  ry 

t    th    k  th  t    b         t         ml        th      1         1  =«  I  ss  th      th 
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h        tipt  tbdid  hprti        ase 

Th  f    bso  b    t       d  1     y        bj    t  t     th     d  sad      t  g    th  t  th  y  d 

t  g         lly  t  t  1  gl  t     f  gl        1         b  t  1  d  ff       t  k    d      t  ray 

Th      dsad       t  g  p        II)    th         se  wth        1         d    gl        pi  t  d        th   th 

pti        f  tl     d    p      d      b       d  th         J  d    k  bl         b  It  glas    th  ■sea      ly 

ykdhh  pp  It  ptbltbt  Idfld 

f  th     d        d  q    I  ty     1th     gh   h  1      th         mb      th  t  be    sed  11 

Th    tw       h    I    h        b  I      d)  m    t       d         p    t     1    ly  us  f  1  t         d 

solution  of  potassium  bichromate,  and  a  dark  solution  ot  ammoniacal  copper  oxide ;  by 

means  of  these,  with  the  right  concentration  and  thickness  of  the  stratum,  experiments 

'  Arb.  des  hot.  Instil.  Wiii'zburg.  1873,  Heft  111.  p.  384. 
"  See  infra.  Sect,  JO. 

'  Gardner,  Froriip'^  NoLizen,  1844,  vol.  30.  No.  11.— Guillemin.  Ann.  des  Sd.  Nat   18:7,  vol. 
VII.  p,  160. 
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b  t       d  t       pi        h  t     d  yl  ght  1>       t     t        hi         th     flret 

1  t       mtt    g  th     I  f     gbl        J     f         th        d  t     th     g  h     b! 

It  11   th     m  f      g bl         J      1     m    th     g  t     th       1         lit      Thos 

fl    d       Iso  f  g      t  hit  t   th        h  I      p     (     n        th  tl  pton 

t      f       g      p      f  n>  h    ply  1  m  t  d  as  po    bl       If       t       ph      m 

h       p]     t  p      d  t     1  ght  t  tt  d  th      ijh  th  se      1  t  t  t 
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1         th        pe  t     m      f    th      t  ght   th  t   p  th      gh   th  m    is  rat  1)    k     w 

Glas  pi  t  mpl  >  d  d  d    t  b  los  d  II     des  h    1  pi    t 

pi     ed         1         d  fl    d  lb       mpl  y  d  f      th         m     p  rp  se  by  pi        g 

th  glas  1   w  th  p      II  1     d         d         g  th  d  w      \\  h       t  t 

>   t       11        1  gh    t     t  11        p      U  I  ray      p       th     pi     t    th  t  t 
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d    bl    glas    b  II     h   h       th      pi      d  I  k  d       y  b  11  gl  th     pi  n     t 

b      bs       d 

For  microscopic  observitions  m  coloured  light  I  employ  boxes  like  that  reprefeiited 
F  s  4  4         ly  th  t       t    d     f  th         1      1       pi  t       f  gl  %      d     bl    w    d  w         sed 
th     p       b  t  th    t      p        be    g  fill  d       hi        d  fl    d 

{)    Clou    d  Fl  m   —         th     I  ght     f  b  d  es  fi     ly   d     d  d     t  t     h    t  d  t 

d  flmhhtit         Im         — h  ththrtb  pi  yd 

f  t      b        t  pi     t        Ik  Ij     t  t  t  m    t  by  W  Ik  ff 

th  t     t    1  t  d  seedl    gs     (  L  fiti  ■ube  g  Ipldtse 

ght  1      rs    t     gl  t       h     d  t  I  1  gas  fl  m  h    h      d    m 

b  h  d      1  til     d       d  be  1         t      Th     1  ght    as  II   k 

t        ly     f  h  h  p     d  t     Fra    h  1         I        D       Th        d  I  ght     f 

th     fl  t    1  th    m         th     bl       1  ght     f  th  t     f      d  1      m       b       mpl       d 

th        mm  Tstlyll        fimffh        tt        tydl  yp"i 

b      tt       d     ththes    fl 

[The  toregoing  account  would  be  incomplete  without  some  statement  of  the  results 
attained  on  this  subject  by  Mr.  H.  C.  Sorby,  The  following  is  a  brief  abstract,  sup- 
plied by  him,  of  investigations  which  will  be  found  reported  in  detail  in  his  published 
papers': — 

Vegetable  colouring-matters  may  be  divided  into  two  principal  classes,  fandammial 
and  accidental.  The  fundamental  are  those  which  are  essential  to  the  healthy  growth  of 
the  plant ;  and  by  carefully  studying  the  position  of  the  absorption-bands  in  living  leaves 
these  substances  are  often  found  in  a  free  and  solid  state,  even  when  they  are  soluble 
in  water,  or  could  easily  combine  with  the  closely  associated  oils  or  wax.  When  set 
free  by  boiling  in  water  or  by  decomposition,  they  dissolve  according  to  their  properties 
in  this  respect  in  water,  or  combine  with  oil  or  wax  if  these  be  present.  The  petals  and 
other  portions  of  the  organs  of  reproduction  often  contain  some  of  the  fundamental 
colouring-matters  of  the  leaves,  but  frequently  others  are  developed. 

AcciiUntal  colouring-matters  are  those  which  may  be  present  or  absent  without 
apparently  interfering  with  the  healthy  growth  of  the  individual  plant,  and  are  often  so 
conspicuous  as  to  make  mere  cahur  of  very  little  importance  if  it  depend  upon  them, 
and  not  on  the  difference  in  the  kind  or  relative  proportion  of  the  fundamental  colouring- 

1  Such  double-walled  bell-jars  can  bs  obtained  from  Waimbrunn  and  Quilitz,  Berlin, 

>  Wolkoff.  Jahrb.  fiir  wisa.  Bot.  1866.  vol.  V.  p.  1 1. 

'  [Proceedings  of  the  Royal  Society,  vol.  XV,  1867,  p.  433. — Quarterly  Journal  of  Microscopical 
Science,  vol.  IX.  1869,  p.  358;  vol.  XI.  1871,  p.  31^. — Monthly  Microscopical  Journal,  vol.  Ill, 
1870,  p,  229;  vol.  VI.  1871,  p.  124. — Proceedings  of  the  Royal  Society,  vol.  XXI.  1873,  p,  441, 
Researches  on  the  spectrum-analysis  of  ihe  green  colou ring-matter  of  plants  are  given  by  Chautard 
in  Ann,  de  Cbim.  et  de  Physique,  Sept.  1874.] 
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matters.  These  non-essential  substances  are  far  mote  common  in  the  petals  than  in  the 
leaves,  and  if  of  any  use  to  the  plant,  are  only  indirectly  advantageous,  as,  for  instance, 
in  ttracti  g  i  s  cts  It  '  1  ibtful  t"  which  of  these  two  divisions  certain  *:ubstances 
hldb        trrd       dpehps  y      tb  tit      thh     lth>  p    t     m 
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It  has  many  properties  in  common  with  the  above-named  two  kinds  of  chlorophyll, 
being,  like  both  of  them,  highly  fluorescent  and  easily  decomposed  into  another  modifi- 
cation by  acids.  All  three  are  insoluble  in  water  and  soluble  in  absolute  alcohol,  but  not 
always  in  carbon  bisulphide. 


The  difference  between   thei      pe  tra       11  b     b  tt           d  rst     d 

by  m             f  th 

figure,  476  4,  which  represents  th      b      pt        b     d                            It 

dl  ted  so 
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■  [The  spectrum  given  by  Kraus  (Fig.  476  B)  is  due  to  a  mixture  of  thefle  with  some  o 
the  products  of  the  action  of  acids.  See  Pringsheim,  Ueb.  natiirliche  Chlorophyllmodificalionen 
Monatiber.  d.  ki,  Akad.  d.  wiss.  zu  Berlin,  1876.] 
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must  have  been  due  to  a  mixture  of  the  latter  two.  Olive  Alg;e  contain  another 
fundamental  species,  fucoxantbint.  In  many  Fungi,  and  in  the  petals  of  flowers,  occur 
other  more  orange-coloured  species,  of  which  that  in  Pexi^m  auraniiaca  is  a  good 
example.  Sorby  adopted  the  name  proposed  by  Kraus'  for  a  still  more  red  orange- 
coloured  species;  but  what  Kraus  describes  as  phjCBXanthine  must  have  been  a  mixture 
of  this  substance  with  fucoxanthine  and  lichno xanthine.  The  difference  between  the 
spectra  of  some  of  the  above-named  species  will  be  better  understood  by  means  of  the 
following  figure  (476  c),  which  represents  those  of  the  solutions  in  carbon  bisulphide. 

When  these  various  substances  are  dissolved  in  benzol,  their  absorption -bands  are  all 
equally  raised  towards  the  blue  end,  so  that  we  appear  to  have  a  remarkable  series  of 
very  closely  related  substances. 

Licbaoxanibine  grouf.^The  colouring- matters  belonging  to  this  division  are  insoluble 
in  water,  soluble  in  absolute  alcohol,  and  sometimes  also  in  carbon  bisulphide.  They  all 
give  spectra  without  bands,  and  absorb  more  or  less  Ironi  the  blue  end.  Some  are 
yellow,  and  others  so  red  that  they  may  be   called  liehnserythrlnes.      Lichno xanthine 


Red  end. 


Blue  end. 


Pexi/.a  xanthine  . 


Orange  xanthophyll  . . 


Yellow  xanthophyll  . 


..' ,...    i 


occurs  in  both  the  highest  and  lowest  classes  of  plants,  but  the  whole  group  is  more 
especially  developed  in  Lichens  and  Fungi.  It  is  not  yet  possible  to  say  what  part  they 
play  in  the  economy  of  plants,  and  in  some  cases  they  are  probably  only  products  of  the 
oxidisation  of  chlorophyll  and  resins,  from  which  they  may  be  prepared  artificially. 

We  now  come  to  a  number  of  different  groups,  soluble  in  water  but  insoluble  in 
carbon  bisulphide, 

Phycocyan  and  Pbfcoerylhrine  grcup.— There  are  at  least  five  distinct  colouring- 
matters  mcluded  m  these  two  group--  which  differ  Irom  one  another  m  many  well  marked 
particulars  The  phycocvans  are  highly  fluorescent  but  the  phycoerythnnes  little  if  at 
all.  They  give  remarkable  spectra  with  one  main  absorption  band  Soiie  are  ion 
neeted  with  albuminous  substances  m  much  the  sime  manner  as  the  haemoglobm  of 
blood,  bemg  like  it  deeompcsed  at  exactly  the  ^ame  temperature  as  that  at  wh  ch 
albumen  coagulates,  whilst  the  others  appear  to  be  la^ociated  with  some  ditlerent  but 
related  subatance  They  are  especialh  character  st  c  of  red  Alt,ic,  but  also  occur  m  <t 
few  L  chens 

'  (.hlomi-hjllfaiL^toire  j.    109 
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Erythrofhyll  group. — The  colouring- matters  belonging  to  this  group  are  very 
numerous,  and  their  production  often  depends  upon  obscure  and  accidental  causes, 
easily  modified  by  slight  variations  in  the  internal  or  external  conditions.  They  may  be 
divided  into  three  well-marked  sub-groups,  according  as  they  are  changed  by  the  action 
of  sodium  sulphite.  They  are  soluble  in  water,  and  are  usually,  if  not  always,  dissolved 
in  the  Juices  of  the  plant,  and  disseminated  in  cells  of  various  kinds.  A  greater  number 
of  difTerent  species  occur  in  the  petals  than  in  the  leaves.  They  are  usually  indicative 
of  low  constructive  energy,  but  yet  are  not  merely  products  of  chemical  decomposition. 

Chryjotaiinin  group. — Much  remains  to  be  learned  with  respect  to  these  more  or  less 
pale  yelloiv  or  even  colourless  substances,  and  the  part  they  play  in  plant-life.  The  most 
striking  fact  connected  with  them  is  that  when  oxidised  they  give  rise  to  the  various 
brown  substances  which  are  the  cause  of  many  of  the  characteristic  tints  of  autumnal 
foliage.  These  changes  are  mainly,  if  not  entirely,  due  to  chemical  action,  and  can 
easily  be  in:iitated  artificially. 

Exposure  to  a  greater  or  less  degree  of  light  may  produce  a  great  quantitative  or 
even  qualitative  dilFerence  in  ttie  colouring  matters.  Rudimentary  petals  and  rudi- 
mentary leaves  correspond  closely,  but  subsequently  development  takes  place  in  two 
different  directions;  and  very  often  when  the  petals  of  the  more  highly  developed 
varieties  are  only  partially  grown,  the  constituent  colouring-matters  are  both  qualitatively 
and  quantitatively  the  same  as  those  in  some  other  variety,  as  though  this  were  due 
simply  to  a  natural  arrest  of  development.  By  growing  almost  in  the  dark  flowers 
coloured  by  more  or  less  of  the  orange  species  of  the  xanthophyll  group,  the 'petals  are 
obtained  of  the  full  size,  but  only  yellow  and  corresponding  exactly  to  the  normally 
yellow  variety;  and  there  Is  this  remarkable  peculiarity,  that  the  relative  proportion 
between  the  difTerent  colouring-matters  approximates  more  or  less  closely  to  what  is 
obtained  by  exposing"  to  light  a  solution  of  those  found  in  the  normal  petals ;  that  is 
to  say,  absence  of  light  tends  to  prevent  the  formation  in  the  petals  of  those  more 
orange-coloured  substances  which  are  the  most  readily  decomposed  by  exposure  to 
light  when  they  are  dissolved  out  from  the  petals.] ' 


'  [The  occasional  occurrence  of  ' chlorophylloid  green  colouring  mailers'  in  (he  tissues  of 
animals  is  a  matter  of  considerable  signiftcance.  Mr.  E.  R.  Lankester  has  obligingly  drawn  up  the 
following  list  of  such  cases.  Those  marked  with  an  asterisk  have  h<«n  observed  by  hiiia  with  ihe 
spectroscope  for  the  first  time: — Infusoria;  Suniar  Mulleri  and  others.  Foraminifera,  Radiolaria; 
RHaphidiophrys  viridis,  Heteropkrys  myriopoda  (Quart.  Journ.  Micr.  Sc.  1869).  Ccelcnlerata ;  *  Spcn- 
gilla  Jiuvialitis  (Journ.  Anat,  and  Phys,  1869),  *  Hydra  viridis,  Aiitiea  sereus  var.  smaragdina  (chloro- 
fucine).  Vermes;  Mesosfomum  viride  (Planari^),  * Sonellia  viridis  (in  the  skin),  *Cliatopttmi 
ValeacimnesU  (in  the  walls  of  the  alimentary  canal).  Citistacea;  »Idolea  viridis  (Isopoda).  The 
chlorophylloid  substance  is  not  present  in  the  same  physical  ot  chemical  condition  in  all  these  cases. 
In  Rhapkidiophrys,  Helerophrys,  Spongilla,  and  Hydra,  it  is  localised  in  granules  imbedded  in  the 
protophtsm ;  this  is  also  the  case  in  BonelUa,  but  the  granules  are  finer.  In  Idolia  it  is  not  in 
granules  but  diffused  in  the  chitino- calcareous  integument.  In  all  cases  the  chlorophylloid  substance 
agrees  in  having  a  strong  absorption-band  in  the  red— a  little  to  the  right  or  left ;  and,  except  in 
Idotea,  in  being  soluble  in  alcohol ;  and  in  having  strong  red  fluorescence  and  in  tinally  losing  its 
colour  when  dissolved.  In  Bonetiia,  Chielopterus,  aud  Spongilla,  the  absorption- sp.ctrum  presents 
differences  in  other  respects  in  each  case,  and  the  green  lint  is  itself  different— being  black  oUve- 
green  in  Chtcti^erus,  bluer  but  equally  dark  in  Biwellia,  and  apple-green  in  Spongilla  and  Idotsa. 
In  Spongilla  the  green  colour  is  not  developed  if  the  animal  grows  in  the  dark.  But  like  etiolated 
vegetable  tissues,  Spongilla,  when  immersed  in  strong  sulphuric  acid,  gradually  developes  a  strong 
leaf-green  colour,  fully  as  intense  as  that  of  the  naluially  green  specimens  (Quart.  Journ.  Micr.  Sc. 
1874,  p.  403).  Bonellia,  on  the  other  hEind,  always  lives  in  a  dark  hole  excavated  by  it  in  calcareous 
rock,  and  Chaloplerus  lives  in  a  thick  opaque  tube.  Geddes  has  found  that  a  green  Planarian  (Cob- 
volula  Sckulizii)  decomposes  carbonic  acid  under  the  influence  of  light,  oxygen  beuig  evolved  and 
ttarch  formed  in  the  cells.] 
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'  Villari.  Pogg.  Ann.  i868,  vol.  133.  p.  425. — JUigensen,  Studien  des  phys.  Inst,  za  Bteslau,  1861 ; 
Heft  I.  p.  38  et  sej.— Heidenhab,  ditto  1863.  Heft  2.  p.  65.— Briicke,  Sitzungsb.  der  Wien.  Akad. 

1861.  vol.  46.  p,  I. — Max  Schultze.  Das  Protoplasma  der  Rhizopoden  ;  Leipzig  1863,  p.  44.— Kuhne, 
Untersuchuiigen  iiber  das  Protoplasma,  1864,  p.  96. — Cohn,  Jahresber.  der  schles.  Ges.  fur  vater- 
landische  Ciiltiir,  i86[ ;  Heft  i.  p.  24.— Kabach,  Hot.  Zeit.  1861,  p.  358.— Riess,  Pogg.  Ann.  vol.  69. 
p.  288.— Buff,  Ann.  der  Chem  u.  Phann.  ]854,  vol,  89.  p.  80  el  seg.—lJ.  Ranke,  Untersuchungeii 
iiber  Pflanzenelektricitat,  Akad.  det  Wissen.  Mijneheii,  Math.-Phys.  Klasse.  July  6,  1872.— Kunkel, 
ueb.  elettromolorische  Wirkungen  an  nnverlet^ten  Pflanientheilen,  and  Ucb.  eitiige  Eigenthiimlich- 

■Iteiten  des  electrischen  Leitnngsverniogens  lebender  PHanzentheile,  Arb.  d.  bol.  Inst,  in  Wiiribuig, 
II.  1,  2,  i8?8-9. 

*  Sachs.  Ueber  saure,  alkalinische,  unci  neutrale  Reaction  der  SiLfte  lebender  Pflanzen ;  Bot.  Zeit. 

1862.  No.  33. 

'  [Becquerel  thought  that  the  evaporation  from  leaves  forms  an  upward  current  of  vapour  which 
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vegetation  has  at  present,  like  the  whole  subject,  not  been  investigated  scientifically. 
The  destructive  discharges  of  atmospheric  electricity  which  are  effected  through 
trees  by  means  of  flashes  of  lightning',  at  least  show  that  smaller  differences  of 
electrical  equilibrium  between  the  air  and  the  earth  may  also  be  equalised  by  means 
of  plants^. 

The  researches  on  the  action  of  the  electric  stimulus  on  the  movements  of 
protoplasm  and  of  leaves  the  motion  of  which  is  caused  by  tension  of  the  tissues 
have  not  at  present  led  to  any  important  result  from  a  physiological  point  of 
view,  although  distinguished  observers  have  paid  attention  to  this  subject.  It  can 
only  be  said  in  a  general  way  that  very  weak  constant  currents  or  indue  lion -shocks 
(for  a  short  time)  produce  no  perceptible  effect ;  that  sufficiently  strong  electromotive 
force  produces  effects  on  the  protoplasm  and  in  the  contractile  tissues  similar  to 
those  produced  by  a  high  temperature  and  by  mechanical  means ;  and  that  finally, 
when  the  strength  of  the  current  is  still  further  increased,  the  protoplasm  is  killed 
and  the  motility  of  the  leaves  permanently  destroyed,  but  sometimes  in  the  latter 
case  without  causing  death. 

Jurgensen  allowed  the  current  from  a  battery  of  small  Grove's  elements,  the  force 
of  which  was  regulated  by  a  rheochord,  to  act  under  the  microscope  on  the  tissue  of  a 
leaf  of  Fa/liineria  spiralis,  A  constant  current  from  one  element  produced  no  perceptible 
action ;  two  or  four  elements  caused  a  retardation  of  the  protoplasmic  movement,  and 
when  continued  for  a  longer  time  completely  stopped  it.  When  the  current  was 
Interrupted,  the  movement,  if  it  had  only  been  retarded,  was  restored  to  its  original 
rapidity  after  the  lapse  of  a  short  time ;  if  it  had  entirely  ceased,  it  was  not  recom- 
menced even  if  the  current  was  at  once  stopped.    When  the  movement  is  thus  arrested, 


acted  as  a  conductor  to  electricity.    In  this  way,  by  destroying  the  necessary  electrical  conditions, 
he  thought  foi  ests  tended  to  dissipate  hail-clouds.     Mem.  de  I'lnst.  vol.  XXXV.  pp.  806,  807.] 

'  [The  disniptive  effect  of  lightning  upon  trees  U  probably  due  to  the  sudden  conversion  of 
moisture  mto  steam.    See  Osborne  Reynolds,  Proc,  PhlL  Soc.  Manch.  1874,  P-  '£■] 

'  [Edwin  Smith  (Chemical  News,  Dec.  17,  1869)  has  detected  constant  currents  of  electricity 
passing  in  certain  directions  in  plants,  as  follows  : — In  a  cut  piece  of  leaf-stalk  (Rhubarb)  from  the 
end  nearest  the  root  to  the  end  nearest  (he  blade  of  the  leaf;  from  the  outer  side  of  the  leaf-stalk 
nearest  the  cuticle  to  the  inner  axis ;  from  the  lower  end  of  the  flower-stalk  (Preony)  to  the  bract  or 
petal;  from  the  upper  to  the  under  surface  of  the  leaf;  in  the  stem  (Hawthorn)  from  the  cambium  to 
the  outer  cuticle ;  in  tbe  root  (several  plants)  from  the  outside  to  the  axis,  and  from  the  root-stock 
towards  the  apex ;  in  the  hollow  stems  of  iponocotyledonous  plants  (Grass)  from  the  inner  to  the 
outer  surface ;  in  the  Potato  from  the  centre  to  the  outside ;  but  in  the  Lemon,  Pear,  Gooseberry, 
and  Turnip  from  the  outside  to  the  centre  :  in  a  living  plant  {Traptcalinn)  from  the  plant  itself  to  the 
soil.  Kunkel  {ioc.  sit.)  obtained  similar  results  with  lie  leaves  and  stems  of  a  number  of  plants.  He 
found  that  the  direction  of  the  current  depended  upon  the  relative  moistness  of  the  points  in  contact 
with  the  electrodes,  any  point  being  always  positive  with  respect  to  another  which  is  relatively  dry. 
The  currents  which  are  observed  appear  therefore  to  be  due  to  the  travelling  of  water  in  the  tissues. 
Phenomena  of  the  same  kind  have  been  observed  by  Quincke  in  diaphragms. 

Dr.  Butdon- Sanderson  bas  made  a  remarkable  series  of  observations  on  the  electric  currents  in 
Dionaa  muscipula  (see  Report  of  British  Association  for  1873  ;  also  Nature,  vols.  VIII,  X,  and  XV, 
and  Proc.  Roy.  Soc.  vol.  XXI.  p.  495).  By  the  aid  of  Thomson's  galvanometer  he  has  shown  that 
these  currents  are  subject,  in  all  respects  in  which  they  have  been  as  yet  investigated,  to  the  same 
laws  as  those  of  animal  muscle  and  nerve.  Further,  The  Electrical  Disturbance  which  accompanies 
the  Excitation  of  the  Stigma  of  Mimnlta  liteus.  Nature,  XVI,  1879.  See  also  Mmik,  Die  elektrischen 
und  Bewegungs-Erscheinungen  am  Blatle  der  Dionaa  tauscipula,  Arch.  f.  Anat.  u.  Physiol,  Du  Bois-, 
Reymond,  1876.] 

-    3D 
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the  chlorophill  ^ran  les  ih  ch  are  carried  along  by  the  very  watery  proloplas 
mubte  at  var  ous  spgta  A  current  from  thirty  elements  causes  permanent  eesi 
the  movement  e  en  f  the  connection  is  only  momentary.  Induced  current5  act  like 
constant  ones  but  the  n  mber  of  induction-shocks  which  pass  through  the  cells  in  a 
unit  of  time  appears  to  have  no  considerable  influence  on  the  action. 

The  changes  of  form  of  protoplasm  under  the  influence  of  a  sufficiently  strong  elec- 
H  B 


T 
the  life  of  the  plant. 

In  observing  these  relationships  the  first  thing  is  to  distinguish  between  those 
contrivances  which  have  for  their  object  to  bring  the  weight  of  the  parts  of  the  plant 
into  harmony  with  the  purposes  of  its  life— gravitation  itself  not  taking  any  direct 
recognisable  part  in  the  attainment  of  these  objects — and  those  phenomena  of 
vegetation  on  the  other  hand  which  are  brought  into  existence  by  the  direct  influence 
of  gravitation  on  the  mechanism  of  growth. 

To  the  first  of  these  groups  belongs  the  fact  that  the  branches  and  foliage  of 
upright  stems  are  distributed  nearly  equally  on  all  sides,  and  that  in  larger  plants 
the  firmness  and  elasticity  of  the  masses  of  tissue  in  the  stem  is  promoted  by  the 
formation  of  wood,  or  is  brought  about  by  other  means,  as  for  instance  in  the  trunk 
of  Mum.  But  since  it  is  very  common  in  the  organic  world  for  the  same  purpose 
to  be  attained  by  very  different  means,  slender  delicate  stems  with  but  littie  wood 
can  protect  themselves  from  sinking  down  and  can  expose  their  foliage  to  the  light 
by  twining  round  firm  supports,  or  by  climbing  with  the  help  of  tendrils,  hooks, 
spines,  &c.  The  same  purpose  is  evidently  served  by  the  various  floating  con- 
trivances of  water-plants  and  those  of  fruits  and  seeds;  in  all  these  cases  the  structure 
is  obviously  adapted  to  make  the  weight  of  the  part  of  the  plant  serviceable  or  at 
least  not  injurious  to  its  life ;  although  it  cannot  be  maintained  that  gravitation  takes 
any  part  in  the  formation  of  wood,  in  the  sensitiveness  of  tendrils,  or  in  the  produc- 
tion of  a  floating  apparatus.     The  only  explanation  of  these  arrangements  lies  in 

'  These  statements  are  intended  in  the  first  place  to  draw  the  attention  of  students  to  the  pro- 
cesses of  vegetation  which  are  especially  influenced  by  gravitation.  Its  action  on  the  mechanism  of 
growth  will  be  fully  described  in  Chap,  IV,  where  also  the  literature  is  quoted. 
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Darwin's  Theory  of  Descent ;  vr'z.  that,  under  the  influence  of  long- continued  natural 
selection,  only  those  sfructures  are  finally  able  to  maintain  their  existence  which, 
while  sufficient  for  the  other  requirements  of  life,  are  so  arranged  that  the  weight  of 
the  part  is  not  injurious  or  is  even  useful.  It  must  not  be  inferred  from  this,  nor 
does  observation  render  it  probable,  that  gravitation  takes  any  direct  part  in  theSe 
phenomena. 

Gravitation  however  exerts  a  direct  influence  on  the  growth  of  young  parts  of 
plants  as  soon  as  the  longitudinal  axis  of  the  growing  organ  is  inclined  obliquely 
to  the  perpendicular  and  therefore  to  the  action  of  gravitation.  In  this  case  the 
growth  in  length  of  the  oblique  organ  is  different  on  the  upper  and  under  sides, 
and  the  more  so  the  more  nearly  horiacmtal  the  axis  of  growth.  According  to 
the  nature  of  the  organ  and  its  purpose  in  the  economy  of  the  plant,  either  the 
upper  side  grows  more  strongly  than  the  under  side,  or  the  reverse.  A  curvature 
concave  either  downwards  or  upwards  is  thus  caused  by  the  influence  of  gravita- 
tion and  growth,  and  this  curvature  increases  untfl  the  free-growing  end  is  directed 


vertically  either  downwards  or  upwards ;  the  former,  for  example,  in  primary  roots, 
the  latter  in  many  primary  stems.  In  lateral  branches,  leaves,  and  secondary  roots, 
similar  phenomena  occur,  though  not  so  markedly.  Internal  processes  of  vegetation, 
the  weight  of  the  upper  parts,  or  the  influence  of  light,  act  in  opposition  to  that  of 
gravitation,  so  that  conditions  of  equilibrium  arise  which  cause  the  organs  to  stand 
horizontally  or  obliquely  to  the  perpendicular. 

Thus  the  vertical  direction  of  primary  roots  and  stems,  and  the  oblique  direction 
of  their  lateral  branches,  are  determined  solely  by  gravitation,  or  at  any  rate  to 
some  extent,  so  long  as  these  parts  are  still  growing;  when  they  subsequently 
become  lignified  or  cease  to  grow,  they  maintain  the  position  once  acquired.  If 
therefore  a  growing  plant  rooting  in  the  ground  (inside  a  pot)  is  placed  horizon- 
tally, the  mature  parts  remain  in  this  position;  but  the  apes  of  the  primary  root 
turns  downwards,  and  the  growing  internodes  of  the  end  of  the  stem  turn  upwards, 
the  leaves,  branches,  and  secondary  roots  also  bend  until  they  make  about  the  same 
angle  with  the  horizon  that  they  did  before  the  change  in  their  position.     The  parts 
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which  were  actually  growing  when  the  change  was  made  are  shown  by  the  curvatures 
caused  by  the  influence  of  gravitation. 

Although  we  must  defer  till  the  fourth  chapter  the  consideration  of  the  internal 
changes  which  accompany  these  curvatures,  the  proofs  that  they  are  realiy  caused  by 
gravitation  may  be  presented  in  the  two  following  forms  i — 

(i)  Individuals  of  the  same  species  1  jh  nh  hufthe 

same  position  with  respect  to  the  horiz  d    1       f  h        p  h 

earth's  radius.     Upright  stems  therefore  h  h  f  P  g    w  uth 

America  in  totally  different  directions  frm  hdh  fh  f 

growth  were  elongated  downwards,  they  w     Id  1        n         f  h  h       d 

coincide  with  its  radii.     It  follows  theref         h       h       d  f  h  b 

determined  by  a  force  which  stands  inapflydti  1  hf  f 

the  earth's  centre  of  gravity.    But  there  is      ly  h  f 

attraction  of  the  mass  of  the  earth,     Th        m        g  1    Id    f      h  1 

oblique  branches,  leaves,  and   roots,  sin        h         f  gl     w  h     h 

primary  stem. 

(2)    Gravitation    differs    from    other    f  d  p     d      ly      f     h 

chemical  or  other  properties  of  the  bod      b  g  1      d       1)   bj  bu 

the   same    property  is    also   possessed   bj  f      1    f  If  K      h      fi 

showed,  a  growing  seedling  is  made  to  h  pdyffi  bg 

centrifugal  force  into  play,  this  force  ac        n    h     d  fF  p         Ik 

('.  e.  the  parts  which  would  otherwise  befl  dbg  (hp  y 

root)  now  follow  the  direction  of  the  centHfu^al  force  and  grow  outwards  from 
h  f  wllhmhhldh  g  pwdn 

rjhd  fg  d  dh 

f  d  pp  h        f  h  g  f  T       1 

!c    gly    11  d  wl  dl    J,       h  d       m      f     h    h  h  d  p  ly 

g  trh!  fidt  gd(p  Ifm 

p  bbUl)  Im  hh  fg  h 

g        1  d  Th    m  f  Id  d  h 

hlh  Ih  11  g  gbd  p  fh  p 

ddhi  fh         m  1{  dh  fta)I 

h  V      \  h  Iplgta  nd 


11      d  q      )  1  g  f  g  p 

fg  Cfglf  hfhlyf 

gp  dh  k  ddid 

pdly  d    1  d      d    Id  If  h  \ 
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there  is  in  fact  no  centrifugal  force  (as  by  intemiiltent  turns,  one  revolution  in  ten 
to  twenty  minutes  with  a  radius  of  from  5  to  10 cm.),  I  have  shown'  that  the  organs 
then  grow  neither  in  the  direction  of  gravitation  nor  in  that  of  the  centrifugal  force, 
but  just  in  those  directions  in  which  they  had  happened  to  be  placed  when  fixed  in 
the  vessel.  Under  such  conditions  parts  which  normally  grow  straight  often  curve 
in  a  plane  quite  independently  of  external  forces,  and  this  can  only  be  due  to 
internal  causes  of  growth  which  are  distributed  unequally  round  the  axis  of 
growth.  Thus,  for  example,  primary  roots  and  stems  of  germinating  seeds  {Faia, 
Pisum,  Fagof^rum,  Brassica)  will  not  lie  in  a  straight  line,  but  their  respective  axes 
of  growth  will  intersect  at  any  angle  up  to  a  right  angle,  the  anterior  side  of  the 
base  of  the  stem  growing  more  rapidly  than  the  posterior  side,  and  thus  causing  a 
curvature.  It  is  clear  that  the  direction  of  the  secondary  roots  which  spring  from 
the  primary  root,  as  well  as  that  of  the  leaves  on  the  stem,  is  also,  under  these 
conditions,  affected  only  by  internal  causes  of  growth.  It  is  only  in  this  way  that 
we  can  explain  the  directions  and  forms  assumed  by  parts  of  plants  when  unin- 
fluenced by  gravitation,  centrifugal  force,  or  heliotropic  curvatures,  which  could  not 
occiu'  in  these  experiments. 


CHAPTER     IV, 

THE    MECHANICS   OF    GROWTH. 


Sect.  11.  Definition.  The  growth  of  crystals  consists  in  an  increase  of  their 
volume  by  the  apposition  of  homogeneous  particles  in  definite  directions  In  phnts 
the  process  which  we  call  growth  is  much  more  complicated  vaA  the  term  is 
emplo>ed  m  different  senses  ■tccording  as  we  are  "ipeaking  of  the  growth  of -i  gram 
of  starch  or  of  1  cl  lorophyll  granule  of  part  of  a  cell  w-iU  of  a  whole  cell  or  of  a 
n  ulticellular  organ  The  common  point  in  all  these  processes  is  that  they  depend 
at  last  on  the  intercalation  of  new  micellEe  bcH  en  tho^e  already  n  existence  ul 
other  lAords  on  intussusception  as  has  already  been  esplaned  n  (he  first  section 
of  Book  III  But  even  m  structures  so  simple  as  grains  of  starch  or  parts  of 
cell  walls  we  are  met  wih  insurmountable  difficultiei  when  we  attempt  to  explain 
tl-e  mechmical  process  of  gro%vth  m  all  its  detiils  an  1  the  present  state  of  Lur 
knowledge  by  no  means  eniblfs  us  to  propound  a  connected  theory  of  the 
growth  of  the  ent  re  cell  or  of  a  multicellular  organ  We  ire  in  tact  at  present 
able  onl)  to  follov  empiriciUy  the  processes  of  growth  m  detail  their  causes 
and  results      After  th  s  we  may  attempt  to  form  definite   ideas  of  the  \ 


'  Wuriburger  Med  Ph  t  GesellsL.h-»ft  March  76  iS  2  [also  Ueb  Aus'ichliessung  der  geo 
tropischemmdheliotropaJieD  Knimmungenwahrenddes  Wacfise  1  Arb  d  bot  Inst  m  W  riburg 
II   2   1879     Sachs  calls  the  apparatus  used  for  this  purpose  a  Wmo,(ii(.] 
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P  kfgih  htflh  f 

ph  I    y       d     g     in  11m  j  h        q  1        bta     ng 

gh  h  hmg  If    hi  fhdffilpblm 

bdd  d  f  J  1  hhifh 

Iv  11  h        h  d    ph  B  h 

hhdffilhn  has        >udk  I  h         m6-        A 

d  fi       1>  m       b  d    1  Th       rm      h  1     y      tnpl  j    i    n  1 

fpl  d  Idgpm  h  f  Jmbh 

Ihbb)  1  hlh  fg  dh 

m  ddm  ddfi  1  hlghg 

h        ppl       f  food  1  &        Ch     g  h     f  1  f  p 

fl'  Imqp  If  d  hhhg 

ggp  P  h  IddhmGhTh 

f  mplh  whhnhfmlghf  d 

1       i  b>      mpl  h         p  g.         b     d    g  (     m  y  b     by    b 

h      1)      I  q  p       bl     1  h  1  urn  1 

h  nhbbgboby  Ifl  hhhp        fl 

p!  filhp  bhhb  h  gp 

1  hgfghB)g  gp  Id  dh 

rn  1    h     g        1     h  f  Ifil    h  f  11  d  _fi     1      h  d 

bylpfi  fhpfhplwhhfh  h 

Ifl  1      ff         h  d  h  dl 

h>  1  pm  l^fh  dp         Ih 

d  PI  1      fl  If  pi       h      1  f    h 

mp  bhfl(S7}h  dn  |m 

f  h     mb  Id  d      h  h    p  11 

1       P  wl        1  p  f  11   b  1        h     p         b        11 

h  qld  hhghmp  h  dh 

P  d  ly  M  p  11  h      k    d      f 

m  Ihhh  Ig  11  p  hg 

>glilpfipp  flpl  If  h  y  m 

Udlfm  f  bml  d  wh 

g         bb  bmlg         dhk  dig  g  Tl 

1  d    h    1     gh  t       b      p  f  n 

pl  Ifhm  bhlgh  dhk  fp  !         f 

dg  my  lydpdpghhg  fh 

plbgldpmljdn  gh  byh 

1  fhg  I  gh  Ifpm  Ipfi 

hgfg  h  dl  q  hlhp  fh 

bodj  h    1        1    g     1        1  d  m  h       PP 

pddh  h  dd  dpp  hp  h 

1       d  1     g  si       li       h  1    pl  If  f  h       V 

h  jhm!  fl/lftdd  q 

of  irntaiion,  and  afterwards  again  bends  upwards,  this  is,  it  is  true,  caused  by  the 
peculiar  organisation  of  the  plant;  but  the  movement  induces  no  change  in  the 
organrsaiion  itself,  and  its  effects  are  not  permanent,  the  leaf  soon  returning  to 
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and  noil  growing  parts  (tor  instance  a  bulb  suspended  and  putting  out  leaves  m  the  aii"), 
is  not  nourished  as  such  from  without.  The  growth  of  certain  parts  is  therefore  no  indi- 
cation of  nutrition  of  the  whole.  Still  less  necessary  is  the  connection  between  growth 
and  nutrition  from  without ;  the  special  organs  of  nutrition,  the  green  leaves,  do  not 
grow  after  they  are  mature,  although  they  carry  on  the  process  of  nutrition.  The  two 
processes  may  coincide  both  in  place  and  time,  i.e.  in  the  same  cell;  but  may  also  be 
separated  in  both  space  and  time ;  and  this  is  indeed  usually  the  case,  as  has  been  suffi- 
ciently shown  in  Sect.  5, 

Sect.  12.  Various  Causes  of  Growth.     Growth,  like  all  vital  processes,  takes 
place  only  when  certain  favourable  external  conditions  coexist.  These  are  the  presence 
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f  Idfd  )  g  d  ftilhgh      mperature. 

Udl  d  ddll!  m  f  mywpded  (hat 

1  ga  npm  Bdpdjfl  i  e  others, 

1  h    1         1    p  h    h        h  b    1      1  arresting 

gh  hlfl  Ighg  dp  The  first- 

nlm  II  dh  hlh  dyl  f  growth, 

Illwtllh  >1  m  hlh  dj    onditions 

I  i  hmdfgfl  yd  fferently 

on  the  corresponding  parts  of  different  plants. 

The  conditions  spoken  of  as  Necessary  and  Secondary  depend  upon  the  en- 
wronment  of  the  plant,  and  act  upon  it  from  without.  They  may  therefore  be 
described  as  Exlernal  Conditions  or  causes  of  growth,  in  contradistinction  to  the 
Internal  Conditions  dependent  on  the  organisation  of  the  plant.  The  existence  of 
the  latter  conditions  is  most  strikingly  manifested  in  the  fact  that  all  parts  of  plants 
are  able  to  grow  only  during  a  certain  time ;  when  this  time — the  period  of  youth 
and  development  —  is  past,  they  no  longer  grow,  even  when  all  the  favourable 
conditions  concur.  This  shows  that  the  internal  organisation  undergoes  changes, 
which  at  length  render  the  continuance  of  growth  impossible.  But  even  in  organs 
which  are  slill  growing  a  certain  independence  of  external  circumstances  may  be 
perceived ;  an  Oak-leaf  invariably  grows  differently  from  an  Elm-leaf,  an  Oak-fruit 
from  an  Oak-root,  The  differences  of  these  processes  of  growth  is  at  once  manifest 
in  the  difference  of  form  and  of  the  other  properties  of  the  organ ;  and  no  com- 
bination of  external  circumstances  has  the  power  of  giving  to  a  root,  bv  change  in 
g       h    h    f   m    f    1    f  O  k  1    f  h  f      Elm  1    f     Th 

1  11  fg        1      h   hd  d      i     Ik     h      g      f 

gandl  rj  Id  IhghhUkpl 

h  bdrmh  hllp  ddhpfi        dd 

g  h  11  b  1  by  Tl      1  m  1  p     d  h 


Th  d  Id  fghmhfbd  hd 

hh  Idhph         I  1         ppe  fpl  hhl  b 

b         d  h  Uy  g  U       rm    1  Th         p 

]  1  d)  ddh  lybdbymy 

kdf  If  q  f  1  F  dgmlg 

h      d      y        d  f  g        h —         h  hhb  qdh         cal    — 

from  physical  ones,  it  is  not  meant  that  the  former  do  not  also  owe  their  existence 
to  physical  causes,  but  only  that  besides  the  accidental  concurrence  of  physical 
conditions,  it  is  also  necessary  to  lake  into  account  certain  characters  which  the 
plant  has  acquired  when  in  the  embryonic  condition  (in  the  broadest  sense  of 
the  term)  in  the  form  of  definite  specialities  of  organisation  through  the  influence 
of  its  parents. 
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These  s«gg:estions  must  suffice  here.  The  extremely  difficult  question  which 
has  been  raised  may  be  illustrated  by  far-fetched  and  elaborate  explanations,  but 
cannot  be  satisfactorily  answered. 

The  external  or  physical  causes  of  growth  are  the  only  ones  that  can  be 
submitted  to  direct  experimental  investigation ;  the  internal  hereditary  causes  must 
be  considered  simply  as  something  that  exists  and  that  is  in  the  main  unalterable ; 
for  if  it  were  possible  to  change  some  of  the  mechanical  and  chemical  properties 
of  a  tissue  by  means  of  external  influences,  this  could  not  affect  the  true  kernel 
of  the  hereditary  characteristics ;  and  again  conversely,  changes  in  these  hereditary 
peculiarities,  or  variations,  are  never  brought  about  by  direct  external  influences, 
but  only  by  unknown  internal  changes.  Since  therefore  the  specific  peculiarities 
in  the  organisation  of  a  plant  are  something  in  its  nature  that  is  entirely  unknown, 
any  mvestigation  of  the  processes  of  growth  must  rest  satisfied  with  showing  the 
mode  in  which  they  are  always  associated  with  constant  internal  conditions,  and 
what  visible  changes  are  produced  in  the  processes  of  growth  by  physical  influences. 
We  cannot  therefore  be  astonished  if  in  the  action  of  known  external  causes- 
light,  gravitation,  &c,  —  on  plants,  effects  are  produced  which  appear  altogether 
strange  to  one  accustomed  to  examine  purely  physical  processes ;  but  this  aston- 
ishment disappears  when  it  is  borne  in  mind  that  the  specific  organibation  of  a 
plant  itself  represents  a  complexity  of  causes  which  we  cannot  analyse,  and  there- 
fore are  unable  to  estimate.  It  is  in  the  constant  recognition  of  this  unknown 
factor— which  causes  physiological  effects  to  turn  out  so  entirely  different  from 
purely  physical  ones— that  the  difference  between  physiology  and  physics  consists. 
The  most  striking  mode  however  in  which  the  ^gregate  of  conditions  of  growth 
manifests  itself  in  the  inherited  organisation,  is  when  the  same  external  causes  pro- 
duce entirely  opposite  effects  on  plants  belonging  to  different  species  and  even  on 
different  parls  of  the  same  plant. 

To  understand  correctly  the  phenomena  of  vegetation,  it  is  also  necessary  to 
distinguish  between  the  direct  and  indirect  action  of  external  conditions  on  growth. 
For  since  growth  is  always  dependent  primarily  on  the  presence  of  assimilated 
food-materials,  light,  temperature,  or  other  external  conditions  may  indirectly  in- 
fluence growth  by  affecting  the  formation  and  transport  of  the  food -materials. 
But  it  is  also  possible  and  even  probable  that  the  mechanical  process  of  intus- 
susception itself  on  which  growth  is  directly  dependent  may  be  modified  by  those 
and  other  causes  the  influence  of  which  on  growth  is  therefore  in  that  case  a  direct 
one.  The  growth  of  one  part  may  also  be  indirectly  promoted  or  retarded  by  the 
growth  or  the  removal  of  another  part. 

The  unknown  factor  which  exists  in  the  inherited  properties  of  organisms  is  by 
no  means  without  analogy  in  inorganic  nature.  Chemists  and  physicists  have  also  to 
assume  peculiar  properties  of  elementary  substances.  The  aggregate  of  properties  by 
which  a  particle  of  iron  is  absolutely  distinguished  from  a  particle  of  oxygen  is  as 
unknown  and  much  more  invariable  than  the  aggregate  of  physiological  causes  which 
distinguish  the  inherited  properties  of  an  Oak  from  those  of  a  Pine. 

So  far  as  the  definition  given  above  of  historical  properties  concerns  the  inherited 
specific  peculiarities  of  plants,  the  expression  is  not  a  metaphor  from  the  point  of 
view  of  the  Theory  of  Descent,  but  must  be  taken  in  its  literal  signification.  The 
specific   properties   which   determine   qualitatively   the    growth    of   each    organ    have 
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sprung  up  successively  m    h  se     f  f  g  Th 

chief  evidence  m  faiour     fh  ilbg  til         hp  Ih  L 

It  need  only  be  mentioned  h        h       h       yfhg  fpeflpp 

indicates  the  only  pos^ib  lyfrrg  drsdg  h  d 

with  the  laws  of  causabty      Athpset  h  pobl  1)  hmst 

general  outline. 

The  use  here  made  of  th    t    m      h  1        d    phy       I         y    1      b      U      rat  d 

from  another  subject  m    h    f  U        g  Th  f    h     g    I  g     i  t    m 

ations    of   which    the    era         f    h         rth  b  d  r=    od        ly   fr  m 
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Red    Sandstone.      The   f  fhes  k  dped  hmld 

physical    processes,   which   m        h  h         b         pddbjh       phy      I 
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historical  point  of  view,  al  h    gh  t        h      h      h  1      d  phj       1  p    pert 
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A  second  general  property  of  the  organised  parts  of  plants  is  that  they  change 
/heir  form  when  the  external  conditions  remain  perfectly  unaltered,  internal  changes 
being  the  only  efficient  cause.  Almost  every  process  of  growth  is  associated  with 
change  of  form.  These  facts  may  be  more  briefly  described  by  ascribing  to 
organised  structures  endowed  with  the  power  of  growth  internal  forces  or  plastic  ■ 
tendencies,  if  it  is  clearly  understood  that  the  term  is  only  used  to  express  a  still 
unresolved  aggregate  of  causes.  As  a  result  of  these  internal  forces,  organised 
structures  have  the  power  of  overcoming  resistance.  Thus,  for  example,  plasmodia 
which  are  constantly  altering  their  form  are  able,  notwithstanding  their  gelatinous 
and  very  soft  nature,  to  overcome  their  own  weight,  and  to  creep  up  solid  bodies. 
In  the  same  manner  the  growth  of  the  wood  takes  place  with  such  force  as  to  over- 
come the  very  considerable  pressure  of  the  surrounding  bark. 

But  although  the  internal  causes  of  these  plastic  tendencies  are  able  to  over- 
come certain  obstacles,  it  is  on  the  other  hand  certain  that  growth  is  also  influenced 
by  external  forces,  such  as  pressure,  traction,  stretching,  bending,  &c.,  which  are 
able  to  alter  the  form  of  solid  bodies.  The  observations  which  have  been  made  on 
this  subject  will  be  collected  in  the  following  sections ;  but  it  is  in  the  first  place 
necessary  to  define  certain  terms  which  will  frequently  be  employed. 

Like  unorganised  solid  bodies,  those  which  are  organised  oppose  a  greater 
or  less  resistance  to  the  external  forces  which  tend  to  alter  their  form;  and  are 
hence  divided  into  haid  and  soft  bodies.  A  hard  body  is  one  which  offers  con- 
siderable resistance,  like  many  lignified  or  silicified  cell-walls ;  a  sa/i  body  is  one 
which  offers  very  little  resistance,  like  protoplasm,  chlorophySl-granules,  or  swollen 
cell-walls  which  have  ceased  growing,  as  gum-tragacanth.  Structures  which  become 
disintegrated  under  pressure  and  traction  rather  than  undergo  any  considerable 
change  of  form  are  iriUk,  like  grains  of  starch  or  crystalloids  of  aleurone.  If,  on 
the  contrary,  they  are  capable  of  undergoing  considerable  changes  of  form,  whether 
this  take  place  by  pressure  or  traction,  they  are  eximsibk.  It  is  clear  X\vaX.  flexihilUy 
depends  to  a  certain  extent  on  extensibility,  since  the  side  of  the  bent  part  which 
becomes  concave  is  compressed,  the  convex  side  stretched.  All  these  properties  are 
relative,  and  the  same  body  may  exhibit  different  phenomena  according  to  the 
nature  of  the  external  forces  which  act  upon  it.  Thus,  for  example,  under  a 
.  sudden  blow  the  apex  of  a  root  behaves  like  a  brittle  body,  and  breaks  easily,  while 
it  is  flexible  if  slowly  bent. 

If  the  form  of  an  extensible  body  has  been  changed  by  pressure,  traction,  or 
bending,  and  if,  when  then  left  to  itself,  it  retains  the  form  to  which  it  has  been 
forced,  it  is  called  inelastic;  if,  on  the  other  hand,  it  resumes  its  original  form,  it 
is  elastic.  If  the  changes  of  form  produced  by  external  causes  are  small,  they  are 
usually  completely  reversed  when  the  body  is  left  to  itself,  and  within  these  limits 
the  body  is  perfectly  elastic;  but  if  the  change  of  form  exceeds  certain  limits 
dependent  on  the  nature  of  the  body  and  the  length  of  time  during  which  the  force 
has  been  acting,  it  does  not  again  assume  exactly  its  previous  form.  The  greatest 
amount  of  change  which  yet  permits  a  complete  restoration  of  the  original  form 
determines  the  Limit  of  Elasticity  of  the  body  ;  when  this  is  exceeded,  the  stretched 
substance  partially  retains  the  form  which  it  has  been  made  to  assume,  and  the  less 
complete  the  return  to  its  primitive  shape  the  more  imperfect  is  its  elasticity.     It 
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would  appear  as  f  all  bod  es  were  imperfectl)  elastic  to  any  lonj  cont  niied  iCretch 
mg  or  alteration  of  form  and  as  if  there  mere  no  1  mit  of  elasiiLit)  in  the  cabc 
of  verj  long  continued  but  weak  externa!  influence  In  all  these  \  o  nis  organisel 
bodies  eipeciallj  the  growing  parts  of  plants  exhibit  the  sime  phenon  ena  as  unor 
ganised  bodes  It  must  however  be  remembered  that  the  terms  explained  above 
have  reference  onlj  to  effects  \isible  externally  the  internal  changes  which  br  ng 
about  the  same  external  effect  ma)  be  verj  d  fferent  in  different  bo  lies  Rig  dity 
I  e  res  stance  to  bending  depends  for  examjli,  evidently  on  \erj  different  internal 
conditions  in  the  case  of  a  woodv  cdinder  and  of  a  succulent  stem  or  root  consist 
ing  mainlv  of  parenchjma  Tb  s  is  it  once  experimentally  proved  by  the  woody 
cjlinder  becoming  less  flexible  and  even  bnttle  from  lo'iS  of  water  while  the 
flexibihtj  of  succulent  parench)  ma  is  thereby  increased  This  s  read  ly  understood 
on  recollecting  that  the  flexibility  of  the  woodj  cylinler  depends  on  that  of  the  walls 
of  the  wood  cells  which  are  not  closed  cavities  and  therefore  cannot  become  turgid 
while  the  flexibilitj  of  parenchymatous  tissue  depends  on  the  chanije  of  form  of  the 
closed  turgescent  cells  the  extensibility  and  elasticity  of  the  cell  walls  taking  only 
ft  subordinate  part  Changes  of  form  take  place  however  mire  eisih  the  less  the 
turgidity  of  the  cells  a  parenchj matous  tis  ue  maj  be  compared  to  an  aggie 
gatnn  of  bladders  each  of  which  s  full  of  water  if  thev  are  all  turgid  with  water 
each  bladder  is  tense  and  ngd  as  also  is  the  whole  if  on  the  contrary  they 
contain  onlj  enough  water  to  hll  without  d  stend  ng  them  each  separate  bladder  a 
flaccid  as  also  is  the  whole  which  can  therefore  be  bent  in  anj  direction  A  mass 
of  parenchjma  mai  therefore  be  st  ff  and  rif,id  even  if  its  cell  wills  are  ihin  and 
verj  flexible  if  only  they  are  firm  enough  not  to  ^ive  wa>  from  the  ^res  ure  of  the 
water  which  stretches  them  or  to  allow  it  to  filter  through  The  flexibi!  tj  and  elas 
ticity  of  the  mo  'it  cell  will  cannot  however  be  compared  directlj  with  these  pro 
perties  in  a  perfectly  dry  cell  wall  or  a  strip  of  metal  as  Nigtli  ani  Schwendener 
{/  c  p  399)  have  alreadj  shown  If  we  consider  first  of  all  they  saj  a  frag 
ment  of  moist  cell  wall  say  a  lamella  of  the  thallus  cf  Cauierfi  a  bast  fibre 
thickened  so  thit  the  cell  cavity  has  disappeared  a  spiral  vessel  and  so  forth  it  is 
proved  b)  their  behaviour  to  polarise  1  light  that  stretchings  bendings  and  other 
Sim  lar  forces  do  not  percept  blj  change  the  arrangement  of  the  atoms  in  the  crys 
talline  micellse  but  thai  onlj  the  d  stance  of  the  micellae  themselves  from  one 
another  is  mcreased  or  diminished  On  the  other  hand  it  s  known  that  water 
IS  retained  m  the  moist  cell  walls  with  great  force  and  microscopic  exammaton 
has  shown  that  it  cannot  be  forced  out  by  bend  ng  or  ly  compression  of  the  part 
No  other  hypothesis  is  therefore  possible  except  that  the  amount  of  water  in  a  tense 
cell  wall  is  the  same  is  in  one  in  a  neutral  condition  The  particles  of  water  are 
therefore  merelj  displaced  bv  e\teri  al  forces  but  are  not  forced  out  they  move 
for  example  with  the  bending  of  the  pirt  from  the  loncave  lo  the  convex  side  but 
afterwards  fill  up  as  completely  as  before  the  micellar  interstices  of  the  substance 
and  s  nee  the  sum  of  the  r  tensions  is  but  slightly  altered  also  occupy  nearly  the 
same  sjace  If  the  same  reasoning  is  appl  ed  to  tissues  without  intercellular  spaces 
ani  filled  with  sap  it  is  perfectly  obvious  that  the  cell  walls  are  not  susceptible 
of  change  of  voiume  any  more  than  in  the  prev  ous  case  I  he  same  is  the  case 
also  with  the  fluid  contained  in  the  cells      The    onlj   queslnn    mw   remaning  is 
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whether  the  changes  of  tension  which  are  caused  by  external  forces  modify  the 
permeability  of  the  cell-walls  at  least  in  places.  If  this  were  the  case,  then  when 
a  tissue  is  compressed-— since  the  hydrostatic  pressure  (turgidity)  is  in  no  case 
decreased  by  it,  but  the  resistance  of  the  cell-wall  weakened ' — a  part  of  the  cell- 
fluid  must  obviously  be  forced  out,  until  the  hydrostatic  pressure  has  again  reached 
an  equilibrium  with  the  diminished  resistance  of  the  cell-walls.  In  the  same 
manner  the  effect  of  traction  on  a  tissue  must  be  to  cause  an  influx  of  water, 
into  it,  or,  if  this  is  prevented,  the  formation  of  an  empty  space".  If,  on  the 
Other  hand,  the  changes  of  tension  which  occur  in  plants  have  no  perceptible 
influence  on  permeability,  the  tissues  simply  possess  the  properties  of  moist  cell- 
walls  ;  in  any  condition  of  tension '  they  always  occupy  the  same  space  '.' 

In  order  to  understand  many  of  the  phenomena  now  to  be  described,  it  is 
necessary  to  have  a  clear  conception  of  the  changes  which  a  cell  filled  with  sap 
undergoes  m  reference  to  ils  turgidity  when  it  is  compressed  or  stretched  or 
simply  bent  by  external  forces.  By  Turgidity  we  understand  the  hydrostatic  pres- 
sure which  the  water  absorbed  by  endosmose  exercises  equally  on  all  sides  on  the- 
cell-wall,  and  which  reacts  on  the  contents  in  consequence  of  the  elasticity  of  the 
cell-wall;  so  that  in  a  turgid  cell,  while  the  cell-wall  is  stretched,  the  contents 
are  compressed.  A  clear  conception  of  this  state  of  mutual  tension  of  the  cell- 
wall  and  cell-contents  may  be  obtained  by  closing  a  short  wide  glass  tube  at  one 
end  with  a  firm  fresh  bladder  free  from  holes,  pouring  in  a  concentrated  solution  of 
sugar  or  gum,  and  finally  closing  also  the  other  end  with  a  thick  bladder.  This 
artificial  cell,  placed  in  water,  absorbs  it  by  endosmose  with  great  force ;  the  pieces 
of  bladder  which  were  previously  stiff  and  tense  arch  into  a  hemispherical  form 
and  offer  great  resistance  to  pressiwe.  If  a  hole  is  punctured  by  a  fine  needle  in 
the  bladder,  a  jet  of  fluid  several  feet  in  height  springs  from  it.  The  force  which 
drives  out  the  fluid  with  such  violence  is  the  elasticity  of  the  stretched  bladder; 
but  the  cause  which  brings  this  elasticity  into  play  is  the  endosmotic  attraction  for 
water  of  the  fluid  contained  in  the  cell. 

If  we  suppose  in  the  case  of  a  vegetable  cell  enclosed  on  all  sides  a  degree  of 
turgidity  sufficient  to  stretch  the  cell-wall  perceptibly,  but  leaving  it  still  capable 
of  further  tension  without  bursting,  and  if  this  cell-wall  is  supposed  to  be  extensible 
and  elastic — as  is  especially  the  nature  of  growing  and  non-llgnified  cell-walls — the 
question  presents  itself: — What  changes  does  the  turgidity  of  the  cell  undergo  when 
it  is  stretched  or  compressed  by  external  forces  or  otherwise  altered  in  form  f  This 
question  can  be  sufficiently  answered  for  ou  purpose  by  the  simple  contrivance 
represented  in  Fig.  478.  .  .£"  is  a  wide  and  h  ck  da  rubber  tube  to  which  the  glass 
tube  S,  closed  &.\.g,  acts  as  a  stopper.  After  fill  ng  A  w  h  water,  the  glass-tube  R, 
open  below  at  o,  is  fixed  in  and  firmly  fes  e  ed    the  level  of  the  water  standing 


'  These  words  ire  not  clearly  intelligible.  Tu%'<li'y  "f  Its  tension  of  the  cell-wall  is  always 
increased,  as  we  shall  see  directly,  by  pressure  from  without  on  a  liu-gid  cell;  its  resistance  to 
filtration  may  in  this  manner  be  at  length  entirely  overcome. 

"  Of  course  only  when  the  cell-wall  does  not  become  folded. 

'  By  tension  is  here  clearly  meant  bending,  stretching,  or  pressare  from  external  forces. 

'  The  discussion  given  on  p.  354  of  the  work  quoted  with  respect  to  the  alteration  of  thS 
micellar  structure  of  cell-walls  by  violent  mechanical  and  chemical  forces  is  of  no  importance  for  our 
present  purpose. 
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somewhere  about  n  in  the  thin  drawn-out  upper  end  of  the  tube.  In  order  lo  give 
to  the  india-rubber  tube,  which  here  represents  the  cell-wall,  a  sufficient  tension  Trom 
the  outset,  it  is  convenient  to  make  the  thin  end  of  the  tube  Ji  from  20  to  30  cm. 
long,  and  to  raise  the  level  «  in  proportion.  The  wide  part  of  i?  is  fixed  in  a 
holder,  so  that  the  cell  hangs  down.  A  condition  of  equilibrium  is  thus  established 
between  the  elasticity  of  the  india-rubber  lube  and  the  hydrostatic  pressure  which 
can  be  compared  with  the  turgidity  of  the  vegetable  cell;  and  in  this  condition  the 
water-level  stands  at  ».  If  the  tube  S  is  now  pulled  downwards,  the  elastic  tube 
is  lengthened  and  at  the  same  time  made  narrower,  but  the  amount  of  space  enclosed 
by  it  is  increased,  as  may  be  seen  by  the  falling  of  the 
water-level  n  in  the  narrow  gl^s  tube.  If  on  the  other 
hand  the  glass  tube  5'  is  pushed  up  and  the  india-rubber 
tube  thus  compressed  without  any  bending  or  creasing 
taking  place  in  J^,  the  space  enclosed  by  the  tube  £"  is 
diminishedj  as  is  shown  by  the  rising  of  the  water-level  «. 
The  same  thing  takes  place  when  the  tube  /C  is  bent  in 
any  way,  or  when  it  is  compressed  on  any  side'. 

It  is  evident  that  if  the  upper  glass  tube  JH  were  closed 
at  «  so  as  to  prevent  a  rise  or  fall  of  the  water-level,  any 
change  which  previously  caused  a  rise  of  the  level  would 
now  occasion  an  increase  of  the  hydrostatic  pressure,  and 
t't'ce  versd.  It  may  therefore  be  stated  that  in  a  closed 
and  turgid  cell  any  pressure  acting  from  without  or  any 
curvature  increases  the  turgidity,  while  any  stretching  of 
the  cell  diminishes  it.  If  we  imagine  a  straight  succulent 
stem  or  a  growing  root  to  be  bent,  the  cells  on  the  con- 
vex side  will  be  stretched,  those  on  the  concave  side  com- 
pressed, and  the  turgidity  will  be  diminished  in  proportion 
in  the  former  and  increased  in  the  latter.  This  result  is 
very  clearly  confirmed  if  a  very  succulent  rapidly  growing 
internode  of  the  Grape- Vine  is  slowly  but  firmly  bent  till 
it  describes  about  a  semicircle.  It  will  be  observed  that 
during  the  bending  a  number  of  small  drops  of  water 
escape  in  rows  from  the  epidermis  on  the  concave  com- 
It  "-  nd'fTe    nt  \  hether  they 
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But  if  these  internal  changes  are  for  the  time  left  out  of  account,  the  purely  external 
effect  of  the  forces  already  mentioned  is  deserving  of  greater  attention  than  it  has 
hitherto  received'.  It  would  be  of  essential  service,  for  instance,  to  ascertain  at 
what  point  a  growing  internode,  root,  leaf,  &c.  possesses  the  greatest  extensibility, 
flexibility,  and  elasticity,  and  whether  this  point  coincides  or  not  with  that  of  the 
most  vigorous  growth,  and  how  perfect  is  the  elasticity  of  the  part ;  and  so  forth. 
We  shall  see  that  even  somewhat  crude  observations  in  this  direction  afford  results 
which  enable  us  to  remove  old  errors  and  avoid  new  ones. 

Compared  with  the  extensibility  of  mature  internodes  and  parts  of  internodes, 
that  of  rapidly  growing  parts  is  very  considerable,  but  their  elasticity,  on  the  con- 
trary, is  very  imperfect.  But  the  greater  the  development  of  the  wood  of  a  growing 
part,  the  greater  is  its  elasticity  and  the  less  its  extensibility.  In  young  non-lignified 
roots,  on  the  contrary,  the  resistance  to  bending  is  greater  in  the  youngest  than  in 
the  older  parts,  especially  those  whose  growth  in  length  has  long  been  completed. 
The  extremities  of  roots,  very  young  leaves,  and  the  ends  of  stems  still  enclosed 
in  the  bud,  are  generally  brittle  under  a  blow  or  pressure,  but  pliable  and  plastic  to 
long-continued  action  of  this  kind,  a  condition  that  gives  place  during  growth  to 
an  increasing  resistance  to  sudden  blows,  which  is  in  the  first  place  due  to  in- 
crease of  extensibility,  afterwards  to  increase  of  elasticity. 

In  rapidly  growing  stems,  leaves,  and  roots,  the  limit  of  elasticity  is  easily  over- 
stepped even  by  momentary  fiesion ;  and  they  always  retain  afterwards  a  slight 
though  distinct  curvature.  It  is  often  even  possible,  especially  with  roots  and  slender 
internodes,  to  give  them  any  desired  form  by  repeated  bending  with  the  fingers  in 
different  directions,  like  a  thread  of  was  or  a  red-hot  iron  wire,  without  the  power 
of  growth  being  at  all  injured  by  the  process.  This  effect  is  attained  with  greater 
certainty  by  exerting  on  the  growing  structure  a  flexion  which  is  prolonged  although 
small  in  amount.  Thus  the  pedicels  of  many  flowers  are  bent  downwards  by  their 
weight,  and  retain  this  curvature  even  when  the  weight  is  removed,  until  a  new  con- 
dition of  growth  imparts  greater  elasticity  and  firmness  to  the  tissues :  under  the 
influence  of  gravitation  they  then  grow  more  rapidly  on  the  lower  side,  become 
upright,  and  raise  up  the  still  greater  weight  of  the  fruit ;  as  is  strikingly  seen 
in  Fritillaria  imperialis.  Anemone  praknsis,  and  many  other  plants  with  pendent 
flowers  and  erect  fruits.  In  other  cases  again  the  curvature,  which  was  at  first 
due  merely  to  external  causes,  becomes  permanent  and  fixed  in  the  tissue  itself 
by  the  p      esies  of  g  o    th  as  in  the  fruit-stalks  of  Solanum  Dulcamara. 

O        f  h    m  k       pi  a  of  this  class  is  that  a  lateral  blow  below  a 

growin      n         d  a  curvature  in  the  direction  assumed  by  the 

internod  h    m  m         f  mp  The  same  thing  occurs  when  the  upper  part  of 

a  shoo  k       n   h    h     d      d       u       ure  imparted  to  it  similar  to  that  caused  by 

the  bio         Th       pp      p  q  consequence  a  pendent  position,  which  may 

howeve    b  1     d  by      b    q  ent  growth. 

Th        h      b  >  r  detailed  investigation  of  the  elasticity  of 

growing    h  d  1  d  the  enquiry  is,  as  I  have  convinced  myself, 

attended  with  considerable  difficulty.     Observations  sufficient  to  enable  us  to  study 


'  See  A.  P.  De  Candollc,  Physio'.ogie  Vegetaie,  vol.  I.  p.  1. 
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some  of  the  phenomena  of  vegetation  to  be  described  in 
be  made  with  the  simplest  methods  and  apparatus. 


this  chapter  can  however 


(a)  Extfiiiibility  of  gro<Ming  Internodes.  The  upper  and  lower  end  of  an  internode 
of  a  freshly  cut  fragment  of  a  stem  were  marked  with  Indian  ink.  The  shoot  was 
held  above  and  below  the  marks,  laid  on  a  micrometer  graduated  to  millimetres,  and 
stretched  as  strongly  as  possible  without  breaking'.  The  result  is  shown  in  the 
a.nnexed  table; — 


1.  Gmklfuga 

2.  Samiaciij  nigra 

TTie  next  older  intemode 
A  still  older  intemode 
J.  Ariilolochia  Sipho 

The  next  older  internode 

4.  Arhtolochia  Sipbo 

The  next  older  intemode 

5.  Ariitehchia  Sipbo 

The  next  older  Intemode 


Imperfect  as  was  the  method  of  observation,  these  figures  nevertheless  show  (i)  that 
growing  internodes  are  highly  extensible,  (2)  that  extensibility  decreases  with  age, 
(3)  that  elasticity  increases  with  age 

(h)  ElaiUnty  to  Jltxion  of  grifv.ing  Internodes  Internodes  of  tre'ih  turgescent  shoots 
were  cut  off,  and  bent  on  a  card  on  which  concentric  circles  were  drawn,  the  axis 
of  the  intemode  was  made  to  coincide  as  nearly  as  possible  with  one  of  the  circles ; 
the  radius  ot  this  circle  is  recorded  in  the  following  table  as  the  radiut  of  curvature. 
The  intemode  was  then  lett  to  itself,  and  its  permanent  cunature  determined  in  the 
same  manner  The  branch  was  then  bent  on  the  other  aide,  and  so  on,  as  shown 
by  the  table  The  internode  was  hnally  laid  with  its  concave  side  on  the  measuring 
rod  and  pressed  straight  on  to  it 


Faleriana  oj^ctnahs ;  stalk  of 
young  inflorescence. 
Before  bending    . 
I.  Bent     . 


a.. Bent  i 
J.  Bent  a 
4.  Bent  a 


opposite  direct, 
in  (I)       . 
in  (2)        . 

Cirnlcifuga  race/nosa.     Before 
bending 

1.  Bent     . 

2.  Bent  in  opposite  direct. 
Straightened 

Heracleum    sibirkunr ;    stalk    O 

umbel.    Before  bending 
I.  Bent    . 

3.  Bent  in  opposite  direct 


165-5 


'  This  somewhat  primitive  method  of  stretching,  which  of  course  does  not  furnish  an  exact, 
measure  of  the  extensibility  of  different  internodes,  was  employed  because  stretching  by  means  of 
weights  necessilHles  faslening  the  shool,  which  is  altended  with  great  ii 
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785, 


J.  Bent  as  In 

<0        ■ 

4.  Bent  as  in 

(=)        . 

Straightened 

lih  vinifera ;  young  intemode 

Before  bending 

I.  Bent    . 

3.  Bent  in  opposite  direct 

J.  Bent  as  in 

(')       ■ 

4.  Bent  as  in 

(')       ■ 

Straightened 

~lh  ■vini/era ;  older  internode. 

Before  bending 

I.  Bent    . 

3,  Beat  in  opposite  direct. 

3.  Beat  as  ir 

(i)      .         . 

4.  Bent  as  ii 

(^)      ■         ■ 

Straightened 

These  examples,  selected  from  a  long  series  of  observations,  show: — (i)  that 
growing  intemodes  are  very  flexible,  (2)  that  after  bending  they  do  not  altogether 
recover  their  straightness,  or  that  the  elasticity  of  curvature  is  imperfect;  (j)  that 
repeated  bendings  constantly  in  oppoate  directions  leave  progressively  smaller  curva- 
tures' ;  (4)  that  one  vigorous  bending,  and  to  a  still  greater  extent  ispeated  ones 
in  opposite  directions,  leave  the  internode  flaccid,  or  deprive  it  of  itsrigidify  (of 
which  no  special  account  is  taken  in  the  table) ;  and  (5)  in  the  case  of  the  three  first 
examples,  that  an  intemode  bent  first  in  one  and  then  in  another  direction  lengthens 
slightly,  while  in  the  ease  of  the  two  last  there  was  no  lengthening,  but  in  one  even 
a  perceptible  contraction. 

(1^)  Chaage  qf  length  if  the  eoaca-ve  and  con-vex  sidei  of  a  bent  intemode.  Here 
again,  as  in  paragraph  J,  the  bending  was  done  by  the  hinds,  and  measured  by  the 
radius  of  curvature  on  a  card  on  which  concentric  circles  were  drawn.  The  original 
length,  as  well  as  those  of  the  sides  which  remain  contave  and  convex  after  the  object 
is  left  to  itself,  were  measured  by  means  of  a  carefully  applied  strip  of  card  divided 
into  millimetres.  In  order  to  get  a  great  difference  between  the  concave  and  convex 
sides,  very  thick  intemodes  were  selected,  and  their  thickness  measured  in  the 
middle. 


Silphlum  peifoliatutn 
ij-2mm.  thick. 

Before  bending 

Bent        ... 

Bent  in  opposite  direct.  , 

Straightened    . 
Ligtilarla  tnocrophjlla 
7-5  mm.  thick. 

Before  bending 

Bent        .        ,        .        , 

Bent  again 

Bent  in  opposite  direct. 


'  The 


i  less  the  greater  the  radius  of  ci 
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These  observations  show,  as  was  to  be  expected,  that  the  permanent  curvature 
of  an  internode  is  connected  with  a  permanent  contraction  of  the  concave  and 
lengthening  of  the  convex  side. 

{d)  As  to  the  Distribution  ef  Extfrnibilily  in  growing  shoots,  the  observations  of 
de  Vries'  lead  to  this  result,  that  in  growing  strongly  turgescent  shoots  a  maximum 
of  extensibility  and  of  flexibility  exists  immediately  below  the  terminal  bud.  From 
this  point  they  diminish  as  the  distance  from  it  increases,  and  therefore  also  with 
the  age  of  the  parts.  This  statement  holds  good  independently  of  the  age  of  the 
growing  shoots. 

(f)  Sudden  curvature  of  grovilng  shoots  from  a  blow  or  concussion.  If  upright  growing 
shoots'  are  suddenly  and  violently  struck  below  at  a  point  where  growth  has  ceased, 
the  curvature  thus  caused  advances  upwards  in  the  form  of  a  wave,  so  that  immediately 
after  the  blow  has  been  given  to  the  lower  part  the  apes  of  the  shoot  is  strongly  bent, 
th  ty     f  th         n  t        l>    g         th       d     f    m  wh    h  th     bl  a;,  d 

Th     last    ty    f  th    b    t  p  Ft  th      p      t     p     g  b    k   mmed   t  ly    b  t  wh 

h  th     last    t>  y      p    f    t  th     hoot     t  p    t    f  t       n  t  re 

A  thhth  mtestft  lit  tybbrvdtht 

b  1        th       pe     wh  re  th      h     t  t  fl      bl     t  d       y  pass  t 

pern        t  t  tblihdtbpbdg  dl>  thtd 

f  hhthbl  aa  dimycashph  pddby 

glblwfm       stk  g         Fgpy     m    Lyb-u  A  Sm        fl  tlk 

iDg     I      Cm   f  g     A  m   &.  gd    t  h    h         I        8      bl         d 

m  last        t  th         rr    p     d    g  p  rt    th     b     d    g  f  th      p       d  t  t  L 

pla      1 11    It      th  f  I     m  t        ty  t    fifty  bl         ha      b         g  t     th 

1  w         odd)  ptthmtfrvt  I  es        diff        t  plant.      It    h     t 

retfflwd  tht       wdyp  hhh  asdtgw  b 

tk  thhd        dth      htmdt  II  t        pdl>bk       d         dfrwd 

tassim         h       tmt         tdttcut        blwthp  th        g 

f  gr    t    t   fl      b  1  ty      Th     pi  i        rv  t  d  th   th  t         wh    h   th 

sc  11  t  tak     pi  d  th      p  bit         th         d       b  t   tl      p    m         t 

n  t  11     1     ys  b  th        d  h   h    th       sc  II  t 

t      g  St       If   fi    11)  t    g    h    t  h  ml)    h  Id  th     h    d 

p     t  d  1  t      I  bl  t    t  m  t    th  t    s,     b         tl      m    t  fl      bl     p  rt        p 

t  t  p     1      d       th        g        b  t   t  th       ah  t     th       d 

f  h    h  th    bl  m 

I      11  th  whhih        dstbdthpost         fthpem        t  C 

th        m     as  th  t     t   th      t       g    t  t  f       q        d        1)         ra     t      ly 

by  th      h     t       rh       pp  p  1)   th  f  th      h     t  w         t  k 

th    h    d      d  th       t      e'y  b    t  as    t    t  p    t  dly  b    t  b    k       ds 

d  f  r\     d     b  t  gly  d      t  M  wh   h  p    d 

t       g    fl  f    th        hoot  p  tur         f     h     ts      re 

los  d        f,I        t  b  d        It    mp  Ise        p    tedly    mp  rtdt     thmb     j     kg 

thtbpd  ggtlmf  dtd  hg  bll 

th      h     t  m      d  t    m  th       be 

If  th    p    t    t       h    t    us    ptbl      f  t  m    k  d      th      k         q    dist    t 


h 

t    u. 

pt  bl      f           t 

k  d 

h 

d 

t 

t        sell  t      b)    bl 

f    d  t    1 

b  1 
b 

th     p 
m     1     fe 

'  Ueber  die  Dehnbarkeit  wachsender  Sprosse,  Arb.  dea  Bot,  Inst,  in  Wuraburg,  Bd.  I,  18J4. 

'  The  pheoomenOQ  here  described  was  first  observed  and  studied  by  Hofineister  (Jahrb.  fur 
wisaensch.  Bot.  vol,  II,  i860) ;  and  a  few  important  correelions  of  his  description  were  given  by 
Prillieux(Ann.desSci.Nal.  s^r.  s.vol.  IX).  The  statements  here  made,  which  confiim  the  previous 
observations  in  all  essential  points,  while  differing  from  them  in  a  few  others,  are  entirely  based  on 
my  own  observations. 
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shorter,  preciselj'  in  accordance  with  the  phenomena  described  in  paragraphs  A  and  c'. 
For  the  measurements  in  the  following  table  as  thick  shoots  as  possible  were  used, 
since  they  give  considerable  differences  in  length  between  the  convex  and  concave 
sides  even  when  the  curvature  is  slight.  The  measurements  were  made  with  strips 
of  card  graduated  in  millimetres,  and  which   I   applied  closely   to, the   concave  and 


Silphium perfoliatum  .  15a  mm.  iB  cm.  3-4  p.c.  o-o  p.c. 

do.           do.  .  .  no  —  1'7  '6 

Macleya  cordata .  .        87-5  7  2'j  I"? 

do.           do.  .  .  104  2+  '5  i'5 

Pefygcnutn  Fagopyrum         6}  8  3"r  i'6 

Helianthui  tuherosm  ,        98  —  ('o  Vi 

Valeriana  cxaliata  .  150  %3  '8  -7 

Vitii  -vinifera       .         .     149  6-10  I'J  a'o 

The  permanent  curvature  which  remains  after  violent  oscillations  of  a  shoot,  or 
the  Curvature  if  Concussion,  is  the  result  of  a  lengthening  of  the  convex  and  a 
simultaneous  shortening  of  the  concave  side.  A  proof  is  thus  afforded  that  the 
whole  phenomenon  is  dependent  on  the  very  imperfect  elasticity  and  the  great 
flexibility  of  the  region  that  is  capable  of  flexion'.  A  shoot  bent  in  this  way  shows 
the  same  changes  as  one  that  is  simply  bent  between  the  hands.  This  result 
would  not  be  at  all  altered  were  it  found,  in  harmony  with  what  was  said  in  para- 
graph A,  that  the  concave  side  was  also  sometimes  slightly  lengthened,  since  it  is 
stretched  by  the  recoil  of  the  oscillations;  and  this  elongation  is  not  always  entirely 
neutralised.  Prillieus  has  compared  this  curvature  to  that  of  a  lead-wire  fixed  to 
an  elastic  support,  when  the  support  was  struct ;  he  was  unable  however  to  see 
the  reason  why  the  older  and  younger  parts  of  the  shoot  did  not  exhibit  the  phe- 
nomenon. In  the  older  parts  this  depends  on  their  more  perfect  elasticity,  in  the 
younger  on  their  smaller  flexibility,  and  on  the  circumstance  that  they  are  not 
strongly  bent,  but  are  only  thrown  backwards  and  forwards  by  the  oscillations  of 
the  lower  and  more  flexible  parts. 

The  subsequent  neutralisation  of  the  curvature  by  growth  must  depend  first  of  ' 
all  on  the  increase  of  turgidity  in  the  concave  and  its  diminution  in  the  convex 
side,  and  on  the  growth  being  consequently  promoted  in  the  former.  This  may 
be  assisted  also  by  the  secondary  effect  of  elasticity,  in  consequence  of  which  the 
stretched  epidermis  of  the  convex  side  shortens,  while  the  compressed  tissues  of 
the  concave  side  expand. 

Sect,  14. — Causes  of  the  condition  of  Tension  in  Flant^.  The  elasticity 
of  the  organised  parts  of  plants  resulls  in  tension  chiefly  from  the  operation  of  three 
causes;  vis.  (i)  the  turgidity,  in  otlier  words  the  hydrostatic  pressure  of  the  contents 
of  the  cell  on  the  cell-wall ;  (2)  the  swelling  and  contraction  of  the  cell-walls  when 


'  According  to  Hoftneister  all  the  sides  of  the  shoot  become  longer.  He  calculated  the  length 
of  the  curve  which  he  took  for  an  arc  of  a  circle  ;  and  Prillieux  measured  only  the  concave  aide,  which 
he  found  to  be  always  shorter;  the  contraction  of  the  whole  shoot,  i.  «.  of  its  neutral  axis,  cannot 
however  be  bfeired  from  that  of  the  concave  side.  The  thickening  which,  according  to  Hofmeisler, 
should  take  place,  if  the  shoot  becomes  longer  on  all  aides,  I  consider  cannot  be  demonsltaled,  in 
consequence  of  the  extremely  small  change  in  diameter  which  takes  place  in  such  cases. 

'  Compare  the  different  description  given  by  Hofmeister  in  his  paper  On  the  Bending  of  the 
Succulent  Parts  of  Plants,  in  the  Berichte  der  kon.  sachs.  Ges.  der  Wiss.,  1S59. 
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they  imbibe  or  lose  waler;  and  (3)  tlie  changes  in  volume  and  form  caused  by,  [he 
growth  of  the  cells. . 

I,  Turgidiiy.  The  force  by  which  water  is  drawn  by  endosmotic  attraction' 
to  the  cell  from  the  parts  that  surround  it  is  not  merely  sufficient  to  fill  the  space 
enclosed  by  the  ceU-wall,  but  also  to  enlarge  it,  the  increasing  amount  of  sap  dis- 
tending the  cell-wall  until  its  elasticity  is  brought  into  equilibrium  with  the  endos- 
motic absorption.  In  this  condition  the  cell-wall  is  stretched  to  its  full  capacity, 
or  the  cell  is  lurgtd.  If  the  cell  loses  a  portion  of  its  water  by  transpiration  or  by 
neighbouring  cells  withdrawing  it,  the  tension  of  the  cell-wall  is  decreased  and  the 
volume  of  the  cell  diminished.  The  hydrostatic  pressure  produced  by  the  endosmotic 
action  of  the  cell-wall  acts  from  within  and  is  the  same  at  all  points  within  the 
small  cell-cavity;  but  this  does  not  prevent  different  points  of  the  cell-wall  stretch- 
ing and  contracting  in  different  degrees  as  the  turgidity  increases,  in  consequence  of 
local  variations  in  extensibility.  Hence  not  only  may  the  volume  but  also  the  form 
of  the  cell  be  changed  by  turgidity.  The  greater  the  tension  between  the  cell- 
Wall  and  its  contents,  in  other  words  the  greater  its  turgidity,  the  greater  is  the 
resistance  offered  by  the  cell  to  external  forces  which  tend  to  alter  its  form  by 
pressure,  but  the  more  readily  does  it  burst  in  consequence.  If  the  cell  loses  so 
much  water  that  the  space  enclosed  by  the  flaccid  cell-wall  is  no  longer  tilled,  it  may 
become  folded  inwards  by  the  external  pressure  of  the  air  or  of  the  surrounding 
water,  and  in  this  case  the  cell  is  said  to  collapse ;  if  the  cell-wali  is  thick,  firm,  and 
inflexible,  a  tension  of  an  opposite  character  to  turgidity  takes  place  in  the  cell. 
Since  turgidity  is  nothing  but  the  mutual  tension  of  the  cell-wall  and  contents,  or 
a  state  of  equilibrium  between  endosmotic  absorption  and  the  elasticity  of  the 
cell-wall,  it  is  evident  that  orJy  closed  cells,  /.  e.  such  as  have  no  orifices,  can  be 
turgid.  The  micellar  interstices  through  which  the  water  set  in  motion  by  endos- 
mose  forces  its  way  into  the  cells  are  essentially  different  from  pores ;  the  former  are 
so  small  that  their  diameter  is  completely  under  the  control  of  molecular  forces, 
while  even  the  smallest  pore  withdraws  at  least  the  middle  portion  of  its  space 
from  the  influence  of  the  molecular  action  of  the  substance  that  bounds  it.  Micro- 
scopic openings,  like  the  pores  of  bordered  pits,  are  orifices  of  this  latter  kind,  and 
are  excessively  large  compared  with  the  micellar  interstices  through  which  endosmose 
acts.  Cells  with  pits  penetrating  the  cell-wall  cannot  therefore  be  turgid,  because 
any  tension  however  small  between  cell-wall  and  contents  is  at  once  neutralised  by 
the  superfluous  sap  becoming  pressed  out  through  the  orifices.  It  is  indeed  possible 
for  water  to  be  forced  out  in  this  way  even  through  closed  cell-walls,  but  only  when 
the  turgidity  is  very  great,  and  the  hydrostatic  pressure  of  the  cell-sap  on  the  per- 
fectly tense  cell-wall  is  sufficient  to  force  out  the  water  through  the  micellar  inter- 
stices''.    The  resistance  offered  by  the  cell-wall  to  this  may  be  called  resistance  to 


'  [It  appears  probable  that  the  oi^anic  acids  which  are  present  in  the  cell-sap  of  all  cells  whLch 
are  or  can  be  turgid  are  the  substances  which  induce  endosmosis  (see  de  Vries,  Ueb.  die  Bedeutung 
der  Pflanzensaurcn  fiir  den  Tuigor  der  Zellt-n,  Bot.  Zeilg.  1879).  De  Vries  is  of  opinion  (Bot. 
Zeitg.  1879,  Ueb.  die  inneren  Vorgange  bei  den  WachslhumskriimmungeD  mehrielliger  Organe) 
that  growth  in  length  depends  upon  the  continuous  production  of  actively  osmotic  substances  in  the 
cell-sap  of  the  growing  cells.] 

'  That  the  water  which   filters   through  under  such  drcnmstances  actually  passes  through 
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filtration.  It  is  very  different  in  amount  in  cells  of  different  kinds,  and  on  it  the 
degree  of  turgidity  depends,  when  the  intensity  of  the  endosmotic  force  of  the  sap 
and  the  elasticity  of  the  cell-wall  are  constant. 

What  follows  with  respect  to  the  turgidity  of  the  individual  cell  is  equally  true 
in  general  of  masses  of  tissue ;  only  that  a  much  greater  variety  of  phenomena 
may  arise  in  this  case  according  to  circumstances.  If,  for  example,  a  number  of 
similar  layers  of  tissue  are  united  into  a  system,  a  curvature  of  the  system  may 
take  place,  when  one  layer  loses  water  by  evaporation  and  thus  becomes  shorter,  or 
when  it  absorbs  more  water  than  another  layer  and  thus  becomes  longer.  For 
instance,  the  primary  roots  of  seedlings  which  have  become  partially  flaccid  by 
evaporation  and  perceptibly  shorter,  quickly  bend  upwards  concavely  if  placed  with 
one  side  on  water;  if  placed  entirely  in  water  they  become  straight  and  longer. 
Curvatures  arise  in  the  same  manner  when  layers  of  different  tissues,  united  with 
one  another,  are  subjected  to  variations  of  tut^idily.  Stems  of  the  Dandelion  for 
instance  split  lengthwise'  and  placed  in  water  roll  up  in  a  spiral  manner,  the  outside 
being  concave,  because  the  medullary  parenchyma  absorbs  much  more  water,  and 
consequently,  from  the  extensibility  of  its  cell-walls,  expands  more  than  the  epidermis 
or  the  cortex,  which  absorb  water  more  slowly,  and  whose  cell-walls  are  besides  not 
so  extensible '. 

As  a  single  cell,  with  increasing  turgidity,  opposes  greater  resistance  to  forces 

which  tend  to  change  its  form,  so  also  a  mass  of  tissue  becomes  more  rigid  when  all 

its  cells  are  more  strongly  turgid,  and  vice  versd.    If,  for  example,  a  cylinder  of  pith  is 

cut  out  from  a  growing  internode  it  is  flaccid  and  flexible  ■  but  if  it  is  placed  for  a 

q  h  If        h  ly  b      m  d      biy  1  bio 

y    g  d      d  b     1  q  f   11  11    be  p  dly  fill  d       h 

Th      if  11  m  hi       1        I     p  I  i  d  bj      !      I    s 

bl  ]       1  d       If    h  d     I  e 

fldf  p  d  I'd  Iphry  beg        o 

b  gddpdb  ddbyh  f 

dff         pp  hhm         d         igh  Ifh  Ijp. 

bih  Ihlas  flly  qlmhhdyf 

hph  pdlh  llg  fhhl  db>l  giy 

fhph  hi        I        h       flphi  Idbb  hthhd 

h  1  nb  hphdh  dg  n 

q  fhhl       hi  dpp  dblhljflbl. 

Thhl  dmyb  pd  HI  fl!e 

p  d  bj    I      p  h  II      II  by   I  g  If  h    p  h  1      a 

th       h  I    h      m  II       h    p  I  h  d  g    lis- 


mieellar  interstices  is  clear  from  the  fact  that  the  amount  of  soluble  substances  contained,  in  the 
water  is  altered  by  the  filtration. 

'  [De  Vries  has  shown  that  the  turgidity  of  cells  may  be  diminished  by  placing  them  in 
solutions  of  neutral  salts  (KNO„  Na  CI)  of  4-6  per  cent, ;  water  is  withdrawn  from  the  cells,  and 
they  consequently  become  smaller;  if  they  are  then  placed  in  distilled  water  they  re;;aiii  their 
original  size  (Ueb.  d,  mechanischen  Ursachen  der  Zellsttecliung,  i8?7),] 
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2.  Imbibition  is  the  term  given,  as  we  have  already  seen,  to  the  capacity'  of 
org;anised  structures  to  absorb  water  between  their  micellas  with  such  force  that 
they  are  thereby  driven  apart,  their  cohesion  being  partially  or  entirely  overcome,  and 
the  whole  thus  increasing  in  volume.  Loss  of  water,  on  the  other  hand,  as  by 
evaporation,  causes  approximation  of  the  micelte  and  a  corresponding  decrease  in 
volume  of  the  whole.  Both  distension  and  contraction  take  place  with  such  force  as 
to  overcome  external  resistances  of  considerable  magnitude.  While  in  closed  and 
thin-walled  ceils  the  changes  in  form  and  volume  are  chiefly  caused  by  turgiditj, 
in  very  thick-walled  cells  on  the  contrary  with  a  small  cavity  (as  many  bast-fibres  and 
coUenchymatous  cells)  they  are  brought  about  mainly  by  imbibition  and  desiccation 
of  the  cell-wall,  and  especially  when  it  is  to  a  high  degree  capable  of  swelling,  in 
other  words  is  in  a  state  to  absorb  or  give  off  large  quantities  of  water.  In  cells 
with  open  pores,  where  there  can  be  no  hydrostatic  pressure  or  turgidity,  as  in 
wood-cells  and  vessels  with  bordered  pits,  imbibition  and  the  desiccation  of  the  per- 
forated cell-wall  are  the  only  means  of  changing  the  size  and  form  of  the  cell. 

If,  as  is  usually  the  case  with  thick  cell-walls,  the  different  concentric  layers  of 
cellulose  have  different  degrees  of  capacity  for  imbibition  and  swelling  {see  Book  I. 
Sect.  4),  tensions  are  caused  between  these  layers  by  the  absorption  or  loss  of  water, 
which  may  even  end  in  the  layers  becoming  detached  from  one  another;  as,  for 
example,  occurs  in  transverse  sections  of  thick-walled  bast-cells  and  in  starch- grains. 
But  it  is  not  only  the  quantity  of  water  absorbed  and  given  off  that  varies  in  the 
different  layers  of  a  cell-wall,  but  also  the  direction  in  which  the  water  is  princi- 
pally absorbed  or  allowed  to  escape  between  the  micelte.  Tensions  are  thus 
caused  which  may  lead  to  ihe  production  of  torsions  and  oblique  fissures,  to  the 
rolling  or  unrolling  of  spiral  bands  of  the  cell-wall,  and  to  a  chaJige  in  the  obliquity 
of  the  spirals '. 

All  these  changes,  which  are  necessarily  associated  with  the  tensions  of  layers 
that  have  become  convex  and  concave,  take  place  also  in  masses  of  tissue  and 
organs  the  cells  of  which  have  lost  their  contents  and  consequently  their  turgidity, 
while  their  cell-walls  have  become  capable  of  imbibition,  or,  as  it  Is  generally  termed, 
hygroscopic.  The  layers  of  cell-walls  and  the  thin-walled  masses  of  tissue  which 
in  the  living  state  contain  most  water,  contract  most  strongly  after  death  and  from 
desiccation ;  with  change  of  form  they  become  concave,  or  are  ruptured  by  the 
contraction  of  the  intermediate  lignified  tissue.  Without  entering  at  present  into  a 
detailed  consideration  of  these  extremely  various  phenomena,  which,  though  often 
of  extreme  importance  in  the  life  of  the  plant,  do  not  infiuence  growth,  it  need 
only  be  mentioned  that  on  them  depend  the  bursting  of  most  sporangia,  anthers, 
and  capsular  fruits,  the  remarkable  movements  of  the  awns  of  various  species  of 
Avma  and  Erodium,  as  well  as  those  of  the  Rose  of  Jericho  (Anaslatica  hiero- 
chuntica)  and  of  the  so-called  asthygrometer '.  Of  direct  importance  on  the  other 
hand,  as  respects  the  mechanical  laws  of  growth,  are  the  changes  in  volume  of  the 

'  See  Nageli  u.  Schwendener.  Das  Mikroskop,  p.  427  el  seq.  (1877). 

'  Compare  Cramer,  in  Nageli  u,  Cramer's  Pflanzen-physiologisthe  Untersuchungen,  1855,  Heft  3. 
p.  38  et  seq. ;  and  Sachs,  Experimental-Physiologie,  p.  429. 

'  Compare  Cramer's  ilatements  in  Wolff's  treatise,  Die  sogenannte  Astbygrometer ;   Zurich, 
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wood  and  bark  of  trees  which  accompany  the  variation  in  the  quantity  of  water 
they  confain,  and  the  very  powerful  tension  between  them  thus  caused  in  woody 
plants,  to  which  I  shall  again  recur  in  detail.  The  attention  of  the  student  need 
now  only  be  called  to  one  point,  vis.  that  when  wood  distends  on  imbibition  or 
contracts  on  desiccation,  this  is  caused  entirely  by  the  alteration  in  form  and 
volume  of  the  cell-walls,  since  turgidity  cannot  take  place  in  wood  as  it  does  in  a 
tissue  consisting  of  closed  cells.  The  distension  and  contraction  of  wood  when  it 
absorbs  or  loses  water  are  very  different  in  different  directions,  strongest  in  the 
tangential,  weaker  in  the  radial,  weakest  of  all  in  the  longitudinal  direction '.  This 
is  the  cause,  for  instance,  of  the  longitudinal  splits  in  woody  stems  when  they  become 
dry,  which  close  again  when  water  is  absorbed ;  and  the  changes  of  dimension  due 
to  these  phenomena  take  place  with  extraordinary  force. 

3.  Growth  itself  must  cause  states  of  tension  in  the  layers  of  a  cell-wall  or  of 
the  tissue  of  which  an  organ  is  composed,  if  the  layers,  although  firmly  united  to 
one  another,  grow  unequally.  It  is  however  much  more  difficult  to  understand 
the  modifications  of  tension  due  to  growth  than  those  due  to  turgidity  and  imbi- 
bition, as  the  former  cannot  be  altered  artificially  without  a  material  change  being 
caused  also  in  the  latter.  Since  the  growth  of  every  organised  structure,  such  as 
a  cell-wall,  can  only  proceed  so  long  as  it  is  permeated  with  water,  and  since 
moreover  the  growth  of  the  entire  cell  requires  it  to  be  in  a  iurgid  condition,  and 
this  condition  itself  has  an  influence  on  growth,  it  is  extremely  difficult  to  decide 
how  far  each  of  these  phenomena  is  the  cause  of  the  other.  If  by  growth  we  under- 
stand, according  to  the  definition  already  given,  only  permanent  and  irreversible 
changes  of  organisation,  affecting  in  the  first  place  the  micellar  structure  of  the 
organism,  it  may  be  assumed,  in  accordance  with  the  present  state  of  our  know- 
ledge, that  growth  is  always  preceded  by  imbibition  and  turgidity,  and  that  it  is  the 

'  The  measErements  of  Laves  given  below  illustiale  these  relative  changes  of  dimension.  (See 
Sachs,  Experimental-PhysioloEie,  p,  431.) 
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The  change  in  volume  of  wood  was  investigated  by  Weisbach  (/.  c.  p.  432). 


do.  130  5-1 

In  comparing  the  change  in  volume  with  the  amount  of  water  absorbed,  it  mast  be  bon      1 
that  the  numbers  in  which  the  latter  is  expressed  do  not  give  merely  the  amount  of  wate 
by  the  cell-walls,  which  alone  causes  the  distension,  but  also  that  retained  in  the  cavities  by 
attraction.     It  may  therefore  happen  that  there  appears  a  smaller  increase  in  volume  whe 
quantity  of  water  is  absorbed. 
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iiiodificalion  of  the  micellar  forces  caused  by  these  conditions  which  render  po=;sible 
the  intercalation  of  new  soUd  panicles  amonc;  those  already  in  existence  If  for 
example,  a  cell-wall  is  stretched  by  turgidit>  the  distance  of  its  niK.cll'e  increased, 
and  possibly  a  different  arrangement  of  them  brought  ibont  this  stite  may  be  re 
versed  on  the  cessation  of  the  turgidity,  by  the  ela^ticitj  of  the  cell  wall  But  if, 
during  the  condition  of  tension,  growth  takes  place  bj  the  intercalation  of  new 
solid  micellfe,  the  tension  of  the  cell-wall  is  altered  and  m  genera)  diminished  If 
now  the  turgidity  ceases  as  before,  a  new  condition  of  equilibnum  occurs  in  the  cell- 
wll  m  h         hash         ffdbghh'hasdd         bl 
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Corresponding  to  every  tension  is  an  opposite  tension.  If  3  tissue  which  has  3 
tendency  to  become  distended  b  prevented  from  doing  so  by  its  connection  with 
surrounding  tissues,  both  are  in  a  stite  of  tension,  the  one  negative,  the  other 
positive.  The  tissues  which  are  passively  distended  may  be  said  to  be  in  a  state  of 
negati-ve  teniion,  those  which  are  compressed  or  liindered  in  their  distension  to  be  in 
a  state  of  fosiil-ve  tension.  In  a  turgid  cell,  the  cell-wall  is  therefore  in. a  state  of 
negative,  the  contents  in  a  state  of  positive  tension. 

As  long  as  there  is  no  movement  or  change  of  form,  the  two  opposing  tensions 
must  be  equal ;  /.  e.  the  work  which  the  part  in  a  state  of  positive  tension  would  perform 
is  equal  to  the  work  which  would  be  performed  by  means  of  its  elasticity  by  the  part  in 
st  t      t      g  t      t  t  th    t       w       d  t  d         th      I    t     f  t 

t       m    t  p    t         th       m      m      t    f         k       t       1  y  th    pp     t    t 

d        q    lb  wth  th         If  f  pl  t    1    il    d  mm   1     g 

pposed  tbpld  d        bbtbs     mm    I     g      d    1      d  b  I  d 

f  th    t  b  t    thd        th  t    t  b    f    t      d    b        th       ipe        d     f  th      t    1 

yl     i  h  y  t  m  t  t       f  t  th        d         bb  g  t         th      t     1 

p     t  d  th     >  t  t    est  th      ppo     g  t  t  b      q    1  II 

th    p    ti  ies    f  th       d        bb      t     d  t  t     t      th  th       m    f  th  t  w  th 

wh   h  th         f  th     t    1  wh   h  p        d  t    d  t       p      t    t  th 

Th  mpl      h  t  th       m    t  m    th  t  tl       m      t  t       t>    f  th    t 

b)  bemrfsdbythhg  d  hhthlyrs 

p  t  th      m  t  wh        ti    y  set   f         f    m     t       L  t  fo  mpl 

ppo  y  t  m     f    t     1       d      di        bbe     th  t  th      t     1     )  i    d  h     t       d 

mm        t     t  by  th        d        bl  h  i     th        d        bbe     t  b     m    t    b 

ttldsmmtf  dtpd  qlb  Itthtb 

p       d    b  t    t  tra  t    5      mm    (    pp       g    t  t     b     p    f    tl       1  st    ) 

h  I     th      t    I    yl    d        I     t;  t  1)  m      th       h     g       t  d  th      f 

5        t         g     t  th  f  th       d        bb      th  tl   t    f  th      t    I     Ith     gh 

th        t    1  f   th     tw     w      th     sam        B  t  th       it      t  f   d 

d  [yth  tftthgt       hhth       d        bb  df       mpes 

t      h   h  th     t    1  w        bj    t  d      If  th      t       th    1  J         1  th    t  ss       f  t 

d  p     t  d  f    m  th       th    alt  f  d  wh   b  th 

dpi  th         t       b  1  ty       d  p    ss  b  1  ty     f   (h     1  >  II  tl 

m      t    f  t  Th  ly  h   h  th  t     t  t 

b       frrdf        thhg  d  tthtsseswhfdlm       ttf 

t  wh         h  t       b  I  ty        d  p  es   b  I  ty  th         m  d   wh 

p    f    t     last     ty     1  sts         b  th      B  t  th  q    t     d  ff        t       th  gr  w    g 

t        d        th        t       b  I  y    f  th    t  ss  h  tat      f  t  is  t    tiy 

hgg  seq  fgthi  gtdthpd  d         d 

rj       t       bl       f  th  y  p         d  f         th     p  th  th     1  tt  ly  I    gfh 

1  ghtl>    bee  t  ly    1  ghtly       mp        dbtth      pdm         dthwd 

t      t         y  d      bly   b  th  y  y       t        bl         d  t    t  hed  by 

h    p  h     O    th      th     h    d  th      It     t  f  d  I  y         f         !d     th    gh 

t       t  t  m  d        II  b    th  Th    p  th      h      f     d  f        th     t 

1     g  t  d  rabl      b  t  th  od         tra  t         ly    1  ghtl>    b         ■«    t         t       b  1  ty 

w  b  t        II      d  t  was  b  t   1  ghtly  t    t  1   d  by  th    p  th     th    p  th        th  t     y 

b      g        y      mpress  bl        as  pre       t  d  f    ml     gth        g  by  th  t  f  th  d 

The  mten^ity  of  the  tension  cannot  by  any  means  be  deternimed  in  either  case  from  the 
changes  of  dimension ;  these  only  show  that  there  are  tensions,  and  indicate  also  what 
parts  are  extensible  and  compressible,  and  which  are  in  a  state  of  positive  and  negative 
tension'.     It  may  be  laid  down  as  a  rule  that  when  the  separation  of  two  tissues  causes 

'  In  his  treatise  On  (he  Tension  ot  the  Tissue  of  the  Stem  and  its  Resnlts  (Bot.  Zeitg.  1867, 
No.  109)  Kraus  has  employed  the  differences  of  length  between  the  entire  intemode  and  its  isolated 
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one  of  them  to  contract  or  expand,  while  the  length  of  Ihe  other  apparently  does 
not  change,  both  layers  were  nevertheless  in  a  state  of  tension,  only  the  one  which 
remained  unchanged  in  length  was  but  slightly  extensible  or  compressible,  while  the 
other  possessed  these  properties  in  a  higher  degree.  When,  on  the  other  hand,  an 
internode  consists  of  very  extensible  cortex  and  very  compressible  pith,  both  will 
alter  very  considerably  in  length  when  separated;  and  yet  the  tension  is  not  neces- 
sarily as  great  as  in  another  internode  where  the  cortex  is  less  extensible  and  the 
pith  less  compressible,  and  where  both  undergo  smaller  alterations  of  length  when 
separated.  Similarly  in  our  system  of  steel  and  india-rubber,  if  the  steel  is  supposed 
to  be  replaced  by  a  cylinder  of  india-rubber,  this  cylinder  would  be  very  strongly 
compressed  by  the  tube  of  india-rubber  which  in  its  turn  would  be  stretched  by 
it;  and  when  the  system  was  brolten  up  a  smaller  contraction  would  take  place  of 
the  tube  but  a  much  greater  elongation  of  the  cylinder  than  in  the  ease  of  the  steel, 
even  if  the  tension  put  into  action  had  been  the  same  in  amount  as  in  the  system  of 
steel  and  india-rubber. 

Sect,  15. — Fhenomena  due  to  the  Tension  of  Tissues  in  the  growing 
parts  of  Plants',  A.  Tension  0/  differ snt  layers  of  a  cell-wall.  By  cutting  as  large 
pieces  as  possible  out  of  the  walls  of  living  cells  and  placing  them  in  water,  it  is 
possible  to  demonstrate  the  existence  of  tensions  in  them ;  it  is  found  that  if  the 
cell-wall  consists  of  layers  of  which  the  outer  ones  have  a  less  and  the  inner  ones  a 
greater  capacity  of  imbibition,  the  piece  of  cell-wall  will  bend  so  that  the  outer  side 
becomes  concave,  the  inner  side  convex.  If  the  greater  part  of  the  water  of  imbibition 
is  withdrawn  from  the  piece  of  cell-wall  by  placing  it  in  a  solution  of  sugar  or  in 
alcohol  or  thick  glycerine,  the  bending  diminishes  or  even  changes  into  the  oppo- 
site direction,  the  inner  side  becoming  concave ;  this  direction  being  again  reversed 
by  again  placing  the  object  in  water.  Narrow  strips  which  may  be  cut  at  right 
angles  to  the  surface  out  of  pollen-grains  of  Cucurbiia  or  Allhaa  or  the  cells  of 
the  intemodes  gI  Ntlella  are  well  adapted  for  this  experiment. 

The  concave  curvature  outwards  evidently  depends  on  the  inner  layers  of  the 


layers  of  tissue  as  a  general  measure  of  the  intensity  of  the  tension ;  but  this,  it  will  be  seen  from 
what  has  here  been  said,  is  inaccurate.  If,  for  example,  the  wood  and  pith  of  an  old  internode  are 
isolated,  the  contraction  of  the  former  is  scarcely  perceptible,  while  the  latter  elongates  considerably ; 
the  pith  of  the  internode  was  therefore,  according  to  this  method,  in  a  state  of  great  tension,  while 
the  wood  was  not ;  although  the  degree  of  tension  of  the  two  was  really  the  same,  differing  only  in 
sign  (positive  ajid  negative).  On  p.  113  (i.e.).  Kraus  gives  a  correct  account  of  the  behaviour  of  the 
layers  of  tissne  of  growing  intemodes. 

^  The  phenomena  here  described  were  first  observed,  although  somewhat  superficially,  by 
Dutrochet  (M^m.  pour  servir  i  I'hist.  des  v^get.  et  des  anim.  1837.  vol.  II).  Hofmeister,  in  his 
treatise  On  the  Bending  of  Succulent  Parts  of  Plants  (Berichte  der  kon.  sachs.  Gesells,  der  Wissensch. 
iBjg),  made  some  important  corrections  of  the  theory.  On  the  Direction  of  the  Parts  of  Plants 
caused  by  Gravitation,  see  ibid,  i860  ;  on  the  Mechanics  of  the  Movements  due  to  the  Stimulation  of 
Parts  of  Plants,  Flora,  1862,  No  33  tt  seq.  A  connected  account  of  the  phenomena  was  given  in  my 
Experimental-Physiologie,  p.  465  el  seq.  Very  minute  investigations  were  published  by  Kraus  in 
Bot.  Zeitg.  1867,  No.  14  et  seq.,  where  the  transverse  tension  of  wood  caused  by  the  increase  of  its 
diameter  was  also  for  Ihe  first  time  described.  Nageli  and  Schwendener  also  contributed  to  the 
development  of  the  theory  in  their  '  Mikroskop,'  p.  3y6  el  seq.  Still  these  phenomena  require  a  much 
more  exhaustive  examination  than  has  yet  been  given  them  ;  the  account  here  given  will  only  serve 
to  introduce  the  student  to  facts  which  are  easy  of  observation.  In  explaining  the  piocesses  in  the 
interior  I  differ  greatly  fiom  the  views  of  Hofmeister  (Lehre  von  der  Pflanien!elle,  p.  2J3  el  sej.). 
The  difference  in  our  views  is  so  complete  that  it  would  be  useless  to  point  out  particular  points  of 
difference. 
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cell-wall  absorbing  more  water  in  the  direction  parallel  to  their  surface  than  the 
outer  layers,  and  thus  stretching  more  and  becoming  the  convex  side  of  the  system. 
When  water  is  withdrawn  the  opposite  result  must  ensue.  Let  us  suppose  the  cell 
to  be  closed  and  entire  and  not  at  all  or  scarcely  turgid,  i.  e.  with  no  hydrostatic 
pressure  between  cell-wall  and  cell-contents  :  the  inner  face  of  the  cell-wall  will  then 
be  in  contact  with  the  cell-sap,  and  will  absorb  more  water  than  the  outside ;  a 
tension  will  therefore  be  produced,  the  inner  layers  of  the  cell-wall  having  a  tendency 
to  stretch,  and  being  partially  prevented  from  so  doing  by  the  outer  layers.  This 
tension  of  its  layers  will  impart  to  the  cell-wall  a  certain  stiffness  and  rigidity  which 
is  quite  unconnected  with  turgidity.  But  since  in  the  normal  state,  and  especially 
when  they  are  growing,  cells  are  always  turgid,  the  whole  system  of  tissues  will  be 
distended  independently  of  this. 

If  narrow  strips  are  cut  out  of  large  succulent  cells,  or  very  thin  slices  of  tissue 
are  made  so  as  not  to  contain  any  perfect  cells,  a  concave  outward  curvature  is 
obtained  at  the  moment  of  making  the  section.  This  is  at  once  explained  by  recol- 
lecting that  the  outer  layer,  especially  when  cuticularised,  was  in  a  state  of  passive 
tension  before  the  section  was  made;  while  the  inner  layer,  which  was  in  an 
absorbent  condition,  was  swelled  up  from  contact  with  the  cell-sap.  At  the  moment 
of  division  this  inner  layer  retains  its  water  of  imbibition ;.  but  the  outer  layer,  which 
was  in  a  state  of  greater  tension,  obeys  its  elasticity,  and  in  consequence  of  its 
contraction  becomes  the  concave,  the  inner  the  convex  surface  of  the  section.  It 
is  clear  however  that  these  phenomena  must  also  occur  when  water  is  removed  or 
absorbed.  It  is  only  in  this  way  that  it  seems  to  me  possible  for  the  cell-walls  to 
take  any  part  in  the  tension  of  the  tissues,  a  part  which  however  must  always  be 
subordinate  in  the  closed  living  cell  to  the  influence  of  turgidity,  since  this  stretches 
both  the  inner  and  outer  layers,  and  every  change  in  the  degree  of  turgidity  must 
cause  contraction  or  distension  of  the  entire  cell-wall. 

It  is  a  question  not  without  importance  in  what  relation  the  imbibition  and 
swelling  of  the  cell-wall  stand  to  the  turgidity  of  the  whole  cell.  If  we  imagine  a 
single  turgid  cell,  and  suppose  that  from  any  cause  the  cell-wall  (whether  the  layers 
are  in  a  state  of  tension  or  not)  is  able  to  absorb  more  water  from  its  contents 
than  it  had  before,  the  question  arises  whether  the  turgidity  is  thus  increased  or 
diminished.  By  the  increased  amount  of  water  absorbed  from  the  contents  by  the 
cell-wall,  they  must  be  diminished,  as  also  must  the  hydrostatic  pressure  on  the 
cell-wall,  and  the  more  so  when  the  size  of  the  cell  is  increased  by  the  imbibition. 
But  since  the  cell-wall  may  also  increase  in  thickness,  the  pressure  on  the  contents 
may  be  supposed  to  increase  from  this  cause.  If  however  we  take  the  simplest  and 
least  favourable  case,  viz.  that  the  size  of  the  cell  remains  unaltered  but  the  thickness 
of  the  wall  increases,  and  therefore  that  it  distends  inwardly,  this  will  nevertheless 
not  cause  any  increased  pressure  between  cell-wall  and  contents,  because  the  water 
which  was  the  sole  cause  of  the  thickening  of  the  cell-wall  and  diminution  of  the 
cell-cavity  was  withdrawn  from  the  cavity.  The  swelling  of  the  cell-wal!  can  at  the 
most  diminish  the  size  of  the  cell-cavity'  by  the  volume  occupied  by  the  water  with- 
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drawn  from  it.  No  increase  of  (urgidity  can  therefore  take  place  in  this  case,  and 
still  less  when  the  cell  also  increases  in  size.  The  same  argument  of  course  applies 
also  to  a  multicellular  mass  of  tissue.  But  the  case  is  different  when  the  water  with- 
drawn from  the  cell-contents  by  the  cell-wall  is  replaced  by  raeans  of  endosmose, 
and  the  turgidity  thus  again  increased ;  in  this  case  in  proportion  as  water  is  absorbed 
by  the  cell- wall  the  turgidity  and  volume  of  the  whole  cell  must  also  increase. 

B.  Mutual  Tension  of  the  layers  of  tissue  of  an  organ,  (r)  Tension  in  the  direction 
of  length;  i.  e.  parallel  to  the  axis  of  growth  of  the  organ.  In  the  intemodes  of 
upright  stems  some  idea  may  be  obtained  if  not  of  the  intensit)  of  the  ten  ion  at 
least  of  its  kind  { whether  negative  or  posit  ve)  and  of  its  vanaticn  in  ihe  different 
layers  of  tissue,  by  measuring  the  kngth  of  the  mtemodes  ind  then  separating  the 
layers  of  tissue  b}  a  sharp  knife  and  compiring  the  r  Ient,th  w  th  that  of  the  ent  re 
internode.  It  is  obvious  that  the  length  of  the  e  itire  nterno  le  is  the  result  of 
the  mutual  tensions  of  its  laj  ers,  some  being,  in  tf  s  exper  mi>nt,  shorter  and  some 
longer  than  the  entire  internode;  and  it  results  from  what  has  already  been  said 
about  opposite  tensions  that  if  any  particular  layers  have  not  changed  in  length 
after  being  separated,  this  does  not  prove  that  they  were  not  distended  or  com- 
pressed when  forming  a  part  of  the  system,  but  only  that  they  opposed  a  strong 
resistance  to  the  tension  then  in  existence,  which  resistance  rendered  the  alteration 
of  their  length  imperceptibly  smalL  But  the  opposite  is  also  possible ;  vis.  that  a 
layer  of  tissue  when  separated  will  show  no  perceptible  contraction  because  it  was  so 
extremely  extensible  and  inelastic  that  it  yielded  with  extremely  little  resistance  to 
the  traction  of  the  layers  which  were  in  a  state  of  positive  tension,  the  limit  of  its 
elasticity  being  continually  overstepped. 

If  this  method  is  applied  to  rapidly  growing  internodes,  it  is  generally  found 
that  isolated  strips  of  the  epidermis,  of  the  cortex,  or  of  the  wood  (xylem),  are  shorter 
than  the  entire  internode,  while  the  isolated  pith  is  considerably  longer ;  the  former 
therefore  were  in  a  state  of  negative,  the  latter  was  in  one  of  positive  tension. 
All  the  isolated  layers  are  flaccid,  while  the  entire  internode  was  rigid  from  the 
mutual  tension. 

If  a  median  longitudinal  lamella  bounded  by  two  strips  of  epidermis  is  cut  out 
of  a  growing  internode  with  its  xylem  still  unlignified,  and  if  its  tissues  are  then 
isolated  so  as  to  lie  side  by  side,  then,  indicating  the  epidermis  by  E,  the  cortical 
layer  by  C,  the  xylem  by  X,  the  pith  by  P,  the  respective  lengths  after  isolation  may 
be  staled  as  follows : — 

E<C<X<P>X>C>E. 
It  is  at  once  evident  from  this  that  every  layer  was  before  the  separation  in  a  state 
of  negative  tension  towards  the  next  one  inside,  of  positive  tension  towards  the 
next  one  outside.     The  epidermis  alone  was  in  a  state  of  passive  tension ;  the  pith 
alone  was  passively  compressed,  or  rather  prevented  from  extending. 

The  extensibility  and  elasticity  of  tissues  are  altered  during  the  growth  of  an 
internode,  as  may  be  seen  by  comparing  intemodes  of  various  ages ;  the  exten- 
sibiUty  of  the  wood  decreases  rapidly,  that  of  the  epidermis  and  cortex  more  slowly, 

during  imbibition  indicates  that  a  decrease  of  volume  is-taking  place,  and  therefore  that  allhough  v 
is  the  amount  of  wsCer  absorbed  by  imbibition,  the  increase  of  volume  is  only  \  —  d. 
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The  following  table  will  now  be  understood ;  the  length  of  the  entire  internode 
being  always  placed  at  lOO,  and  the  amount  of  contraction  indicated  by  negative,  of 
expansion  by  positive  percentages. 

Number  of  the  intemode,       Change  of  length  of  the  isolated  tissue 
counting  from  the  youngest.       in  percentage  of  the  entire  internode. 


n  d 

n 

n    q 

f   h 

tat 

fp 

b       1 

h     p 

1 

h  1 

n        1 

d 

J 
(J 

f  h 

d  h 

pdly 

Id 

p     dm 

Nicoiiana  Tahacum 


I—  IV  -g-9  -1-5  +    2-g 

V-VII  -3-1  -i-i  +    3-g 


'  VIII— IX 

X—  XI 

do. 

I—  II 

III—  IV 

V— VII 

VIII— IX 

Sambucus  nigra 

I 

+  z-1 

+  5-1 


in  —  o'6  +   2'3 

These  numbers,  taken  from  my  Handbook  of  Experimental  Physiology,  may 
be  supplemented  by  some  others,  calculated  from  the  statements  of  Kraus'  {I.  c. 
Table  i).  ^_^— _^^_-_^_^_^_ 

1  The  decrease  in  the  extensibility  of  the  epidermis  was  determined  by  Krans  (I.e.,  tables, 
p.  9),  by  attaching  weights  to  strips  of  epidermis. 

"  The  relation  between  the  tension  of  tissues  and  the  slate  of  growth  of  the  intemode  (i.  e, 
the  phase  of  its  greatest  period  of  growth}  requires  fresh  and  detailed  investigation.  Krans's 
Table  III  (Bot.  Zdtg.  1S67)  shows  that  the  greatest  difference  of  length  between  cortex  and  pith 
does  not  always  occur  at  the  time  of  the  greatest  growth ;  and  that  even  after  growth  has  ceased, 
tensions  may  still  continue.  It  must  however  be  remarked  that  the  method  by  which  these  num- 
bers have  been  obtained  is  liable  to  considerable  suspicion. 

'  Kraus  has  only  given  the  absolute  numbers;  but  a  correct  notion  can  be  obtained  only  by 
comparing  them  with  the  length  of  the  intemode. 
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Number  of  the  in 


Nicoliana  Tabacum 


Vilis  Vint/en 


VII—  IX 

X— XII 
XIII— XV 


Change  of  length  of  the  isolated  li 
in  percentage  of  the  entire  interne 


Helianlhus  luherosus 


-v6            +o-3(?) 

+  6-1 

+  o-2{f) 

+  0-7 

,-o'5            -o'5 

+  OT 

-i-J 

+  68 

—  o-o 

+  6-6 

-0-4 

+  4'4 

VIII 
IX— XI 


-o-s  -o-o  +3'2 

+  0-9  (?)  +3-0 

It  is  easy  to  establish  tlie  existence  of  similar  contractions  of  the  outer  tissues 
and  elongations  of  the  parenchyma  in  the  case  of  growing  leaf-stalks,  as  those  of 
Sela,  Rheum,  Philodendron,  &c. 

If  a  growing  internode  or  a  leaf-stalk  is  split  by  two  longitudinal  sections  at 
right  angles  to  one  another,  the  parts  will  bend  concavely  outwards,  evidently  in 
consequence  of  the  lengthening  of  the  pith  and  contraction  of  the  outer  tissue.  This 
phenomenon  is  seen  most  clearly  if  a  thin  longitudinal  slice  is  taken  from  the  middle 
of  the  internode,  laid  flat,  and  the  pith  dien  halved  lengthwise ;  as  the  knife  advances 
the  two  halves  will  bend  concavely  outwards.  If,  instead  of  cutting  the  section  in 
two,  thin  strips  of  tissue  are  cut  proceeding  from  without  inwards,  first  one  including 
the  epidermis,  next  one  including  the  cortical  tissue,  and  finally  one  including  the 
wood,  they  will  all  bend  concavely  outwards,  because  the  adjacent  layers  are  all  in  a 
slate  of  negative  tension  on  the  outside,  of  positive  tension  on  the  inside,  and  when 
separated,  the  outer  side  always  becomes  shorter,  the  inner  side  longer. 

That  this  bending  is  caused  by  simultaneous  contraction  of  the  outside  and 
lengthening  of  the  inside  is  at  once  clear  from  the  measurements  already  given,  but 
may  also  be  observed  directly,  as  will  be  seen  from  the  following  table.  Longi- 
tudinal slices  of  considerable  thickness  were  cut  from  the  middle  of  growing  inter- 
nodes,  laid  flat,  and  the  pith  then  halved  by  a  longitudinal  cut ;  the  radius  of  the 
curvature  which  each  half  at  once  assumed  was  determined,  and  the  length  of  the 
convex  inner  and  the  concave  outer  side  measured  by  means  of  a  strip  of  card 
graduated  in  millimetres. 
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Shorten- 

Lengthen- 

Length of 

Radius  of 

ing  of  the 

ing  of  the 

Semidiameter 

the  entire 

curvature  of 

concave 

convex 

of  the 

internode. 

the  segment. 

outer  (epider- 
mis) side. 

inner  (pith) 
side. 

interaode. 

Silphiumperfoliatum. 

Left  half 

69-5  mm. 

4  cm. 

2-8  p.C. 

9' 3  p.C. 

3  mm. 

Right  half 

69'5 

4 

2'4 

93 

3 

Silphittm  perfolialtim. 

Left  half 

190       • 

3—4 

z-8 

9'5 

35 

Right  half 

I  go 

3— t 

2'6 

10-8 

4'5 

Mac  ley  a  cor  data. 

Hollow 

134-5 

5-6 

074 

71 

3-3 

As  we  have  already  seen  from  the  measurements  of  the  layers  when  entirely 
ras  also  evident  from  the  rarvature  of  the  two  halves  of  the  longitudinal 
slice  that  the  contraction  of  the  epidermis  is  less  than  the  elongation  of  the  pith. 
Since  a  slice  is  somewhat  longer  than  the  entire  internode,  if  the  length  of  the 
slice  were  taken  as  =100,  the  proportionate  contraction  of  the  outside  would  be 
greater,  the  lengthening  of  the  inside  less, 

A  rapid  rate  of  growth,  united  with  a  certain  amount  of  physical  differentiation 
of  the  different  layers  of  tissue,  such  as  occurs  in  erect  leafy  shoots,  stout  leaf-stalks, 
and  tendrils,  appears  generallj  to  be  favourable  to  the  production  of  the  tensions  in 
tissues  of  which  we  ha\e  been  speakmg,  as  they  are  not  found  in  stems  of  very 
slow  growth,  like  stout  rhizomes,  the  thick  stolons  of  Fttcca  and  Dracana,  &c. 
That  the  existence  of  tension  has  more  to  do  with  a  physical  differentiation  in  the 
elasticity  and  extensibility  of  the  layers  than  with  a  morphological  one,  is  shown  by 
the  fact  that  very  considerable  tensions  are  found  even  between  the  outer  and  inner 
layers  of  the  hyphal  tissue  of  the  stipes  of  the  larger  Hymenomycetous  Fungi,  which 
are  morphologically  similar.  Within  the  growing  apical  region  of  roots,  on  the  con- 
trary, where  we  have  a  combination  of  two  layers  of  tissue  sharply  differentiated 
morphologically,  viz.  an  axial  fibro -vascular  cylinder  surrounded  by  a  parenchymatous 
cortex,  we  do  not  find  any  considerable  tension  when  the  part  is  split  by  two  longi- 
tudinal cuts  at  right  angles  to  one  another,  or  when  the  layers  are  completely  isolated. 
But  since  it  is  easy  to  prove  that  the  cortex  of  the  root  grows  more  rapidly  and  for 
a  longer  time  than  the  axial  cylinder',  it  may  be  assumed  that  in  an  uninjured  grow- 
ing root  there  is  nevertheless  a  small  tension  between  them,  positive  in  the  case 
of  the  cortex,  negative  in  that  of  the  axial  bundle ;  but  it  is  only  rarely  that  this 
tension  becomes  strong  enough  to  be  perceptible  by  the  parts  bending  inwards  when 
cut  lengthwise ;  probably  because  the  axial  cylinder,  which  still  consists  of  pro- 
cambial  tissue,  is  so  extensible  that  it  yields  almost  without  resistance  to  the  traction 
of  the  cortex.  The  case  is  different  in  the  older  parts  of  the  root  behind  the 
growing  end  {which  does  not  exceed  10  mm.  in  length).  If  this  portion  is  split,  the 
parts  generally  gape  concavely  outwards,  although  much  less  so  than  the  growing 
part  of  erect  stems.     The  curvature  is  however  considerable  in  the  aSrial  roots 
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of  Aroidea;,  where  tbe  opposite  curvature  which  takes  place  at  the  apex  is  also 
sometimes  well-marked. 

The  description  now  given  of  the  states  of  tension  in  the  case  of  stems  is 
also  applicable  to  all  expanded  internodes  and  leaf-stalks.  Within  the  bud  itself,  and 
especially  at  the  puncium  vegdaiionis,  there  appears  to  be  no  tension  of  the  tissues,  or 
only  one  as  slight  as  in  the  apices  of  roots.  It  is  only  when  the  epidermis  is  be- 
coming cuticularised  and  the  walls  of  the  bast-cells  are  beginning  to  thicken  that 
the  tensions  become  perceptible. 

The  individual  parts  of  fully  mature  organs,  esfiecially  leaves,  not  unfrequently 
retain  the  tensions  acquired  during  growth,  which  are  in  such  cases  often  particu- 
larly strong.  This  is  the  case,  for  instance,  in  the  contractile  organs  of  the  sensitive 
and  periodically  motile  leaves  of  Papilionacea,  Mimosete,  Oxalide^e,  &c.,  to  which  we 
shall  recur.  While  in  these  cases  the  true  leaf-stalks  and  the  internodes  from  which 
they  spring  have  long  become  rigid,  and  no  longer  show  any  considerable  tension  of 
the  tissues,  an  extraordinary  elongation  of  the  parenchymatous  cortex  occurs  in 
the  contractile  organs,  if  they  are  separated  from  the  solid  axial  fibro- vascular 
bundles ;  and  considerable  flexion  result  when  these  organs  are  split  lengthwise. 
The  opposite  to  this  occurs  in  the  nodes  of  the  stems  of  Grasses,  i.  e.  in  the  annular 
thickenings  at  the  base  of  the  leaf-sheaths ;  no  perceptible  tension  is  observable  in 
these.  If  a  median  longitudinal  section  is  made  and  divided  into  its  inner  and 
outer  layers,  they  exhibit  none  of  the  curvatures  which  are  so  striking  in  portions  of 
young  internodes.  This  flaccidity  of  the  tissue,  or  at  least  the  insignificance  of  the 
tension,  must  depend  on  the  concurrence  of  two  causes ;  on  the  one  hand  on  the 
cessation  of  the  growth  of  the  parenchyma  in  the  node  (although  Jt  remains  in  a 
state  capable  of  growing,  and  under  certain  circumstances  begins  to  grow  again), 
and  on  the  other  hand  on  the  extensibility  of  the  fibro- vascular  bundles  which  do 
not  become  lignified  within  the  node,  or  not  till  a  late  period  when  the  cells  of  the 
same  bundles,  where  they  lie  in  the  leaf-sheath  and  the  internode,  have  long  become 
lignified  and  rigid.  While,  therefore,  the  parenchyma  of  the  node  continues  to 
grow,  it  stretches  the  unresisting  fibro-vascnlar  bundles,  and  when  its  growth  ceases 
no  perceptible  tension  remains.  In  the  contractile  organs  of  sensitive  and  periodi- 
cally motile  leaves,  on  the  contrary,  the  axial  fibro-vascular  bundle  becomes  elastic 
and  resistant  before  the  growth  of  the  surrounding  parenchyma  has  ceased;  and 
when  this  is  the  case  a  tension  remains  which  is  further  increased  by  the  extra- 
ordinary capacity  of  the  parenchyma  for  becoming  turgid. 

If  we  now  attempt  to  give  an  account  of  the  causes  which  render  the  tension 
at  first  (when  in  the  bud)  imperceptible  in  the  internodes  of  erect  rapidly-growing 
stems,  and  make  it  subsequently  increase  and  finally  altogether  disappear  when  the 
internodes  are  fully  mature,  we  find  that  we  must  content  ourselves  with  probable 
conjectures  rather  than  with  fully  demonstrated  propositions. 

The  origin  of  tension  between  the  layers  must  in  any  case  be  referred  mainly 
to  differences  in  the  growth  of  the  cell-walls  of  such  a  nature  that  the  intercalation  of 
fresh  material  takes  place  less  rapidly  in  those  of  one  layer  than  in  those  of  another ; 
and  it  is  especially  manifest  in  those  cases  in  which  the  cell-waOs  subsequently  undergo 
thickening.  From  the  first  of  these  causes  the  layers  which  lengthen  more  slowly  are 
placed  in  a  state  of  passive  tension  by  those  that  grow  more  rapidly;  while  the  second 
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cause  diminishes  their  extensibility  to  an  increasing  extent,  especially  when,  as  in 
the  xylem  of  the  fibro- vascular  bundles,  the  cell-walls  become  lignified,  which  renders 
them  capable  of  resisting  extension.  The  more  quickly,  on  the  other  hand,  the  thin 
cell-wails  in  the  pith  and  parenchyma  generally  increase  in  size  (especially  in  length) 
by  superficial  growth,  the  stronger  becomes  the  tension  of  the  passively  stretched 
layers  of  tissue.  To  this  must  be  added  the  peculiar  power  of  the  medullary 
cells  to  absorb  water  from  the  older  parts  with  great  force  and  rapidity,  and  thus 
to  maintain  themselves  in  a  state  of  the  highest  turgidtty.  This  distends  the  pith 
independently  of  the  superficial  growth  of  its  cell-walls,  and  besides  influencing  the 
more  slowly  growing  layers  of  tissue,  also  contributes  to  increase  the  superficial 
growth  of  the  cell-walls  of  the  pith.  If  the  woody  bundles  then  become  lignified  as 
the  (issues  become  more  developed  internally,  and  the  resistance  of  the  epidermis, 
which  is  constandy  becoming  more  cuticularised,  becomes  too  great,  these  tissues 
oppose  an  insuperable  resistance  to  the  further  distension  of  the  pith  by  growth  and 
turgidity,  and  no  further  elongation  of  the  internode  is  possible.  The  tendency  of 
the  pith  to  expand  ceases;  its  cells  lose  their  turgidity,  they  give  off  their  water 
to  adjacent  tissues,  and  become  filled  with  air. 

According  to  this  view,  which  has  been  fully  established  in  the  main,  the  actual 
motive  power  of  growth  in  internodes  emerging  from  the  bud-condition  is  the  pith, 
and  the  thin-walled  parenchyma  generally.  It  is  only  the  force  thus  exercised  that 
causes  the  other  tissues  to  increase  in  length  as  long  as  they  are  sufficiently 
extensible.  The  extraordinary  absorbent  power  possessed  by  the  pith  enables  it 
when  growing  to  withdraw  the  water  from  the  surrounding  layers  of  tissue,  and 
thus  prevents  the  cells  from  becoming  more  strongly  turgid,  neutralising  by  this 
means  one  of  the  causes  of  the  superficial  growth  of  the  cell-walls.  It  must  also 
be  remembered,  as  has  already  been  shown  (Fig.  47S),  that  the  turgidity  of  the 
cells  of  the  stretched  layers  is  even  diminished,  while  that  of  the  compressed  cells 
(in  the  pith)  is  increased  by  the  tension;  and  we  consequently  have  here  another 
cause  of  differences  in  the  superficial  growth  of  the  cell-walls.  Finally,  it  must 
be  borne  in  mind  that  the  internodes,  at  least  of  land-plants,  are  exposed  to 
transpiration  as  soon  as  ihey  emerge  from  the  bud ;  but  this  cause  of  diminished 
turgidity  will  affect  chiefly  the  epidermal  cells  and  the  subjacent  layers,  least  of 
all  the  pith, 

The  great  importance  which  is  here  attached  to  turgidity  as  a  cause  of  growth 
is  justified  by  the  fact  that  the  growth  of  the  internodes  is  at  once  stopped  by  its 
decrease,  1.  e.  by  the  withering  of  the  shoot ;  while  it  is  promoted  by  its  increase, 
1'.  e.  the  growth  of  the  shoot  in  water  or  damp  air. 

The  first  and  most  efficient  cause  of  the  tension  of  tissues  in  a  growing  inter- 
node is  therefore  the  different  capacity  for  turgidity  of  the  different  tissues ;  this 
depending  partly  on  the  nature  of  their  fluids,  partly  on  the  structure  of  their  cell- 
walls,  and  partly  on  their  relative  position  in  the  internode.  A  more  secondary  place 
must  be  assigned  to  the  swelling  of  the  cell-walls  caused  by  imbibition  ;  since  it  may 
be  assumed  that  even  when  the  turgidity  of  the  cell  is  slight,  the  cell-wall  still  obtains 
sufficient  water  to  satisfy  its  capacity  for  imbibition.  If  it  were  directly  dependent  on 
this,  all  the  layers  of  tissue  would  grow  equally  rapidly,  even  when  the  turgidity  was 
small,  or  had  entirely  disappeared.  I  rather  hold  the  state  of  the  case  to  be  ihat 
3  F 
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when  the  cell-wall  is  passively  distended  by  turgidity  or  by  the  tension  of  the  sur- 
rounding layers  of  tissue,  it  is  only  enabled  to  deposit  fresh  substance  in  the  direc- 
tion of  its  surface  when  perfectly  saturated ;  this  does  not  however  imply  that  other 
causes  do  not  cooperate  in  promoting  the  intercalation. 

The  importance  of  turgidity  as  a  cause  of  growth  may  be  very  strikingly  illus- 
trated in  the  case  of  isolated  cylinders  of  pith,  as  we  shall  show  presently. 

When,  in  consequence  of  their  separation,  the  tissues  which  were  in  a  state 
of  passive  tension  become  suddenly  shorter,  and  the  pith  which  was  in  a  state  of 
positive  tension  suddenly  longer,  this  process  must  be  connected  with  a  corresponding 
change  in  the  form  of  the  cells';  the  cells  which  contract  must  at  the  same  time 
become  wider  in  diameter,  while  those  of  the  pith  which  lengthen  must  on  the  con- 
trary become  narrower.  It  is  impossible  however  to  measure  directly  these  changes 
of  diameter,  which  are  so  small  that  ordinary  methods  are  inapplicable. 

It  is,  however,  a  necessary  consequence  of  what  has  been  said  that  the  passive 
lengthening  of  the  epidermal  cells,  &c.  in  a  growing  intemode  makes  them  narrower; 
the  )Oung  epidermis  miat  therefore  be  too  narrow,  besides  being  too  short  for  the 
inner  masses  of  tissue.  Similarly  the  pith,  being  prevented  from  elongating  in  the 
growing  internode  by  the  surrounding  layers,  must  in  consequence  have  a  tendency 
to  enlarge  transversely;  besides  being  too  long  for  the  elongated  tissues,  it  will 
also  be  too  thick  for  them,  and  must  have  a  tendency  to  force  them  apart.  It 
follows  therefore  from  the  longitudinal  tension  which  has  been  observed  in  the 
layers  of  tissue  of  a  growing  organ,  that  a  transverse  tension  must  also  exist  in  it 
of  such  a  nature  that  the  outer  layers  are  in  a  state  of  passive  tension,  while  the 
medullary  cells  which  are  prevented  from  lengthening  have  a  tendency  to  dilate 
transversely. 

If  thick  transverse  sections  ^  from  growing  stems  are  cut  radially,  they  gape 
open,  evidently  because  the  epidermis  contracts  in  the  peripheral  direction,  having 
been  previously  of  too  small  circumference  for  the  inner  tissue,  in  other  words,  in 
a  state  of  passive  tension.  The  tendency  of  the  medullary  cells  which  are  pre- 
vented from  lengthening  to  become  broader  transversely  does  not  appear,  on  the 
other  hand,  to  be  always  hindered  by  the  surrounding  wood  and  cortical  tissue,  but 
often  to  be  even  promoted  by  them  ;  so  that  these  layers  of  tissue  which  surround 
the  pith  grow  more  rapidly  in  the  peripheral  direction  than  does  the  pith  itself,  and 
therefore  exercise  a  radial  traction  upon  it.  A  striking  proof  of  this  phenomenon  is 
afforded  by  the  frequent  formation  of  cavities  in  stems  and  leaf-stalks  at  the  time 
and  place  where  the  growth  in  length  is  most  rapid.  The  increase  in  thickness  of 
the  pith  is  not  sufficient  to  fill  up  the  space  which  is  enclosed  by  tlie  surrounding 
tissues,  and  which  increases  in  size;  its  cells  separate  in  the  longitudinal  diiection, 
and  the  woody  cylinder  remains  clothed  on  the  inside  by  a  layer  of  pith,  the  longi- 
tudinal tension  of  which  still  continues.     The  existence  of  an  outward  traction  upon 

'-  Any  conaderable  change  in  the  volume  of  the  medullary  cells  when  isolated  must  not  indeed 
be  expected,  wheu  it  is  recollected  that  neilher  the  water  contained  in  ihe  cells  nor  the  cell-walls 
permeated  with  water  alter  their  volume  under  the  forces  exerted  in  this  ease.  An  alteration  in  the 
volume  of  the  entire  pith  could  at  most  arise  from  a  change  in  the  size  of  the  intercellular  spaces  in 
consequence  of  the  change  in  form  of  the  cells. 

^  Sachs,  Experimental-Physiologic,  p.  471. 
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become  lignified,  the  [.ith  exerts  an  outward  pressure.  This  is  accompanied  later, 
when  the  tangential  growth  of  the  wood  and  cortex  is  more  rapid,  by  an  outward 
traction,  which  at  length  becomes  so  strong  as  to  exceed  the  tendency  of  the  pith 
to  dilate  transversely.  The  pith  is  therefore  now  actually  in  a  state  of  passive 
tension  transversely  (and  at  the  same  time  compressed  longitudinally),  until  at  length 
the  cells  in  the  centre  of  the  pith  become  detached  from  one  another,  and  a  hollow 
is  formed,  if  the  whole  does  not  lose  its  sap  and  become  dried  up,  as  for  example 
in  the  Elder.  Kraus  observed '  that  the  medullary  cells  of  an  internode  are  longer 
when  it  is  growing  than  when  mature;  but  this  is  to  be  attributed,  in  accordance 
with  what  has  been  said,  to  the  loss  by  the  cells  of  the  pith  of  their  power  of 
elongating  when  isolated.  In  the  internode  they  are  certainly  not  at  first  longer, 
and  are  afterwards  actually  shorter ;  the  difference  is  only  observable  on  isolation, 
and  indicates  that  these  cells  at  length  lose  the  property  of  changing  their  form  when 
isolated,  or  in  other  words  become  rigid. 

The  views  here  brought  forward  respecting  the  tension  of  the  tissues  of  growing 
internodes  and  leaf-stalks  are,  I  think,  supported  by  the  fact  that  the  sudden  and 
very  considerable  lengthening  of  the  pith  at  the  moment  of  its  separation  from  the 
surrounding  layers  of  tissue  is  followed  by  a  slow  lengthening  which  lasts  for  some 
days,  while,  on  the  contrary,  tfie  cortex  and  epidermis,  which  are  in  a  state  of  passive 
tension,  scarcely  experience  afterwards  any  perceptible  contraction  (but,  according  to 
Kraus,  do  not  become  longer  even  when  placed  in  wafer).  This  subsequent  length- 
ening of  the  isolated  pith  takes  place  with  extreme  force  when  it  absorbs  water, 
as  Kraus  has  already  shown ;  but  the  lengthening  also  continues  in  dry  air  when 
the  pith  even  loses  small  quantifies  of  its  water,  a  point  which  had  been  previously 
overlooked.  ' 

The  isolated  cylinder  of  pith  of  a  growing  internode  is  very  flaccid,  flexible,  and 
extensible ;  but  if  placed  in  water  it  soon  becomes  tense,  rigid,  and  elastic,  longer 
and  apparendy  also  thicker.  The  lengthening  may  amount  in  a  few  hours  to  as 
much  as  40  p.  c,  or  even  more,  These  phenomena  are  explained  if  we  suppose 
the  contents  of  the  medullary  cells  to  be  very  strongly  endosmotic*,  by  which  they, 
become  in  a  high  degree  turgid,  and  thus  not  only  increase  considerably  in  size, 

'  Bot.  Zeitg.  186;.  p.  112. 

'  Notwithstanding  this  powerful  endosmose,  the  amount  of  solid  substance  dissolved  in  ihe 
cell-sap  of  the  parenchyma  is  very  small,  as  is  shown  by  the  fact  that  in  cylinders  of  pith  of  this 
kind  I  found  the  dry  weight  only  from  2  to  5  p.  c,  a  considerable  portion  of  which  belonged  to  the 
cell- walls  and  ptotoplitsm. 
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but  also  become  more  rigid.  The  considerable  increase  in  size  presupposes,  how- 
ever, from  the  rapidity  with  which  it  takes  place,  great  extensibility  in  the  cell- 
walls.  Isolated  prisms  of  ptth  exposed  to  the  air  become  shorter  even  than  the 
length  they  possessed  in  the  intemode';  the  cell-walls  which  were  previously  in 
a  state  of  tension  evidently  contract  elastically,  as  the  turgidity  diminishes  from  loss 
of  water. 

But  if  care  is  taken  that  isolated  cylinders  of  pith  do  not  absorb  any  water, 
while  at  the  same  time  they  can  only  lose  a  very  small  quantity  of  it,  by  enclosing 
them  in  a  glass  tube  containing  about  i  litre  of  dry  air,  they  nevertheless  continue  to 
lengthen  perceptibly  for  some  days,  although  not  so  considerably  as  when  they 
absorb  water;  and  this  lengthening  affects  chieUy  the  older  parts,  while  the 
youngest  parts  sometimes  contract.  The  whole  cylinder  becomes  dry  and  rigid 
on  the  surface.  Out  of  a  large  number  of  observations  the  following  may  be  chosen 
to  elucidate  this  point, 

A  prism  of  pith  from  a  part  of  a  shoot  of  Senecio  umbrosus  235-5  •i^'^-  long, 
lengthened  about  5*7  p.  c.  on  isolation,  and  weighed  53  grammes.  It  was  divided 
into  three  parts  by  marks  of  Indian  ink;  their  lengths  being: — i.  (the  oldest)  100  mm., 
ii.  100  mm.,  iii.  (tlie  youngest  piece)  49  mm.  The  prism  of  pith  was  now  fixed  in 
a  dry  glass  tube,  which  was  then  corked  at  both  ends.  After  fourteen  hours  the 
parts  had  lengthened  as  follows : — part  i.  about  4-5  mm.,  part  ii.  about  6-5  mm.,  part 
iii.  about  2  mm.  or  4-1  p.  c,  while  the  pith  had  lost  o-i5grm.  of  water.  After  re- 
maining for  twenty-six  hours  more  in  the  glass  tube  the  following  further  changes 
had  taken  place ;  part  i.  had  again  lengthened  about  s'S mm.,  part  ii.  about  05 mm., 
while  the  length  of  part  iii.  had  diminished  about  0*5  mm.  No  further  loss  of 
■water  had  taken  place,  because  the  glass  tube  had  become  covered  with  moisture. 
The  piih  was  now  placed  in  water,  and  after  six  hours  the  following  increase  of 
length  had  taken  place:— in  part  i.  about  i8mm.  or  i6'8  p.  c.,  in  part  ii.  about 
23  mm.  or  ai-6  p.  c,  in  part  iii.  about  11  mm.  or  21 '6  p.  c.  (as  compared  with  the 
length  before  placing  in  water).  The  pith  had  also  become  considerably  thicker, 
having  absorbed  6  grammes  of  water.  The  esdmation  of  the  dry  weight  showed  that 
the  pith  contained  only  o'2  a  grm.  of  solid  substance  ;  this  was  combined,  when  the 
pith  was  isolated,  with  5'o8  grm.  of  water;  it  subsequently  lost  0-15  grm.,  but  by  the 
end  of  the  experiment  had  again  absorbed  6  grm.  At  first  therefore  the  pith  con- 
tained 4'z3p.c.,  at  last  only  i'97p.c.  of  solid  substance.  Experiments  of  this 
kind  show  that  the  pith  of  the  youngest  internodes  loses  its  water  most  easily  by 
evaporation,  as  is  shown  by  its  decrease  in  length,  Kraus  was  led  by  other  ex- 
periments to  the  same  conclusions;  and  he  also  showed— not  in  contradiction,  as 
he  thought,  but  in  harmony  with  these  results  {I.e.  p.  123) — that  the  older  pith  of 
growing  internodes  attracts  water  more  powerfully  and  expands  more  than  the 
younger. 

If  the  question  is  now  asked  how  the  lengthening  of  the  pith  can  take  place  in 
spite  of  the  loss  of  water  (though  this  may  be  small),  it  must  first  of  ail  be  noted  that 
its  surface  becomes  remarkably  dry  under  the  circumstances  described.  It  is  scarcely 
possible  to  attribute  this  significant  desiccation  of  the  surface  to  the  small  loss  of 

'  KmtiS,  /.  <:.,  Tables,  p.  30. 
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water  indicated  by  the  weight ;  it  is  probably  rather  caused  by  the  inner  cells  of  the 
pith  withdrawing  water  from  the  outer  cells,  and  thus  lengthening;  but  the  outer 
cells  would  become  shorter  if  they  were  not  stretched  by  the  inner  ones.  That  this 
is  actually  the  case  is  shown  by  the  rigidity  of  the  pith  under  these  circumstances, 
caused  by  the  tension  that  subsists  between  the  dry  outer  layer  and  the  moister 
itmer  mass.  If  the  prism  of  pith  is  divided  lengthwise,  the  parts  curve  outwards ; 
and  sometimes  the  outer  surface  becomes  even  strongly  concave.  If  the  inner  cells 
of  the  pith  are  able  to  withdraw  water  from  the  outer  ones,  it  may  be  inferred  that 
the  outer  cells  are  also  able  to  withdraw  it  from  the  surrounding  wood  and  especially 
from  the  peripheral  tissues,  preventing  these  from  becoming  strongly  turgid ;  their 
growth  being  thus  retarded  in  favour  of  that  of  the  pith,  by  which  they  are  now 
placed  in  a  state  of  passive  tension.  It  is  noteworthy  that  the  medullary  cells  which 
contain  a  minimum  quantity  of  dissolved  substances  nevertheless  absorb  water  suffi- 
ciently powerfully  to  abstract  it  from  the  surrounding  tissues  which  must  evidently 
contain  a  much  greater  quantity  of  dissolved  substances. 

It  is  now  dear  from  the  observations  which  have  been  described,  why  portions 
of  shoots  cut  lengthwise  in  half  or  in  four  and  placed  in  water  curve  outward  to 
such  a  remarkable  extent ;  and  why  a  curvature,  which  may  be  small  but  continues 
to  increase  for  some  time,  takes  place  when  such  pieces  are  placed  in  a  closed  glass 
tube  in  dry  air. 

(z)  Transverse  lension  caused  hy  subsequent  growth  in  thickness  of  ike  toood^.  It 
has  already  been  shown  that  transverse  tensions  also  arise  during  growth  which  are 
caused  by  the  longitudinal  tension;  a  more  exact  knowledge  of  these  is  still  a 
desideratum.  With  the  commencement  of  the  increase  in  thickness  of  the  stem  by 
means  of  the  cambium-ring,  a  new  cause  of  tension  arises,  acting  in  both  a  radial 
and  peripheral  direction ;  and  this  transverse  tension  generally  continues  as  long  as 
the  cambium-ring  remains  active.  The  layers  of  tissue  formed  from  the  cambium- 
ring  have  at  first  a  tendency  to  expand  in  the  tangential  direction  to  an  extent 
greater  than  the  space  enclosed  by  the  epidermis  and  the  primary  cortex  permits. 
These  outer  tissues  therefore  become  stretched  in  the  peripheral  direction;  and, 
since  they  are  elastic  and  have  a  tendency  to  contract,  they  exert  a  pressure  in  the 
radial  direction  on  the  cambium  and  the  tissue  formed  from  it.  It  happens  however 
also  that  the  rings  of  wood  produced  on  the  inside  of  the  cambium  grow  more 
strongly  in  the  tangential  direction  than  the  phloSm  produced  on  the  outside,  which 
is  therefore  passively  stretched.  A  tension  is  hence  set  up  in  the  transverse  diameter 
of  tbe  stem  during  its  increase  in  thickness  of  such  a  kind  that  each  layer  is  stretched 
peripherally  on  its  outside  and  compressed  radially  on  its  inside ;  in  other  words,  is 
in  a  state  of  negative  tension  on  its  outside,  of  positive  tension  on  its  inside.  If  the 
separate  layers  of  a  transverse  segment — epidermis,  primary  cortex,  phloSm,  and 
xylem — are  separated,  and  their  peripheral  length  compared,  we  get  the  following 
expression  for  the  transverse  tension : — 

E  <  C  <  Ph  <  X. 
As  the  increase  in  thickness  proceeds  the  transverse  tension  increases,  as  is  shown 


'  [See  Detlefsen,  Ueb.  Dickenwachsthum  cylindriseher  Organe,  Arb.  d,  bot.  Inst,  in  Wiirzburg, 
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by  Krausb  verj  complete  e\penments  ;  i  if  the  rings  of  ti'^sue  in  a  transiers'' 
section  of  the  stem  or  in  a  woody  branch  are  separated  from  one  another  by 
dividing  it  longitudiniUj  and  then  separating  the  rings  thej  contract  the  more  the 
nearer  they  he  to  the  circumference  and  the  contraction  is  the  more  considerable 
compared  with  the  onginal  urcumference  of  the  whole,  ihe  older  the  mternode  from 
which  the  section  is  taken  The  traction  upon  the  cells  of  the  epiderm  s  and  of  the 
primal)  cortex  caused  by  the  transverse  tension  is  easih  ob  erved  by  the  microscope 
in  the  transverse  section,  if  joun^  internodes  of  j  lants  which  increase  rapidly  in 
thickness  as  Hdtinthus  Huinus,  or  Hibes  are  conrpared  -with  those  which  have 
ilreidy  been  forming  wood  for  some  weeks  or  months  The  form  of  the  cells 
shons  that  they  have  been  stretched  m  the  peripheral  direction  {see  Jig  56)  and 
hue  in  consequence  grown  rapidlj  in  that  direction  the  cells  whiLh  haie  been 
thus  altered  in  form  are  divided  by  radial  septi  But  it  length  the  epidermis  and 
primT.r)  cortex  are  no  longer  able  to  obey  the  peripheral  traction  longitudinal 
fissures  occur  in  the  cortical  tissue  generallj  after  the  commencement  of  the  forma 
tiOE  of  cork  \\hen  the  pendeim  and  cork  ha\e  been  formed  on  the  older  parts  of 
sten  s,  these  secondary  epidermal  tissues  undergo  a  continuous  stnin  in  the  pen 
pherai  direction  and  exert  in  turn  a  radial  pressure  on  the  living  phlo6m  cambium, 
and  xjlem  The  first  result  of  this  pressure  exe  ted  bv  the  growing  inner  tissues 
IS  the  splitting  of  the  layers  of  bark  especially  longuudinalb  The  form  of  the 
fissures  depends  however,  on  the  course  of  the  bundles  of  bast  which  take  part 
m  the  formation  of  the  bark,  and  on  other  relations  ot  the  tissues  to  one  another 
If  a  stem  does  not  m  its  growth  take  the  form  of  a  cylinder  or  slender  cone  but 
of  a  sphercal  tuber,  aa  in  Btaucarma  and  Tesludimrta,  the  layers  of  periderm  split 
apart  in  the  form  of  tolerably  regular  poljgons  which  cover  the  sphericil  surface 
of  the  stem  like  shields  These  examples  show  at  the  same  time  that  m  those 
Monocotyledons  also  which  |,row  in  thickness  tensions  are  produced  by  the  sub- 
sequent increase  of  the  stem  in  thickness  similar  to  those  caused  by  the  activity 
of  1  true  cambium  ring ,  for  in  this  case  it  is  rephced  bj  a  thickening  nng  m  which 
new  lajers  of  fibro  vascular  bundles  and  intermediate  parenchjma  are  constantly 
being  produced      (See  Fig   104) 

It  IS  evident  that  before  the  birk  splits  or  fissures  already  in  existence  become 
wider  and  penetrate  inwards,  the  tnnsierse  tension  must  attain  a  certain  intensity, 
which,  from  the  great  firmness  of  the  bark  cannot  be  inconsiderable  At  the 
moment  when  the  splitting  takes  phce  at  least  a  portion  of  the  tension  must,  how- 
ever be  destro)ed  This  is  clear!)  the  reason  why  the  transverse  tension  attains 
Its  ma-^imum  (measured  in  the  way  described  above),  as  Kraus  has  pointed  out, 
above  the  part  of  the  stem  where  the  scaling  oft  of  the  bark  begins  But  even  in 
annual  stems  which  increase  rapidly  m  thickness  as  Hdianlhus  Dahlia,  &c,  the 
transverse  tension  docs  not  progressivel)  increase  from  the  apei  to  the  root,  but 
attains  its  maximum  at  an  intermediate  height,  below  which  it  diminishes  An 
explanation  of  this  phenomenon  is  afforded  b)  the  fact  that  the  limit  of  the  elas- 
ticity of  the  bark  is  graduall)  exceeded  b)  the  long  continued  pressure  to  which 
It  Is  uhject  from  within,  and  that  the  cell  walls  which  are  strained  grow  at  the  same 
time  bj  intussusception,  and  thus  a  portion  of  their  tension  becomes  neutralised 

Whi'e  we  mav  consider  the  turgidity  of  the  pith  and  its  enormous  endosmotic 
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power  as  the  principal  cause  of  the  longitudinal  tension  of  growing  internodes  and 
leaf-stalks  before  they  become  lignified,  it  is  on  the  other  hand  probable  that  the 
imbibition  and  swelling  of  the  cell-walls  are  the  chief  cause  of  the  transverse  tension. 
The  wood,  where  the  transverse  tension  chiefly  originates,  is,  when  mature,  scarcely 
adapted  for  any  distension  by  turgidity ;  while  at  all  events  in  cells  or  vessels  with 
bordered  pits  it  is  altogether  impossible.  Closed  wood-cells,  when  turgidity  is 
possible  in  them,  cannot  however  expand  greatly;  since  their  own  wall  and  the 
woody  substance  which  surround  them  are  far  too  inextensible  lo  stretch  to  any 
considerable  extent  under  the  influence  of  hydrostatic  pressure.  It  has,  on  the  other 
hand,  been  already  shown  (Sect.  13)  what  considerable  alterations  of  dimension  the 
wood  experiences  especially  in  the  peripheral  and  radial  direction  simply  by  imbi- 
b  E      y  layer  of  wood  freshly  formed  on  the  inside  of  the  cambium-ring  has 

a     nd  n       o  grow  wider  in  the  peripheral  direction,  as  long  as  the  supply  of  water 
uffi     n       cause  a  decided  swelling  of  the  cell-walls.     The  cambial  tissue  is  by 
h  an         etched  tangentially,  and  the  enlargement  of  its  cells  thus  caused  is 

n  d    by    urgidity;    and    from  the  thinness  of  their  walls  it  may  be  assumed 

h  1        urgidity  that  protects  them  from  becoming  destroyed  by  compression 

between  the  wood  and  the  bark.  The  elements  of  the  secondary  phlofim — the  bast- 
cells  and  the  phloem- parenchyma — can  scarcely  experience  any  great  change  of 
dimensions  owing  to  the  swelling  of  their  cell-walls ;  the  former  are  indeed  thick- 
walled,  but  they  are  not  so  arranged  as  to  form  a  layer  which  increases  in  size  from 
this  cause.  The  cells  of  the  latter  have  such  thin  walls  that  their  swelling  produces 
but  little  expansion,  and  experience  teaches  that  they  do  not  increase  much  in  size 
in  consequence  of  turgidity.  Finally,  the  periderm  and  the  bark  dry  up  and  contract, 
if  not  to  any  great  extent,  yet  with  considerable  force. 

The  experience  of  every  year  shows  that  the  fissures  in  the  bark — especially 
of  thick  trunks  at  the  end  of  winter  in  February  and  March — become  deeper  and 
wider,  evidently  in  consequence  of  the  great  swelling  of  the  wood,  which  at  this 
time  contains  the  greatest  quantity  of  water;  while  the  bark  had  time  to  dry  up 
and  contract  during  the  dry  weather  in  winter.  If  the  fissnres  increase  in  width 
by  the  strong  tension  thus  produced — which  can  be  easily  seen  when  fresh — the 
damp  weather  in  spring  causes  the  bark  to  swell ;  the  tension  between  it  and  the 
wood  becomes  much  less,  and  the  production  of  wood  now  begins  afresh  in  the 
cambium.  While  the  wood  is  becoming  thicker  during  the  summer,  the  bark  dries 
up  and  shrinks,  and  the  tension  between  the  outside  and  inside  again  increases, 
to  cease  once  more  in  the  following  spring.  Not  only  does  an  annual  period  of 
transverse  tension  thus  arise,  but  this  is  also  the  cause,  as  we  sliall  see  presently, 
of  the  difference  between  the  spring  and  autumn  layers  of  wood. 

The  statements  made  in  this  section  may  be  briefly  summed  up  as  follows  r— The 
tissues,  at  first  homogeneous,  become  first  of  all  differentiated  in  such  a  manner  that 
chemico-physical  differences  are  set  up,  in  consequence  of  which  certain  layers,  espe- 
cially the  pith,  absorb  the  water  in  the  tissues  more  strongly  than  the  others,  and 
consequently  grow  more  rapidly ;  and  the  layers  which  are  less  turgid  and  grow  more 
slowly  are  exposed  to  a  passive  traction  which  promotes  their  growth.     After  growth 

'  [Nevertheless  the  amount  of  water  of  imbibition  which  a  single  lignified  cell-wall  can  take  up 
is  small.    (See  Sachs,  Ueb,  d.  Porositat  des  Holies,  Arb.  d,  bot.  Inst,  in  WiirKbui^,  II.  i,  i?7<).)] 
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in  length  has  ceased  it  is  principally  the  stronger  imbibition  and  swelling  of  the  wood 
that  presses  the  surrounding  layers  of  tissue  outwards  and  promotes  their  peripheral 
growth. 

The  intensity  of  the  longitudinal  and  transverse  tensions  consequently  depends  mainly 
on  the  addition  of  water  to  the  turgeseent  pith  and  the  swelling  wood ;  any  decrease 
of  the  turgidity  of  the  pith  must  cause  it  to  contract,  and  hence  the  whole  shoot  to 
become  shorter  and  flaccid.  This  is  in  complete  accord  with  observation,  since  withered 
shoots,  i.  e.  such  as  have  lost  water  by  transpiration,  have  not  only  become  shorter  but 
also  flaccid.  Any  diminution  of  the  amount  of  water  absorbed  by  the  wood  must  in  the 
same  manner  diminish  the  transverse  tension  and  the  diameter  of  the  shoot.  A  small 
loss  of  water  in  the  peripheral  tissue  when  in  a  state  of  passive  tension  does  not  on 
the  other  hand  usually  cause  directly  any  considerable  increase  in  its  tendency  to  con- 
tract ;  since  the  increase  in  its  size  due  to  turgidity  and  imbibition  are  generally  much 
less  considerable  than  in  the  pith  and  wood. 

If  now  there  are  circumstances  which  cause  a  daily  periodic  change  in  the  quantity 
of  water  contained  In  the  tissues,  the  result  will  be  also  a  periodic  increase  and  decrease 
in  the  intensity  of  the  longitudinal  and  transverse  tensions.  Such  a  daily  periodicity  of 
the  tension  has  been  actually  discovered  by  Kraus  [l.  c.  p.  122),  who  has  observed  that 
the  longitudinal  tension  estimated  by  the  dilFersnce  in  length  of  the  pith  and  the  bark, 
as  well  a;  the  transverse  tension  estimated  by  the  contraction  of  the  bark  when  detached 
from  woody  stems,  decrease,  under  the  normal  conditions  of  life,  from  early  morning 
till  midday  or  early  in  the  afternoon,  when  they  reach  their  minimum,  and  then  again 
increase,  attaining  their  maximum  early  the  next  morning.  Millardet  determined  this 
periodicity  in  quite  a  different  way ;  and  since  the  objects  on  which  he  experimented 
permitted  an  exact  measurement,  he  detected  in  addition  an  increase,  usually  small, 
of  the  tension  in  the  afternoon.  Notwithstanding  the  statements  of  Kraus— which 
are  partly  opposed  to  this  conclusion,  but  on  the  whole  confirm  it — 1  am  inclined  to 
attribute  this  periodicity  chiefly  or  altogether  to  the  variation  in  the  amount  of  water 
contained  in  the  tissues  of  the  plant  at  different  periods  of  the  day.  When  transpiration 
is  greatly  diminished  during  the  night,  the  quantity  of  water  in  the  plant  must  in- 
crease, and  with  this  the  tension;  and  conversely  the  increase  of  transpiration  during 
the  early  part  of  the  day  must  diminish  the  tension.  Space  does  not  permit  me  to 
give  in  detail  the  opposing  statements  of  other  observers ;  but  this  will  be  done  in 
part  further  on.  Here  I  need  only  point  out  that  the  periodicity,  especially  of  the 
longitudinal  tension,  may  possibly  be  also  directly  dependent  on  light,  independently 
of  the  heat  which  accompanies  the  light  and  of  the  increase  of  transpiration  caused 
by  it  [although  this  cannot  be  proved  by  Kraus's  experiments,  I.e.  p.  125).  As  far  as 
concerns  a  daily  periodicity  Independent  of  temperature,  light,  and  the  amount  of  water 
contained  in  the  tissues,  I  could  only  admit  it  when  any  other  explanation  of  the 
phenomena  was  shown  to  be  impossible.  At  present  this  is  not  the  case.  From  the 
intimate  dependence  and  correlation  of  growth  and  tension,  from  the  fact  discovered 
by  me'  that  the  daily  periodicity  of  growth  in  length  coincides  in  every  particular 
with  the  daily  periodicity  of  tension  observed  by  Millardet  and  Kraus,  and  that  it  is 
catised  simply  by  changes  in  temperature  and  light,  I  consider  it  very  probable  that 
the  daily  periodicity  of  tension  is  also  dependent  on  these  agencies.  On  the  one  hand 
they  infliience  growth  and  through  it  the  tension,  while  on  the  other  hand  they  affect 
the  amount  of  water  contained  in  the  tissues  by  modifying  transpiration  and  its 
conduction  fi-om  the  roots.  Like  all  other  periodic  phenomena  of  vegetable  life, 
that  of  tension  requires  a  very  careful  investigation  of  its  external  catises  before  we 
resort  to  the  last  expedient  of  assuming  internal  periodic  changes,  of  which  no  explana- 
tion can  be  given  in  the  present  stale  of  our  knowledge". 

'  Arbeiten  des  Bot.  Inst,  in  WUrzburg,  \%-j-2,  I,  Heft  a.  p.  168. 

*  [A  daily  periodicity  of  Ihickuess  in  the  trunks  of  trees  has  been  detected  by  Kaiser  (Ueb.  die 
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Sect.  16, — Modifteation  of  Growth  caused  by  Pressure  and  Traction. 

Cells  or  whole  masses  of  tissue  may  be  subjected  to  pressure  and  traction  in  very 
different  ways.  On  the  one  hand  these  forces  may  result,  in  a  perfectly  normal 
manner,  from  the  tension  of  the  tissues ;  on  the  other  hand,  external  and  more 
accidental  circumstances  may  cause  single  cells  or  masses  of  tissue  to  be  com- 
pressed or  stretched  in  particular  places  by  solid  bodies,  or  tissues  to  become 
accidentally  freed  from  the  pressure  and  traction  to  which  they  are  normally  subject. 
The  numerous  phenomena  which  indicate  or  prove  that  growth  is  altered  in  this 
way  have  however  at  present  been  exactly  investigated  from  this  point  of  view  in 
only  a  few  cases.  The  following  will  therefore  only  serve  to  draw  attention  to  a 
subject  further  discoveries  in  which  will  doubtless  contribute  largely  to  the  establish- 
ment of  a  mechanical  theory  of  growth. 

I.  Every  cell-wall  is  subject  to  Pressure  from  within,  by  which  it  is  distended, 
so  long  as  the  cell  is  turgid.  But  since  the  daily  experience  of  microscopists 
teaches  us  that  all  growing  cells  are  turgid ;  and  that  no  cell  which  is  unable  to  be- 
come turgid  in  consequence  of  openings  in  its  cell-walls  has  any  power  of  growth ; 
and  that  withered  internodes,  leaves,  and  roots  do  not  grow,  while  these  organs 
grow  more  rapidly  the  more  strongly  turgid  they  are,  it  may  be  inferred  that  turgidity 
is  an  essential  condition  of  the  growth  of  the  ceil-wail'.  This  appears  to  a  certain 
extent  intelligible  if  Nageli's  theory  of  growth  and  Traube's  experiments  on  artificial 
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sibility,  turgidity,  and  growth  \>y  intussusception.     It  must  be  borne  in  mind  that 

tagliclie  Periodicitat  der  Dickendimensionen  der  Ba  n  t  nm  D  Inaug.,  Halle  1879).  See  also 
Kraus,  Ueb.  Wasservettheilung  in  der  Pflanze,  III  D  t  gli  h  S  hwellimgsperiode  der  Pflanzen, 
Halle  1881,] 

'  [De  Vries  has  shown  (Mechan,  Ursachen  d  Z  II  t  k  g)  th  t  when  a  growing  intemode  is 
placed  in  a  5-10  per  cent,  solution  of  a  neutral  It  t  cell  1  se  their  turgidity,  and  that  growth 
ceases;  when  tlie  salt  solution  is  washed  out  with  d  1 11  d  wat  th  cells  reg^o  their  turgidity  and 
growth  is  resumed.  Soiauer  (Bot.  Zeitg.  1878)  has  p  t  d  t  that  individuals  grown  in  dry  air 
are  much  smaller  than  others  of  the  same  species  gr  w        m     t  These  facts,  and  many  others 

which  might  be  mentioned,  show  the  dependence    fg       th    p      t    gidity.] 
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the  rapidity  of  the  growth  of  cells  is  in  proportion  to  the  thinness  and  therefore 
the  extensibility  of  their  walls.  The  growth  in  thickness  of  the  cell  wall  usually 
begins  when  the  increase  of  the  cell  in  volume  begins  to  diminish  or  has  altogether 
ceased. 

If  then  the  distension  of  the  cell-wall  caused  by  turgidity  is  the  origin  of  its 
superficial  growth,  something  similar  must  also  occur  when  the  cell-wall  is  stretched 
in  some  other  way  by  external  forces,  the  turgidity  being  less.  This  is  the  case 
with  the  epidermis  and  cortex  of  shoots  ■is  a  result  of  the  tension  of  the-  tissues. 
Since  in  long  internodes  and  leaves  these  cells  usuallj  grow  principally  in  the  longi- 
tudinal direction,  while  in  broad  leaf-blades  thej  assume  the  form  of  polygonal 
plates,  tiiis  may  be  referred  in  the  first  case  parth  to  the  traction  to  which  they  are 
subject  being  chiefly  in  the  longitudinal  direction,  in  the  second  case  to  its  being  in 
all  directions  parallel  with  the  surface '.  It  has  already  been  stated  that  the  cells  of 
the  primary  cortex  of  shoots  which  are  increasing  rapidly  in  thickness  are  not  merely 
stretched  but  also  grow  rapidly  in  the  tangential  direction  °. 

3.  Pressure  from  without  on  the  cell-wall  which  is  distended  by  turgidity  occurs 
in  a  very  simple  form  when  the  apices  of  growing  cells  come  into  contact  with  solid 
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'  For  furlher  details  on  the  possible  iufliieiice  of  teusioa  on  the  formalion  of  stomata,  see 
Pfitier,  Jahrb.  fiir  wiss.  Bot.  vol.  VII.  p.  542. 

"  On  the  connection  of  the  radial  and  peripheral  arrangement  of  rows  of  cells  in  a  transverse 
segment  with  the  increase  in  diameter,  see  the  lucid  description  of  Nageli  in  his  Dickenwachsthuni 
des  Stengels  bei  den  Sapindaceen,  Munich  1864,  p.  13  et  seq, :  [also  Detlefsen  (/oc.  ci/.).} 

'  Sachs,  Experimeiital-Pbysiologie,  p.  iSS. 

'  See  Book  I.  p.  26  [and  references  in  foot-note.     These  growths  are  frequently  tei-med  '  tyloses,'] 
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from  without  impedes  tlie  growth  of  the  cell,  independently  of  turgidity,  while  the 
growth  proceeds  unhindered  on  the  side  which  is  not  in  contact. 

But  the  mechanical  processes  by  which  pressure  on  an  organ  in  the  radial 
direction  impedes  its  growth  on  that  side  are  unknown.  The  soludon  of  the  question 
must  depend  in  the  first  place  on  whether  the  pressure  acts  on  the  cell-wall  direcdy 
or  in  some  way  or  other  through  the  protoplasm^. 

But  in  contrast  to  the  phenomena  which  have  now  been  described,  external 
pressure  also  sometimes  causes  growth  at  places  where  otherwise  there  would  he 
none.  Thus  Pfeffer  has  shown  °  that  certain  hyaline  superficial  cells  on  both  of 
the  fiat  sides  of  the  gemmK  of  Marchantia  possess  the  power  of  growing  out  into 
tubular  root-hairs  when  they  remain  in  contact  for  some  time  with  a  moist  solid 
body ;  while  contact  with  water  produces  no  effect  of  the  kind.  These  cells  usually 
develope  into  root-hairs  only  when  their  outer  surface  is  directed  downwards,  while 
those  on  the  upper  side,  not  being  in  contact  with  a  solid  body,  do  not  grow  out. 
This,  as  we  shall  see  presendy,  is  an  effect  of  gravitation,  which  is  however  over- 
come by  the  action  of  the  slight  continuous  contact,  since  this  causes  the  cells  on 
the  upper  side  of  the  gemma  also  to  grow  out  into  root-hairs.     The  'haustoria' 
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'  If  the  relation  between  protoplasm  and  the  growth  of  the  cell-Wall  were  better  knowi 
might  be  laid  on  the  fact  that  even  a  very  slight  pressure  on  the  cell-wall  disturbs  tl 
the  protoplasm,  and  may  even   cause  it  to  become  detached  from  the  cell-wall  (see  Holineisler, 
Lehie  von  der  PflaiiienKelle,  p.  s')- 

"  Arbeiten  des  Eot.  Inst,  in  Wijriburg,  Heft  I.  p,  2  2. 

'  [See  also  Darwin,  On  the  Movements  and  Habits  of  Climbing  Plants,  London  1875,  p.  84 
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they  dry  up  and  fall  off,  while  those  which  have  formed  discs  increase  in  thickness 
and  become  woody. 

I.  The  retarding  eff    t       gr     th    f  tip  th       11  ry      d    t 

in   the  formation  of  th  '        S  wood      I     th  1         d  t  f  tl  k 

I  called  attention  to  th    f    t  th  t  tl     1    g         d   I  d   m  c       f  th    wood      11  h 

portion  of  the  rings  fom    d        th      p      g       d  th        m  II         d    1  d   m  t  th    p 

tion  formed  in  the  autum      m  ght  p       bl)  d  p     d  i  fF  th     p    ss       f 

the  surrounding  bark  t    wl     h  th        mb    m      d  th  d  bj    t  th     p  es 

being   less,   as   we   hare     h  th       p      g        d       nst     tly  as    g   d        g   th 

summer.     This  hypoth         has  b     n  f  lly         fi        d  b>   H    d    \  t  g  t 

In  branches  two  or  thr       y  Id  1  as  d  th     p  ess  f  th    b    k       tl      p      g 

by  firmly  winding  string  round  them  at  p    t    ul      pi  Th         p  t    h        d 

all  eases,  firstly,  that  the  absolute  thickness  of  the  annual  ring  was  less  beneath  the  liga- 
ture than  the  mean  thickness  of  the  same  annual  ring  at  some  distance  above  or  below 
that  spot.  In  several  instances  the  difference  was  so  considerable  that  the  spot  where 
the  experiment  was  made  appeared  of  considerably  lesS  diameter  even  to  the  naked  eye, 
and  this  effect  was  increased  by  the  formation  of  cushions  of  wood  immediately  above 
and  below  the  ligature.  Secondly,  the  absolute  thickness  of  the  'autumnal  layer  "of 
wood  (up  to  the  middle  of  August,  when  the  increase  in  diameter  of  the  tree  on  which 
the  observations  were  made  ceased)  was  always  greater,  and  g  Uj  d  rably      , 

at  the  spot  where  the  experiment  was  made,  than  the  norn  1  th  kness  !  th  t  es 
examined  (Jeer  Pjeudo-platanus,  Salix  c'merea,  Popului  alba,  P        )  tl  t  m     1  d 

formed  at  this  spot    ons  sted  of  fibres  flattened  radially,  bet  h   h  m  I!  r 

number  of  vessels  tha     n  the  normal  wood;  its  composition  was  th      f        th  s 

that  of  the  nor  nal  autun  nal  wood.'  The  normal  autumnal  wood  f  ^  /  Ih  gl  id  - 
loia  consists  aln  t  ent  rely  of  wood-parenchyma-cel!s  flattened  radially ,  while  the 
autumnal  wood  tormed  beneath  a  ligature  made  in  May  consisted  of  a  thick  layer  of 
flattened  fibres  betwee  wh  ch  a  few  vessels  could  be  seen.  These  resuks  show  that 
when  the  pressure  s  ncre'^sed,  the  formation  of  the  autumnal  wood  begins  at  a  time 
when,  under  nornai  pres  ure  a  large-celled  woody  tissue  is  still  being  formed, 

A  diminut  on  f  pres,ure  s  obtained  by  making  radial  longitudinal  incisions  into 
the  hast-tissue  The  str  p  of  bast  contract  somewhat  tangentially,  since  their  tension 
ceases.  Near  the  incisions  the  pressure  of  the  bast  upon  the  wood  is  entirely  removed ; 
but  in  the  middle  between  two  adjacent  incisions  a  considerable  pressure  always  remains. 
The  fresh  portions  of  tissue  which  are  formed  next  to  the  wounds  differ  to  the  greatest 
extent  in  their  composition  from  the  ordinary  structure  of  the  wood.  A  layer  of  wood 
of  the  ordinary  structure  is  formed,  on  the  other  hand,  in  the  portions  of  the  cambium 
at  the  greatest  distance  from  the  incisions,  and  afterwards  also  on  the  outside  of  the 
abnormal  portions  of  tissue.  But  it  is  only  the  tissue  consisting  of  wood  formed  under 
artificially  diminished  pressure  that  we  have  at  present  to  consider.  The  incisions 
were  mostly  2  to  3  cm.  long,  and  were  made  in  the  periphery  of  two-  to  three- year-old 
branches  at  distances  of  from  4  to  6  cm.  in  the  middle  of  June  and  the  middle  of  July, 
and  therefore  after  the  formation  of  the  normal  autumnal  wood  had  already  begun. 
The  effect  of  the  decrease  of  pressure  was  first  of  all  shown,  after  the  branches  had 
been  cut  off  in  the  middle  of  August,  by  a  considerably  greater  increase  in  thickness 
at  the  spots  than  above  or  below  them.  On  the  transverse  sections  the  thickness  of 
the  annual  ring  was  greatest  near  the  incision  and  decreased  gradually  from  there  to 
the  middle  points  between  two  incisions.  The  layer  of  wood  formed  after  the  com- 
mencement of  the  experiment  was  often  more  than  twice  as  thick  at  the  former  as 
at  the  latter  spots.  For  a  more  exact  investigation  only  those  pieces  were  used  in 
which  a  layer  of  distinctly  flattened  fibres  of  autumnal  wood  had  been  formed  before 

>  H.  de  Vries,  Flora,  i3;j.  No.  i6. 
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the  incision  was  made.  But  in  a!]  cases  (the  trees  already  named)  the  wood  outside 
this  layer  of  autumnal  wood — and  therefore  all  that  was  formed  after  the  decrease  of 
pressure— consisted  of  fibres  which  were  not  at  all  flattened  radially,  but  had  the  same 
diameter,  or  even  one  somewhat  greater,  than  those  in  the  middle  of  the  normal 
annual  ring ;  it  contained  also  as  many  vessels,  or  even  more,  than  the  normal  wood. 
At  the  time  therefore  when  autumnal  wood  is  being  formed  in  the  normal  parts  of  the 
branches,  a  woody  tissue  is  produced,  if  the  pressure  is  artificially  diminished,  agreeing 
in  its  structure  with  the  ordinary  wood  formed  in  the  middle  part  of  the  annual 
ring.  For  the  normal  production  of  autumnal  wood  it  seems  therefore  necessary  for  - 
the  bark  and  the  bast  to  exercise  a  considerably  greater  pressure  on  the  cambium  and 
the  young  wood. 

These  results  explain  the  older  experiments  of  Knight  in  1801,  He  fastened  young 
apple-trees  with  a  stem  of  about  one  inch  diameter  so  that  the  lower  part,  about  three 
feet  long,  was  immoveable,  while  tl        pp       p    t       th   th     f  I    g  Id   be  d   under 

the  pressure  of  the  wind.     During  th     p     od    f      g  t  th       pp  ble  part  of 

the  stem  increased  considerably  in  d        t      tl     1  fi    d  p  rt      1)    1  ghtly.    This 

is  easily  explained  if  we  bear  in  m    d  th  t  th  j     g    f  th       pp      p  f  the  stem 

in  different  directions  by  the  wind  m  st     1      y    st     (  h  th     b    k         tl  ex  side,    " 

and   therefore   eventually  rekx   it       t   m     t   th       b  1m  d   th      fore   the 

pressure  of  the  bark  at  these  po    t  !      j     so         1    t  1  ■»  th         t  th     I  wer  and 

immoveable  parts  of  the  tree.    Th         pljn  t  P'  t  ly        fi       d  by  the  fact 

that  in  one  of  the  trees  which  cc   Id  b  )   d  by  th  d       Ij  therly  and 

southerly  direction,  the  diameter    ftht  asd        mh       thd     ction  as 

to  bear  the  proportion  of  13  to         as  p      d       th  th     d    m  t  tb     easterly 

and  westerly  direction.     It  is   ob  th  t  th  pi       t  h  probable 

than  that  given  by  Knight  himself  wh     th     ght  th  1    t  tl         p       the  wood 

!S  promoted  by  the  swaying  of  the  stem  caused  by  thi.  wmd 
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number  of  the  vessels  increased,  but  also  that  of  the  cells,  so  that  the  more  vigorous 
growth  of  the  cells  had  induced  more  numerous  divisions.  The  dry-weight  also  in- 
creased with  the  moisture  of  the  soil:  but  if  the  latter  exceeded  60  per  cent,  of  the 
quantity  of  water  necessary  for  complete  saturation,  tlie  dry-weight  began  to  diminish. 
It  appears  that  in  this  particular  also,  as  in  the  case  of  heat  and  light,  there  is  an 
optimum,  below  which  every  increase  is  favourable  but  above  which  it  is  injurious. 

Sect.  17.  Course  of  the  Growth  in  liOngth  under  Constant  External 
Conditions ',  It  has  already  been  explained  in  the  morphological  portion  of  this 
work  that  the  organs  of  a  plant  do  not  grow  simultaneously  and  uniformly  at  all 
points ;  but  that  roots  and  stems  always  increase  slowly  in  size  at  the  apex,  as  leaves 
also  do  at  least  at  first.  The  growing-cells  multiply  by  cell-divisions  ^I'hich  take  place 
regularly,  but  do  not  as  a  whole  exceed  a  cerfain  size,  which  is  always  small. 
Below  this  puncium  vegdalionis,  consisting  of  primary  merlstem,  not  only  does  the 
differentiation  of  the  homogeneous  tissue  into  layers  of  different  kinds  begin,  but 
also  a  more  rapid  increase  in  size  of  the  cells,  which  do  not  now  divide  so  often  as 
before.  In  the  parts  of  the  organ  which  lie  further  from  the  pifnclum  vegelationis 
cell-division  ceases  altogether  {but  at  different  periods  in  the  different  layers  of 
tissue),  while  the  growth  of  the  cells  still  actively  continues,  until  at  length,  when 
they  have  attained  their  ultimate  form  and  size,  the  growth  of  the  whole  ceases. 
The  cells  are  then  several  hundred  or  even  thousand  times  larger  than  at  the  time 
of  their  formation  beneath  the  puncium  vegeiationis.  When  the  growth  of  stems, 
leaves,  and  roots  has  reached  a  sufficiently  advanced  stage  of  development,  we  are 
ito  three  regions  : — (i)  the  puncium  vegeiaiionis, 
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'  Ohlert,  Laiigenwachsthum  der  Wurzel,  Linniea  1S3;.  vol.  XI.  p.  615. — Munter,  Bot.  Zeitg. 
'843,  p.  125,  andLinnKa,  1841,  vol.  XV.  p.  log.— Griesebach  in  Wi^mann's  Archiv.  1843,  p,  267.^ 
Sachs,  Jahrb.  fiir  wissensch,  Bot.  i86o,  vol.  II.  p.  339. — Miiller,  Bot.  Zeilg,  1869,  No.  24.— Sachs, 
Albeit,  des  Bot.  Inst,  in  Wurzbui|:,  187a,  Heft  U.  p.  102;  ditto,  Heft  III,  1873,  and  Jlora  1873, 
No.  21.— Asltenasy,  Flora  1873,  No  ij,  [and  Verhaudl.  d.  nat.-med.  Vereins  2U  Heidelbei^,  N.  F, 
Bd.  11,  1878,  Ueb.  eineneue  Methode  urn  die  VertheLlung  der  Wachsthurasintenaitat  lu  bestiinmen; 
Strehl,  Unters.  ueb.  das  Langenwachsthum  der  Wuricl,  DiiS.  Inaug.,  Leipzig  1874.] 
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as  soon  as  it  emerges  from  the  bud,  and  different  stages  of  growth  may  be  distin- 
guished in  it,  advancing  from  below  upwards.  This  may  take  place  in  two  different 
ways,  according  as  the  uppermost  or  lowermost  part  of  an  internode  remains  in  an 
undeveloped  condition,  the  other  end  being  completely  mature.  This  zone  which 
continues  for  some  time  in  an  undeveloped  state — cell-division  taking  place  actively 
in  it — is  commonly  found  at  the  upper  end  of  the  internode  {as  in  Phaseotus),  and  less 
frequently  at  the  lower  end,  and  this  usually  when  it  is  enveloped  by  closely  appressed 
leaf-sheaths  or  when  it 
U    b  11  f  h    bulbo 
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h  ta  f  s 

h  h        m 

p    d  d         in 


be  f 
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lip    d 


order.  Such  a  zone,  mtercalated  between  mature  portions  of  tissue,  maj  be  called 
an  Intercalary  Vegeialive  Zone.  The  growth  of  the  internode  or  leaf  may  he  termed 
basipetal,  in  contrast  to  the  acropetal  development  where  the  punctum  vegetalionis 
lies  at  the  apex  of  the  internode  or  leaf. 

According  as  the  conditions  of  growth — temperature,  the  supply  of  water,  and 
illumination— are  favourable,  these  phenomena  proceed  more  or  less  rapidly  and 
uniformly.  Every  young  cell  formed  at  the  punctum  vegetationis  grows  and  matures 
more  rapidly  the  more  favourable  these  conditions  are.  But  if  the  organs  are 
observed  under  the  most  constant  possible  conditions  as  they  emerge  from  the 
bud,  it  is  seen  that  their  growth,  both  in  length  and  thickness,  dependent  on  the 
gradual  development  of  the  cells,  does  not  advance  by  any  means  uniformly.  The 
growing  portion  of  a  root,  internode,  or  leaf  does  not  lengthen  to  an  equal  amount 
in  equal  consecutive  intervals  of  time ;  and  the  same  is  the  case  with  stems  con- 
sisting of  a  number  of  internodes,  and  with  each  zone,  however  small,  of  a  growing 
organ.  It  is  seen  in  fact  that  the  growth  of  each  part  begins  at  first  slowly, 
becomes  gradually  more  rapid,  and  finally  attains  a  maximum  of  rapidity,  after 
which  the  growth  becomes  again  slower,  and  finally  ceases  \yhen  the  organ  is 
fully  mature. 

If  successive  equal  intervals  of  time  are  represented  by  T„  T^...  T,,  and  the 
increments  durbg  these  intervals  by  I,,  I^,  ...  I,„  then  it  may  be  stated  as  a  general 
rule  that— 
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for  T,      T,      T,      T^      T^      T^      T, 

we  shall  have  Ii  <  I^  <  I3  <  I^  >  I^  >  I,  >  zero. 

This  rule  holds  good  for  the  separate  zones  of  roots,  internodes,  and  leaves,  as  well 
as  for  the  entire  organs  from  their  first  formation  to  the  time  of  their  full  maturity. 
This  course  of  growth  I  have  termed  The  Grand  Period^,  or  Grand  Curve  of  Growth; 
since  it  is  at  once  evident  that  if  the  values  I, ,  \  ....  I„  are  drawn  as  ordinates  with 
the  intervals  of  time  as  abscissa,  a  curve  will  be  obtained  Which,  starting  from  the 
axis  of  abscissae,  reaches  a  maximum  of  elevation,  and  returns  again  to  the  axis. 
The  following  examples  will  render  this  more  clear. 

Koppen^  found  the  following  increase  of  length  attained  in  periods  of  twenty- 
four  hours  with  a  nearly  uniform  mean  temperature : — 

Roots'  of  Lupinus  albus. 

Increase  in  length.  Mean  temperature. 

First  three  days:  per  diem  10     mm. 

Fourth  day  18 

Fifth  day  44 

Sixth  day  33-6 

Seventh  day  2^-9 

Eighth  day  28 

In  an  intemode  of  the  flowering  stem  of  Frilillaria  imperialis  I  found  the  fol- 
lowing increase  in  length  in  each  period  of  twenty-four  hours'  :— 

Normal  plant  Etiolated  plant 

in  the  light.  in  the  dark.  "*«"  temperature. 

March  a o  2-0  mm.  10*6"  C. 


6-3 

159 

4-7 

166 

5-8 

18'2 

4'4 

i5'5 

'  '  Grand  period,'  in  contrast  to  the  small  periodic  oscillations  of  growth  which,  if  represented 
graphically,  would  appear  as  smaller  elevalious  and  depressions  on  the  grand  curve. 

'  Koppen,  I.  c.  p.  48.    I  have  calculated  Ihe  daily  growth  from  the  lengths  given  in  his  tables. 

=  That  is,  the  root  together  with  the  hypocotyledonary  portion  of  the  stem. 

*  A  few  irregularities  in  the  course  of  the  growth  ate  explained  by  Ihe  lemporaiy  acceleration 
ofthe  growth  from  the  watering  of  the  ground.  Compare  I  he  curve  in  pi.  r  of  the  Arbeilen  des  bot. 
Inst,  in  Wdrzbiirg,  vol.  I,  Heft  II.  p.  129. 
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'formal  p!ant 
n  the  light. 

Etiolated  plan 
in  the  dark. 

3-8  mm. 

14-0  mm. 
I3-S 

■4°C. 


An  internode  of  Humulus  Lupulus  gave — 
Increase  in 


i4-g''C. 


Harting  found  that  a  Hop-stem,  consisting  of  a  number  of  internodes,  which  was 
493  miHimetres  long  on  May  15th  had  attained  by  the  end  of  August  a  length  of 
7'a63  metres,  this  growth  being  distributed  as  follows  over  the  different  months: — 


0'492  metres 

n  April. 

2-330 

May. 

2-722 

June. 

1-767 

July. 

0052 

August 

These  observations  and  a  number  of  others  show  that  the  grand  period  of 
growth  manifests  itself  even  when  the  course  of  the  changes  of  temperature  acts  in 
opposition  to  it ;  i.  e.  when  the  temperature  rises  while  the  rapidity  of  growth  de- 
creases owing  to  internal  causes,  and  vice  versd.  The  course  of  growth  may  no  doubt 
be  so  modified  by  great  changes  of  temperature  that  the  curve  of  the  grand  period 
can  no  longer  be  recognised  in  the  measurements. 

In  order  to  determine  the  grand  period  of  growth  in  a  piece  of  a  growing  root, 
internode,  or  leaf-stalk,  it  is  suflicient  to  mark  a  zone  of  the  organ  at  the  part  where 
elongation  is  beginning  by  two  lines  of  Indian  ink,  and  to  measure  the  daily  (or 
half  daily)  growth  of  this  piece  until  it  ceases. 

By  applying  this  method  to  the  primary  root  of  Vicia  Faha,  the  temperature 
varying  each  day  between  18°  and  2i'5°  C,  I  found  the  following  increase  to  take 
place  in  each  period  of  twenty-four  hours  in  a  piece  originally  i  mm.  long  situated 
immediately  above  'A\(t  pundum  vegetatiwiis  : — 

ist  day  I -8  mm. 

and  3-7 

3rd  17-5 

4th  1 6-5 


Hosted  by 


Google 
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SChday  17-0  mm. 

6th  14-5 

7th  "    .  70 

8th  o-o 

In  the  same  way  I  found  that  a  piece  aX  first  3-5  mm.  long  of  the  first  inter- 
node  of  Phaseolus  mullifiorus  beneath  the  first  pair  of  foliage-leaves,  with  a  daily 
Variation  of  temperature  between  ir-}^  and  1375°  C,  showed  the  following  in- 
crease : — 

1st  day  I-2  mm. 

2nd  1  "5                                           ' 

3rd  2-5 

4th'  5-5 

6*  r° 


8th  100 

9th  7-0 

10th  2'0 

Since  every  organ  that  is  growing  in  length  consists  of  zones  of  different  agesj 
which  are  produced  in  succession  from  the  primary  meristem  of  the  pimcium  vegeia- 
tionis  (or  of  an  intercalaiy  vegetative  zone),  the  successive  zones  of  an  internode 
or  a  root  indicated  by  ink-marks  must  show  different  increments  of  growth  in 
equal  times.  While  the  zone  nearest  the  puncium  v^gelalwms  is  beginning  lo  grow, 
the  next  one  has  already  entered  on  a  later  phase  of  its  grand  period,  while  one 
at  a  greater  distance  would  have  attained  the  maximum  of  its  rapidity  of  growth^ 
"and  a  still  further  one  would  have  ceased  to  grow.  In  other  words,  a  number  of 
zones  below  the  cell-producing  puncium  vegetalionis  are  in  the  ascending  phase,- 
while  those  lying  further  backwards  are  in  the  descending  phase  of  their  grand 
period;  or  again,  each  zone  is  ;n  a  later  phase  of  its  period  of  growth  the  greater' its. 
distance  from  the  pundum  vegetalionis.  If  the  successive  zones  of  a  growing  organ 
are  indicated  by  the  figures  I,  II,  III,  Ac,  and  the  increments  of  growth  observed, 
at  the  same  time  in  each  of  them  by  I^,  \,  \,  &c.;  then  we  have  the  following 
relationship ; — 

I       II      III       IV      V       VI       VII      VIII 
I,  <  I,  <  I,  <   I.  >  r,  >  I,  >  I,  >  zero. 

There  is  therefore  in  the  organ  a  region  of  maximum  rapidity  of  growth.  Thus, 
for  example,  I  found  in  the  first  internode  oiPhaseolus  muUiflorus,  which  was  divided 
into  twelve  zones,  each  3'5  mm.  long,  in  the  first  forty  hours  : — 


3rd 
4th 
5th 
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7th 

8th 

9th 


(lowest)  . 


!2th 


The  maximum  rapidity  of  growth  lay  therefore  in  the  fourth  zone,  which  was 
originally  situated  at  a  distance  of  about  lo-smm.  from  the  upper  end  of  the  inter- 
node. 

As  it  is  usual  for  several  contiguous  internodes  of  stems  to  be  growing  at  the 
same  time,  and  the  maximum  rapidity  of  growth  occurs,  according  to  circumstances, 
in  the  second,  third,  fourth,  or  fifth  internode  beneath  the  bud,  the  region  of  most 
rapid  growth  is  at  a  considerable  distance  from  the  apex  of  the  stem,  and  especially 
when  the  internodes  attain  a  considerable  length  and  several  are  growing  at  the  same 
time.  In  roots,  on  the  other  hand,  the  maximum  rapidity  of  growth  occurs  much 
nearer  the  punclum  vegelalionis,  usually  at  a  distance  of  only  a  few  millimetres ; 
and  the  portion  of  the  root  beneath  its  apex  in  which  the  chief  part  of  the  growth 
takes  place  is  consequently  only  a  few  millimetres  long,  while  in  stems  with  long 
■  internodes  it  is  often  many  centimetres  in  length.  If  therefore  a  root  and  a  stem 
with  long  internodes  are  divided  into  zones  of  equal  lengths,  e.g.  i  mm.,  com- 
mencing from  the  punctum  vegetaUom's,  the  law  of  growth,  as  expressed  by  the 
general  formula  given  above,  is  die  same  in  both  cases,  but  with  this  difference, 
that  in  the  stem  the  number  of  zones  that  are  increasing  in  length  at  the  same  time 
is  much  greater  than  in  the  root,  in  consequence  of  the  fact  that  in  the  last  case 
each  zone  completes  its  period  of  growth  more  quickly';  its  curve  is  shorter  and 
more  abrupt 

Thus,  for  example,  in  a  primary  root  of  Vkia  Fala  which  grew  in  damp  air 
and  which  was  divided,  starting  from  the  punclum  vegelalionis,  into  zones  each  i  mm. 
in  length,  I  found  the  following  increments  of  growth  in  the  first  twenty-four  hours 
at  a  temperature  of  20'5°  C.  :•— 


loth 
9th 


5th 
4th 
3rd 


'  It  by  no  means  however  follows  from  this  that 
le  time  a  greater  length  than  the  stem. 


■e  rapidly,  i.e.  attains  in  the 
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In  this  case,  therefore,  the  third  zone,  where  the  maximum  increase  of  growth  look 
place,  was  at  first  at  a  distance  of  only  2  mm.  from  the  apex. 

It  is  clear  that  if  an  organ  is  divided  inlo  zones  of  small  length,  each  zone 
will  in  general  contain  a  larger  number  of  cells  the  nearer  it  is  to  the  punc/um 
vegelaliimis,  since  the  cells  are  longer  the  further  they  are  from  the  apex.  But  from 
the  point  where  growth  ceases  the  number  of  cells  in  the  successive  zones  of  an 
organ  of  uniform  structure  will  be  the  same.  If  therefore  the  zones  are  again 
designated  by  the  numbers  I,  II,  III,  &c.,  the  number  of  cells  in  them  by  N,,  N^, 
Nj ...  N",  then  we  have : — 

I         II       III      IV       V       VI      VII      VIII 
N,  >  Nj  >  Nj  >  N,  >  N^  >  N,  >  N,  =  N^. 

But  the  difference  in  the  number  of  cells  in  the  zones  is  very  far  from  being 
the  cause  of  the  difference  in  the  rapidity  of  growth  that  prevails  in  them ;  as  is 
seen  at  once  if  it  is  recollected  that  the  number  continually  decreases  from  the  apex 
throughout  the  growing  region,  while  the  rapidity  of  growth  first  increases  and 
then  decreases.     This  may  be  expressed  by  the  fellowing  formula  ;— 

I  II  III  IV  V  VI  VII  VIII 
N,  >  Nj  >  N,  >  N,  >  N^  >  N,  >  N,  =  N,. 
Ii  <  Ij  <  Ij  <  I^  <  Ij   >  Ij   >  I,  >  zero. 

If  it  were  possible  to  divide  in  the  same  manner  a  filament  of  Vauiken'a,  a 
root-hair  of  Marchanlia,  or  a  similar  unicellular  organ,  into  small  zones,  it  can 
'  scarcely  be  doubled  (as  we  may  conclude  from  other  circumstances  dependent  on 
growth)  ihat  we  should  find  the  same  law  to  regulate  the  distribution  of  the  rate  of 
growth  in  individual  cells  endowed  with  a  power  of  apical  growth.  Since  the  same 
law  applies  to  roots  and  stems — whether  zones  i  or  2  millimetres  or,  in  the  case  of 
stems,  I  or  a  centimetres  in  length  are  observed — it  is  to  be  expected  that  this 
formula  would  ho!d  good  also  if  zones  of  only  a  tenth  or  hundredth,  or  even 
thousandth  of  a  millimetre  could  be  marked  out  and  measured.  In  other  words, 
we  should  find  that  the  law  of  the  grand  period  holds  good  for  each  single  minute  ' 
area  of  the  surface  of  the  wall  of  a  young  cell. 

If  the  power  of  any  particular  zone  to  attain  a  definite  lengtli  is  called  its 
Energy  of  Growth,  then  a  zone  which  up  to  the  time  when  its  growth  ceases  reaches 
a  len£,th  f  o  n  n  uld  h  a  smaller  energy  than  one  which  continues  to  grow 
unt  I    t  h  h  d  a  1        h     f  100  mm.     Thus,  for  example,  the  successive  inter- 

nod      of  m  m  h  of  which  was  at  one  period  i  mm.  long,  differ  very 

gr  atlj  n  1  gth  wh  m  u  e ;  the  internodes  first  formed  are  short,  the  next 
!  ng  nd  fi  Uy  ha  n  the  longest  of  all,  followed  again  towards  the  apex 
hj    h  rt  If        d     t,nite  the  energy  of  growth  of  the  internodes  I,  II,  III, 

&     by  E    E    E     %     w        t  the  series — 

I        II       III      IV       V       VI      VII     VlII 

E,  <  E,  <  E,  <  E,  >  E,  >  E,  >  E,  >  E^. 

With  this  increase  and  decrease  in  the  energy  of  growth  of  the  various  inter- 
nodes of  a  stem  is  usually  associated  a  similar  relationship  between  the  size  of  their 
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-leaves,  the  lower  ones  forming  smaller,  the  upper  ones  larger  leaves,  and  then  a 
largest  of  all  (or  whorl  of  largest  leaves),  usually  followed  again  by  smaller  ones*. 
The  secondary  roots  also  which  spring  from  the  same  primary  root  show  similar 
relationships,  the  first  attaining  a  smaller  length  than  those  that  follow,  and  thesfe 
being  again  followed  by  a  graduated  succession  of  shorter  ones.  The  same  is  the 
Case  also  with  the  lateral  branches  of  the  stems  of  annual  plants,  as  well  as  of  trees, 
especially  when  the  order  of  development  is  distinctly  monopodial. 

It  seems  probable  that  an  investigation  of  the  zones  of  a  root,  stem,  or  leaf 
would  also  show  that  the  energy  of  growth  of  successive  zones  first  increases,  then 
reaches  a  maximum,  and  finally  decreases.  The  cells  in  the  zone  in  which  the 
maximum  energy  of  growth  prevails  would  also  be  the  largest,  while  their  number 
would  be  least.  This  hypothesis  is  in  harmony  with  Sanio's  measurements*  of  the 
wood-cells  of  Pinus  sylvestrt's;  for  he  found  that  the  final  constant  size  of  the  wood- 
cells  of  the  stem  varies,  increasing  gradually  fr&m  below  upwards,  till  it  attains  a 
maximum  at  a  definite  height,  and  then  again  decreases  towards  the  apex.  The 
same  is  the  case  with  the  branches. 

If  it  be  permissible  to  ascribe  a  special  energy  of  growth  to  each  separate 
zone  of  an  organ,  it  becomes  possible  to  understand  how  it  is  that,  as  is  actually 
the  case,  every  zone  has  its  separate  period  of  growth,  and  that  a  grand  period  for 
the  whole  organ  itself  may  be  determined.  The  maxima  of  rapidity  of  growth 
attained  in  the  successive  zones  first  rise  and  then  fall ;  the  duration  of  growth  also 
of  the  zones  probably  at  first  increases  and  afterwards  diminishes.  Consequently 
the  measurements  of  the  whole  organ  represent  the  sum  at  first  of  only  few  and 
small  partial  increments,  later  of  more  numerous  and  larger  ones,  until  finally 
the  sum  of  the  partial  increments  dimiriisheSj  because  the  number  of  zones  growing 
at  any  one  time  and  the  energy  of  their  growth  alike  diminish.  Further  investi- 
gation will  show  whether  this  hypothesis,  which  is  at  least  an  approximate  one,  is 
correct. 

If  the  increments  of  length  of  an  intemode,  stem,  or  leaf,  in  short  intervals  of 
time  such  as  half-an-hour  or  an  hour,  are  compared,  it  is  usually  found  thatthey  do 
not  increase  and  then  decrease  regularly,  but  irregularly,  the  growth  being  sometimes 
greater,  sometimes  smaller.  If  the  grand  curve  of  growth  is  constructed  directly 
from  them,  it  does  not  assume  the  form  of  a  continuous  curve,  but  shows  a  number 
of  small  zigzags,  which  however  disappear,  if,  for  example,  the  interval  is  extended 
from  one  to  three  hours  or  more.  These  phenomena  I  call  irregular  variations 
of  growth '.  They  appear  to  result  from  the  plant  being  subjected  to  continual 
small  variations  of  temperature,  air,  light,  and  moisture  of  the  soil,  which  alter  the 
turgidity,  and  therefore  the  extensibility  and  elasticity  of  the  growing  cells.     I  come 

'  This  phenomenon  has  not  at  prcsenl  been  sufficiently  investigated.  In  many  stems,  especially 
creeping  ones,  when  the  leaves  have  reached  a  certain  size,  this  size  remams  constant  in  a  long  seri^ 
of  leavEs  before  any  decrease  occurs. 

'  Jahrb.  fiir  wissensch.  Bot.  1871,  voL  VII.  p.  401.  By  a  'constant'  size  of  the  wood-cells  I 
understand  that  which  lh?y  possess  in  the  later  annual  rings;  in  the  inner  annual  rings  they 
gradually  increase,  until  in  the  following  ones  they  attain  a  constant  siie. 

'  For  further  details  see  Reinke,  Verhandl.  des  bot.  Vereins  fur  die  Provinz  Brandenbu^, 
Jahrg.  VII ;  and  Sachs,  Arbeit,  des  bot.  Inst,  in  Wiirzbuig.  Heft  II.  p.  103.  [See  also  Drude,  Die 
slossweisen  Wachsthumsaenderungen  in  der  Blatlenlwickelung  von  Victoria  rtgia,  Iliille  iSSi.] 


vGooqIc 


DAILr  FERIOBICITY  OF  GROWTH  IN  LENGTH.  833 

lo  this  conclusion  from  observing  that  irregular  variations  of  growth  become  less 
the  more  the  plant  is  protected  from  variations  in  the  surrounding  conditions.  Partial 
irregular  neutralisations  of  the  tension  of  the  tissues  may  also  cooperate  to  produce 
this  result. 

Sect.  i3. — Periodicity  of  G-rowtli  in  length  caused  by  the  alternation 
of  day  and  niglit.  The  alternation  of  day  and  night  implies  varying  combina- 
tions of  the ''conditions  of  plant-life,  especially  of  those  that  affect  growth.  Day 
and  night  are  distingnished  not  only  by  the  presence  and  absence  of  sunshine,  but 
also  by  a  consequent  higher  and  lower  temperature,  which  again  causes  variations 
in  the  moisture  of  the  air.  Independently  of  special  meteorological  phenomena, 
the  temperature  falls  daily  with  the  diminishing  elevation  of  the  sun  till  sunrise 
the  nest  day,  that  of  the  air  rapidly,  that  of  the  ground  more  slowly ;  at  sunset  the 
faJI  is  sudden,  as  is  the  rise  at  sunrise.  In  general  the  atmosphere  approaches  a 
state  of  saturation  as  the  temperature  falls,  /.  e.  the  hygrometric  difference  decreases, 
as  it  increases  with  the  rising  temperature.  But  these  general  daily  alternations  act 
in  a  variety  of  ways,  and  even  in  opposite  directions  on  the  growth  of  plants ;  the 
increasing  intensity  of  the  light  after  sunrise  retards  growth,  while  the  increasing 
temperature  promotes  it,  as  long  as  the  other  conditions  remain  the  same ;  but  the 
increase  of  the  hygrometric  difference  caused  by  the  increasing  temperature  of  the 
air  occasions  also  an  increase  of  transpiration,  which  effects  a  diminution  of  the 
turgidity  of  the  tissues,  and  this  again  retards  growth. 

It  is  important  to  ascertain  which  of  these  variable  causes  exercises  the  greatest 
influence  on  growth;  and  it  will  depend  on  this  whether  the  growth  of  the  plant 
is  most  rapid  by  day  or  by  night.  On  a  cloudy  but  warm  and  damp  day  the  weak 
light  has  only  a  slightly  retarding  effect,  but  the  temperature  and  the  great  amount 
of  moisture  greatly  promote  growth;  under  these  circumstances  the  growth  may  be 
greater  than  in  the  succeeding  night  (equal  periods  of  time  being  compared), 
when  the  total  absence  of  light  promotes  growth,  but  the  lower  temperature  is  less 
favouraWe  to  it.  But  the  proportion  may  be  reversed ;  the  plant  may  grow  more 
slowly  by  day  than  by  night  when  the  difference  in  the  temperature  and  moisture 
of  the  air  during  each  is  but  smalt  and  very  bright  days  intervene  between  dark 
nights,  the  intense  light  retarding  growth  by  day  more  than  the  depression  of  the 
,  temperature  by  night. 

The  greatest  variety  of  combinations  may  be  imagined  in  this  respect;  and  from 
the  extreme  changeableness  of  the  weather  the  plant  will,  according  to  circumstances, 
sometimes  grow  more  quickly  by  day,  sometimes  by  night,  without  exhibiting  any 
exactly  recurrent  periodicity.  The  numerous  observations  which  have  been  ma^e 
in  this  direction  do  not  therefore  point  to  any  general  law^.  It  has  however 
.  been  ascertained  that,  especially  when  long  periods  of  time  such  as  entire  days  are 


'  These  will  be  found  described  by  me  in  detail  in  the  Arbeiten  des  bot.  Inst,  in  Wiirzburg, 
1872,  p.  170,  [Baranetzlty  (Die  taglicbe  Periodicitat  jm  Langenwactslhum  der  Stengel,  Mem.  de 
I'Acad.  imp.  de  St.  P^tersbourg,  XXVII.  1879)  finds  that  there  ia  a  daily  periodidty  of  the  growth 
of  stems  which  is  independent  of  the  direct  influence  of  any  external  d<»iditi<w^V  (see  alsb  Bot.Zeitg. 

1877)0 
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compared,  all  the  other  conditioni  of  grovilh  nre  outweighed  by  the  effects  of  the 
variations  of  temperature,  so  thit  in  general  the  rapiditj  of  growth  increases  with  a 
rising  and  decreases  with  a  falling  temperature  The  result  of  a  number  of  measure- 
menls  made  bj  Riuwenhoff  dunng  several  months  in  the  most  vanous  weather  was 


that  the  mean  growth  was  greater  ii 

1  twelie  hours  of  the  day  thin 

the  night,  !/? 

Ev    lav                            B^  nit 

in  Bryonia 

5Qopc                     410 

Wistaria 

57-8                           42-2 

Vilis 

55-1                           44-9 

Cticurbiia 

56-7                           43'3 

Dasyhrion  sg'g  447 

A  similar  tabular  statement  shows  that  the  favourable  influence  of  a  higher 
temperature  by  day  outweighs  the  retarding  influence  of  daylight.  RauwenhofTs 
measurements  show  accordingly  that  the  mean  growth  during  six  hours  of  the  fore- 
noon is  less  than  that  during  six  hours  of  the  afternoon ;  since,  while  the  average 
amount  of  light  is  the  same,  ihe  temperature  is  higher  in  the  afternoon  than  in  the 
forenoon.     If  the  afternoon  growth  is  placed  at  100,  then  the  morning  growth  is— 

in  Bryonia  86 

Wistaria  7 1 

Vilis  67 

Cuairbila  79 

do.  81 

If  however  we  calculate  from  Rauwenhoff's  measurements  the  daily  and  nightly 
and  the  morning  and  afternoon  values  for  shorter  periods  in  which  the  changes  of 
the  weather  do  not  neutralise  one  another,  it  will  be  found  that  the  growth  by  night 
sometimes  exceeds  that  by  day,  and  that  the  afternoon  is  not  always  more  favourable 
than  the  morning. 

It  is  clear  from  what  has  been  said  that  it  is  impossible  to  determine  from 
observations  in  the  open  air,  where  the  variations  of  temperature,  light,  and  moisture 
are  very  great  and  are  combined  in  a  great  variety  of  ways,  in  what  manner  each 
separate  condition  of  growth  affects  the  plant,  and  whether  the  alternation  of  day  and 
night  causes  a  similar  alternation  of  growth,  or  whetlier  there  exist  in  the  plant  itself 
causes  of  daily  periodicity  independently  of  external  changes.  In  order  to  decide 
this  question,  it  is  necessary  first  of  al[  to  make  the  observations  independent  of  the 
accidents  of  weather,  which  is  only  possible  by  carrying  them  on  in  well-closed 
rooms  where  the  temperature  can  be  kept  constant  or  made  to  vary,  and  where  the 
amount  of  light  can  be  increased  or  decreased,  and  the  moisture  regulated  in  the  air 
and  in  the  soil  of  the  flower-pot.  Under  these  circumstances  it  is  possible  to  study 
the  action  of  an  increasing  or  decreasing  amount  of  light  upon  a  plant  exposed  to 
constant  conditions  of  humidity  and  temperature,  and  therefore  exhibiting  a  con- 
■  slant  degree  of  turgidity;  it  is  sufficient  to  measure  and  compare  the  increments  of 
growth  during  short  periods  of  time. 
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A  long  series  of  observations  of  this  kind  on  internodes  has  given  me  the  fol- 
lowing results ' : — 

(i)  The  more  exactly  a  constant  temperature  is  maintained,  darkness  being 
constant  and  the  amount  of  moisture  being  also  constant,  the  more  uniform  is 
the  course  of  growth  at  different  periods  of  the  day.  There  does  not  appear  to  be 
any  daily  periodicity  of  growth  independent  of  external  influences.  The  irregiilar 
variations  of  growth  mentioned  above  were  however  observed, 

(z)  If  great  variations  of  temperature  are  allowed  to  act  on  a  plant  growing 
in  darkness  and  with  a  constant  amount  of  moisture,  to  such  an  extent  that  the  tem- 
perature of  the  air  round  the  plant  alters  some  degrees  C.  from  hour  to  hour, 
the  rate  of  growth  of  the  internodes  rises  and  falls  with  the  rising  and  falling 
temperature.  If  the  hourly  increments  are  taken  as  ordinates,  and  the  intervals  of 
time  as  abs<;iss;e,  the  curve  of  growth  follows  all  the  elevations  and  depressions  of 
the  curve  of  temperature,  without  however  any  actual  proportion  being  observable 
between  the  growth  and  the  temperature ;  the  curves  do  not  run  parallel  but  are 
only  of  the  same  description. 

(3)  If  care  is  taken  that  during  the  period  of  observation  the  temperature 
undei^oes  only  slight  and  gradual  changes,  while  (the  moisture  being  sufficiently 
uniform)  the  amount  of  light  changes  in  the  ordinary  manner,  increasing  from  morn- 
ing till  midday  and  decreasing  from  midday  till  evening  to  complete  darkness  at 
night,  it  will  be  found  that  the  increments  of  growth  are  always  greater  from  even- 
ing till  sunrisCj  diminishing  suddenly  after  sunrise,  and  then  more  slowly  till  evening. 
The  alternation  of  day  and  night  causes  therefore  under  these  circumstances  a 
periodical  rising  and  falling  of  the  curve  of  growth  of  such  a  nature  that  a  maxi- 
mum occurs  in  the  morning  at  sunrise  and  a  minimum  before  sunset,  A  second 
rising  of  the  curve  of  growth  usually  takes  place  also  in  the  afternoon ;  but  this,  as 
I  have  shown,  is  a  consequence  of  the  higher  temperature  in  'the  afternoon  which 
overcomes  the  influence  of  light  The  retarding  influence  of  light  is  therefore 
strong  enough  to  overbalance  the  favourable  influence  of  the  slight  elevation  of 
temperature  in  the  forenoon,  but  not  sufficient  to  overcome  that  of  the  stronger 
elevation  of  temperature  in  the  afternoon. 

The  fact  is  of  great  interest  that  when  a  plant  has  been  exposed  to  light  during 
the  day,  its  curve  of  growth  after  sunset,  or  if  placed  m  the  dark  in  the  evening,  does  , 
not  immediately  rise  abruptly  ;  i.e.  that  the  most  rapid  growth  which  is  independent 
of  light  is  not  at  once  attained  when  it  is  suddenly  placed  in  the  dark ;  but  that — as 
is  shown  by  the  curve  rising  slowly  till  morning — the  growth  which  has  been  retarded 
during  the  day  only  becomes  gradually  more  rapid  in  the  course  of  some  hours, 
until  the  light  to  which  the  plant  is  again  exposed  in  the  morning  causes  a  fresh 
retardation  of  growth,  which  again  increases  from  hour  to  hour  till  the  slowest  rate 
is  attained  in  the  evening,  if  the  temperature  remains  constant.  In  other  words,  the 
two  internal  conditions  of  the  plant  which  correspond  to  darkness  on  the  one  hand 
and  to  daylight  on  the  other  hand  pass  over  only  gradually  into  one  another.     Light 

'  Sachs,  Arbeit,  des  bot.  Inst.  Wiimbn^,  1871,  vol.  I,  p.  168  el  seq.  The  plants  observed  were 
chiefly  Fritillaria  imptriaUs,  Hiiiault.s  Lnpiilus,  Dahlia  variabilis,  Polenttmitim  rsptaas,  and  fiickardia 
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requires  a  considerable  time  in  order  to  overcome  the  noctnrnil  dirkness  1  con 
siderable  time  to  overcome  the  diurnal  condition  of  growth  of  the  plant  If  this 
were  not  Ihe  ca<ie,  the  curve  of  grouth  would  at  once  rise  abruptl)  in  the  evening 
when  the  room  is  suddenlj  darkened  would  then  continue  at  the  same  elevation  till 
morning,  would  fall  abruptly  when  light  i*-  again  let  in  and  would  then  coniinue  at 
the  same  height  till  the  evenmg  But  this  does  not  correspond  to  the  observed 
phenomena. 

In  order  to  study  more  closely  the  changes  of  growth  occasioned  by  internal  causes, 
or  the  dependence  of  these  changes  on  external  conditions,  it  is  necessary  to  measure 


the  increments  in  short  spaces  of  time  such  as  an  hour  or  two  or  three  hours.  In  the 
case  of  intemodcs  or  leaves  of  large  plants  which  are  growing  very  rapidly,  as  the  flower- 
stems  of  Agave  or  the  leaves  of  MusaceK,  this  can  be  done  with  a  certain  degree  pf 
exactness  by  simjde  measurement  with  a  measuring-rod.  But  for  the  purpose  of  more 
exact  observations  it  is  more  convenient  to  mate  use  of  smaller  plants  which  do  not 
gi-ow  so  rapidly,  the  growth  during  an  hour  not  amounting  to  more  than  a  millimetre,  or 
even  less.  In  such  cases  a  simple  measuring-rod  is  not  sufficiently  exact;  and  I  have 
employed  in  its  place  three  different  methods.  In  each  of  them  a  thin  but  strong  thread 
of  silk  is  fixed  to  the  upper  end  of  the  stem  or  internode  of  the  plant  growing  in  a 
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pot,  the  thread  passing  verticaHy  over  an  easily  moveable  pulley  and  moving  an  index 
fixed  to  tlie  free  end  of  the  thread  or  to  the  pulley. 

I.  The  Thread-indicator  is  a  simple  contrivance  ia  which  the  free  end  of  the  thread 


which  hangs  down  from  the  pulley  and  is  kept  tight  by  a  weight  of  a  few  grammes 
carries  a  horizontal  needle  which  moves  freely  over  a  graduated  scale  as  the  end  of  the 
thread  which  is  fisted  to  the  plant  rises  with  its  growth. 
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2.  In  the  j^rc-ladlcaler the  thread  cy(F)g.  480)  fixed  to  the  plant  a  is  carried  over 
the  pulley  d  and  fixed  to  a  pin  which  is  attached  to  a  second  pulley^.  An  index  s;  made 
of  a  straight  and  iirm  straw  is  fastened  to  this  second  pulley  in  the  radial  direction,  its 
free  end  pointing  to  a  graduated  scale  on  the  arc  of  a  circle  m  n.  The  equilibrium  of  the 
index  is  secured  by  the  small  weight  i  which  tends  to  turn  the  pulley  in  the  opposite 
direction  with  a  force  which  keeps  the  thread  c/in  a  state  of  tension.  As  the  internode 
below  the  hook  i  lengthens,  the  weight  !  sinks,  and  a  piece  of  the  thread  cf  of  equal 
length  is  rolied  off  the  pulley  g,  thus  raising  the  index  on  the  arc.  If  the  index  is,  for 
example,  ten  times  as  long  as  the  radius  of  the  pulley,  the  portion  of  the  arc  which  it 
will  pass  over  represents  ten  times  the  increase  in  length  of  the  internode.  But  since  it 
is  not  usually  required  to  know  the  absolute  amount  of  the  increase  but  only  the  relative 
amount  in  different  times,  it  is  sufficient  merely  to  read  olf  and  compare  the  movements 
of  the  index  on  the  graduated  scale.  By  this  instrument  we  are  able  to  measure  very 
small  increments  of  growth;  but,  like  the  first  process,  it  has  the  disadvantage  that  the 
observer  must  watch  it  during  the  whole  time,  which  renders  the  investigation  very 
difficult,  especially  at  night. 

J.  The  Autographic  Auxanameter  gets  rid  of  this  difficulty.  It  consists  of  a  simpler 
form  of  the  instrument  already  described.  The  thready  fastened  to  the  plant  sets  directly 
in  motion  the  pulley  which  carries  the  index  e,  being  fixed  to  it  by  a  pin  at  r.  The 
tension  of  the  thread  caused  by  the  index  itself  is  still  further  increased  by  the  weight  g. 
By  this  contrivance  the  point  of  the  index  falls  as  the  stem  grows  below  the  point  to 
which  the  thread  is  fastened.  By  means  of  the  clock-work  D  the  cylinder  C  fixed  upon 
the  vertical  axis  a  is  made  to  rotate  slowly,  the  rotation  being  arranged  by  adjusting  the 
length  of  the  pendulum  t  so  that  a  revolution  is  completed  in  exactly  an  hour.  The 
cylinder  is  however  fixed  eccentrically  on  the  axis  a,  so  that  during  the  rotation  one  side 
describes  a  larger  circle  than  the  other  side.  On  the  former  side  is  fastened  a  piece  of 
smoked  paper  pp.  When  the  index  is  properly  adjusted,  its  point  touches  the  paper 
and  describes  on  it  a  white  line  j  j'  during  the  rotation  of  the  cylinder.  But  after  the 
rotation  has  continued  for  some  time  the  index  is  no  longer  in  contact  with  the  paper 
owing  to  the  eccentricity  of  the  cylinder,  but  becomes  so  again  afterwards  when  it 
inscribes  another  line  lower  down.  The  distances  between  the  lines  described  on  the 
cylinder  evidently  depend  on  the  rapidity  of  growth  of  the  plant '^.  When,  in  consequence 
of  this  growth,  the  index  has,  after  say  twenty-four  hours,  reached  the  lower  margin  of 
the  paper  pp,  the  clock-work  is  stopped,  the  paper  removed  and  replaced  by  a  fresh 
piece,  the  index  being  again  set  by  raising  the  pulley,  and  the  observation  repeated. 
The  lines  on  the  blackened  paper  are  fixed  by  a  varnish  of  collodion  and  dried,  and  the 
distances  between  them  are  proportional  to  the  hourly  growths  of  the  internode.  It  is 
clear  that  the  apparatus  not  only  magnifies  the  increments,  but  also  records  them  in  the 
absence  of  the  observer,  which  is  very  convenient,  especially  for  observing  the  nocturnal 
growth.  It  is  however  necessary  even  in  this  case  for  the  observer  to  note  the  tempera- 
ture and  the  hygrometric  conditions,  at  least  between  morning  and  evening.  Fig.  481 
shows  in  addition  a  tin  vessel  B,  consisting  of  two  halves  united  by  a  hinge,  which  may 
be  used  for  shutting  out  the  light  from  the  plant,  even  after  the  thread  has  been  attached 
to  it.     At  E  the  thermometer  (  is  placed  in  a  similar  vessel  near  the  plant. 

Sect.  19.— Effect  of  Temperature  on  Growth".     It  has  already  been  shown 

'  See  Arbeiten  des  Wurzburg.  hot.  Inst.,  Heft  II.  [Wiesner,  Ucb.  eine  neue  Constmction  dea 
selbstregistrirenden  Ansanomcters,  Flora  1876] 

>  F.  Burkhardt  in  Verhandl.  der  naturf.  Ges.  in  Basel,  i8,i;8,  vol.  II.  1,  p.  67.— Sachs,  Jahrb.  fiir 
wissensch.  Bot.  i860,  Heft  II.  p.  338.— Alph.  De  Candolle  in  Biblioth.  univ.  et  rev.  Suisse,  Nov.  1866. 
— H.  deVries,  in  Archiv.  n^erla.ndaises.  1870,  vol.  V.—Kcippen,  Warnie  und  Pflanzen-Wachsthum, 
Dissertation,  Moskow  j8jo.  [See  also  Haberiandt,  Landw.  Versuchsstationen,  XVII,  1874;  Just, 
Cohn's  Beiti^ge,  II,  i8;7 ;  Uloth,  Flora,  1S71  and  1875 ;  von  Hohnel,  in  Haberlaiidt's  Wiss.  prakt. 
Unters.11,1877.] 
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in  Sect.  7  that  the  life  of  a  plant  generally  and  its  growth  in  particular  is  carried  on 
Only  within  certain  limits  of  temperature  (in  general  between  zero  and  50°  C),  and 
that  each  function  has  apparently  in  every  plant  its  inferior  and  superior  limits; 
so  that,  for  example,  the  lowest  temperature  at  which  a  plant  of  Wheat  can  grow  is 
different  from  the  lowest  at  which  a  Gourd  can  grow,  &c.  It  has  also  been  shown 
ttat  growth,  like  other  phenomena,  is  more  active  the  higher  the  (constant)  tem- 
perature above  the  inferior  limit,  but  that  there  is  a  certain  temperature  at  which 
growth  reaches  its  maximum  activity,  and  above  which  any  further  rise  of  temper- 
ature causes  a  diminution  of  its  rapidity.  There  is  not,  in  the  mathematical  sense 
of  the  term,  any  proportion  between  the  rapidity  of  growth  and  the  height  of  the 
temperature,  and  the  more  accurately  the  relation  between  the  two  has  beeninvesti- 
gated,  the  more  difficult  is  it  to  express  this  relation  by  any  mathematical  formula. 
It  cannot,  on  the  other  hand,  be  doubted  that  it  is  of  the  utmost  importance  for 
any  future  theory  of  the  mechanical  laws  of  growth  to  ascertain  the  extent  to  which 
growth  depends  on  temperature,  at  least  in  a  few  particular  cases. 

The  difficulties  of  investigations  of  this  kind  are  however  much  greater  than  is 
generally  thought;  and  the  results  obtained  hitherto,  valuable  as  they  are,  go  no 
further  thaii  what  is  stated  above,  and  give  us  no  deeper  insight  into  the  way  in 
which  that  particular  mode  of  motion  of  the  molecules  which  we  call  heat  is  con- 
nected with  that  mode  of  modon  which  causes  growth. 

Restricting  ourselves  to  the  results  at  present  obtained,  it  will  be  seen  that  they 
have  a  great  practical  value  in  addition  to  their  theoretical  significance,  A  know- 
ledge of  the  cardinal  points  of  temperature,  viz,  its  superior  and  inferior  limits  and 
the  particular  temperature  at  which  the  maximum  of  action  takes  placfe,  is  indis- 
pensable to  investigations  of  various  kinds,  in  order  to  get  at  a  correct  interpretation 
of  the  phenomena.  On  this  account  a  few  of  the  more  trustworthy  observations 
may  be  given  here. 

In  order  to  determine  the  cardinal  points  of  temperature  to  which  allusion  has  been 
made,  observations  are  of  value  only  when  conducted  at  nearly  constant  temperatures; 
the  means  deduced  from  very  variable  temperatures  may,  as  !  have  shown,  lead  to 
very  erroneous  conclusions.  It  is  however  by  no  means  easy  to  maintain  a  sufficiently 
constant  temperature  for  a  whole  day  even  by  artificial  heating  or  cooling.  Special 
difficulty  is  met  with  in  the  determination  of  the  inferior  limit  or  specific  zero,  since  the 
observation  must  extend  over  a  considerable  time — in  the  case  of  germination,  several 
weeks — to  be  certain  that  growth  does  not  take  place.  It  would  be  possible,  by  means 
of  the  apparatus  already  described,  to  determine  in  the  course  of  a  few  hours  whether 
growth  still  takes  place  in  an  internode  at  a  very  high  or  at  a  very  low  temperature,  and 
at  what  temperature  it  is  the  most  rapid,  if  it  were  not  estremely  difficult  to  regulate  the 
temperature  of  the  plant  in  the  apparatus  with  sufficient  exactness.  The  auxanometer 
will  however  be  very, useful  even  in  this  ease.  The  observations  on  this  point  hitherto 
made,  at  least  those  which  have  any  physiological  value,  have  been  on  germinating  seeds, 
as  the  temperature  and  moisture  of  the  soil  in  which  they  grow  can  be  more  easily 
regulated  than  of  the  air  in  the  case  of  intemodes.  Special  facilities  are  offered  by  the 
roots  of  seedlings,  as  they  do  not  emerge  from  the  soil,  and  are  more  easily  measured, 
from  their  simpler  and  more  regular  form.  The  following  figures  refer  only  to  the  roots 
of  seedlings,  the  hypocotyledonary  portion  of  the  stem  being  also,  In  the  ease  of  Dicoty- 
ledons, included  in  the  root.  That  exactly  the  same  figures  are  not  always  obtained  by 
diiferent  observers  is  the  result  of  differences  in  the  mode  of  observation,  the  amount  of 
water,  the  nature  of  the  soil,  the  inaccuracy  of  thermometers,  &c. 
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The  first  point  to  determine  is,  whether  germination— j.  e.  f  he  growth  of  the  embryo 
at  the  expense  of  the  reserve  materials  in  the  seed— takes  place  only  at  certain  tempera- 
tures, and  at  what  temperature  it  takes  place  most  quickly.  Observations  of  my  own 
gave  the  following  results ; — 


Triticutn  -vulgan 
Hordeum  vulgare 
Cucurblia  PrpB 
Pbauolus  multijlori, 
Zea  Mais 


5°C. 


8-7°  G. 


42  V  c. 


462 


This  table  shows,  if  the  ascertained  temperatures  are  correct,  that  grains  of  Wheat 
cannot  germinate  below  5°C.,  or  seeds  of  the  Gourd  below  137°,  &c.,  however  long  they 
may  lie  in  moist  earth ;  and  that  they  no  longer  germinate,  but  quickly  perish  at  tempera- 
tures above  those  named  in  the  third  column;  while  at  the  temperatures  named  in  the 
second  column  germination  takes  place  in  a  shorter  time  than  at  either  higher  or  lower 
temperatures.  It  may  however  be  taken  for  granted,  from  the  great  difficulty  of  obtain- 
ing these  numbers,  that  the  result  of  further  observations  will  not  be  identical,  though 
probably  approximate.  It  is  clear  that  many  series  of  experiments  will  be  necessary 
in  order  to  determine  each  of  the  cardinal  points.  The  following  figures,  obtained  by 
Koppen,  agree  moderately  well  with  mine,  as  far  as  they  relate  to  the  same  plants :— 


Trilicuiit  "vutgare 

TS" 

Zea  Mail 

g-6 

Lupinu4  albus 

7'5 

Pijum  lati-vum 

67 

ng  figures  were  obtained 

Iby  H. 

Phaseolui  -vulgaris 

3"'5° 

Hetianthus  anntius 

3i'3 

Brassica  Napiu 

Ji'S 

Canmibh  laii-va 

3i'5 

Cucumh  Melo 

37-5 

Sinapis  alba 

27"4 

Lepidium  sativum 

27-4 

Linum  usltatissimum 

27-4 

9-;"  c. 


above  37'2 
below  37'2 
above  37-2 

The  following  results',  obtained  by  Alphonse  de  Candolle,  are  moderately  trustworthy 
as  far  as  relates  to  the  inferior  limit,  but  hardly  so  much  so  with  respect  to  the  superior 
limit  and  the  temperature  of  most  rapid  growth,  as  may  be  concluded  from  various 
statements  made  by  the  observer. 


Lefidiuia  satt-vutn 
Linum  usitalisiimum 
Collomia  cccciTua 
Nigel/a  sati-va 

Trifoiium  r^ens 
■Lea  Mais 

tntah 


'C. 


rc. 


about  35^ 
below  45 


■  I  take  the  figures  from  Ihe  table  of  curves  in  De  Candolle's  treatise,  wilh  the  a 

>  De  Candolle  remarks  that  the  seeds  of  Maize,  Melon,  and  Stiamum  become  brown,  the  first 
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e  below  5°  C,  they  are  most  probably  correct ; 
t  rapid  growth  are,  on  the  other  hand,  for 


When  De  Candoile's  inferior  limits  ai 
his  superior  limits  and  temperatures  of  ir 
the  most  part  certainly  too  low. 

More  accurate  information  is  ifforded  b)  the  figures  «hnh  givt  the  lengths  attained 
by  roots  in  equal  periods  of  time  at  different  temperitures,  and  express  therefore  the 
rate  of  the  growth  of  the  roots  of  seedlii  gs  at  difterent  constant  temperatures.  These 
numbers  increase  from  the  inferior  limit  to  the  temperature  of  most  rapid  growth,  and 
fall  again  from  it  to  the  superior  limit 

In  Zea  Mail,  for  example,  1  found — 


!   48  hours 


°G. 


The  following  are  De  Vries'  results,  also  in  periods  of  forty-eight  hours :- 


30-6 

27-1 

33-9 

38-6 

37-2 

703 

44-8 

39'9 


The  assertion  made  by  Koppen,  in  support  of  which  he  brings  forward  an  array  of 
figures,  that  similar  parts  of  plants  grow  at  different  rates  at  the  same  mean  temperature, 
whether  the  meau  temperature  is  constant  or  whether  it  varies  above  and  below  the 
mean,  and  further  that  the  rapidity  of  growth  is  diminished  by  the  variations  of  the 
temperature  even  when  the  variations  take  place  below  the  optimum,  was  inserted  in  the 
third  edition  of  this  book.  This  assertion,  however,  has  not  been  confirmed  by  the  care- 
ful observations  made  in  different  waysby  Pederseninthe  laboratory  at  Wiirzburg'.  We 
shall  see  in  Sect.  26  that  variations  of  temperature  act  as  stimuli  which  affect  the  rapidity 
of  growth  of  many  foliage  and  floral  leaves  in  a  remarkable  manner.  A  thorough  inves- 
tigation of  the  subject  from  this  point  of  view  is  much  to  be  desired. 


ai  if  burnt  at  40°'C.,  a  phenomenon  which  has  not  been  noticed  by  others.    These  'burnt'  seeds 
however  germinated  afterwards  at  a  lower  temperature. 

'  Haben  Teraperaturschwankungen  als  solohe  einen  ungiinstigen  Einfluss  auf  dass  Wai;lislhuin  ? 
Arb.  d.  bot.  List,  in  Wurzburg,  Ed.  I,  1874. 
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Sect.  20.— Action   of  Ijight   on    Growth   in   Iiength'. — EQliotropiam  ^. 

Since  we  shall  now  pay  exclusive  attention  to  the  questions  whether  and  in  what 
way  light  promotes  or  retards  quantitatively  the  superficial  growth  of  the  cell-wall, 
we  may  for  the  time  leave  entirely  out  of  consideration  those  cases  where  it  changes 


'  A.  P.  De  Candolle,  Physiologic  vegetale,  Paris  1832,  vol.  Ill,  p.  1079.— Sachs,  Bot.  Z«ilg. 
1863,  Supplement,  and  1865,  p.  117.— DJIto,  Experimental- Physiologic,  Sect  15, — Hofmeister,  Lehre 
von  der  PflanzeOEelle,  Seel.  36.— Kraus,  Jahrb.  fur  wissensch,  Bdt.  vol.  VII.  p.  209  et  se;.— Batalin, 
Bot.  Zeitg.  1S71,  No.  40. 

'  [H.  Muller  (Thurgau),  Ueb.  Heliotropismus,  Flora,  1876;  Wiesner,  Die  Heliotropisclien 
ET^cheinungea,  Denkschr.  d.  li.  k.  Akad.  in  Wien,  187S,  1880;  Darwin,  The  Movements  of  Plants, 

A  brief  accoimt  of  Wlesner's  conclusions  may  be  found  useful ;  they  are  as  follows  : — 
I.  Infinence  of  (he  IntaiAty  of  Light. 

I.  The  maximum  of  heliotropic  effect  is  produced  by  a  certain  intensity  of  light:  increase  or 
decrease  of  intensity  diminishes  the  heliotropic  effect  until  it  is  no  longer  produced.  The  optimum 
intensity  varies  in  different  plants. 

a.  The  upper  limit  of  intensity  is  either  greater  or  less  than  that  degree  of  intensity  at  which 
the  parts  of  plants  in  question  can  grow  at  all:  this  depends  upon  the  relative  sensitiveness  of  the 

3,  Hence  it  appears  that  sunlight  may  absolutely  arrest  giowlh;  young  stems  are  protected  by 
their  strong  n^ative  geotropism  from  the  action  of  sunlight. 

4.  The  degree  of  intensity  at  which  heliotropistn  ceases  corresponds,  doubtless,  to  the  intensity 
at  which  the  plant  no  longer  reacts  by  growth;  an  intensity  which  affects  the  plant  no  more  than 
complete  darkness, 

II.  I«f{«enci  ofRefraagibilUy. 

r.  Not  only  do  the  rays  of  high  refrangibility  possess  heliotropic  power,  but  those  also  of  lower 
refranpbilily:  it  is  possessed  by  all  rays  from  the  ultra-red  to  the  ultra-violet  except  the  yellow  rays. 

1.  The  most  marked  effects  are  produced  by  the  rays  at  the  junction  of  the  violet  and  ultra- 
violet :  from  these  to  the  green  the  heliotropic  effect  gradually  diminishes ;  in  the  yellow  it  is  zero : 
it  recommences  in  the  orange  and  gradually  increases  until  it  attains  a  second  maximum  (small)  in 
(he  ultra-red. 

If  the  parts  are  not  very  sensitive,  the  effect  is  diminished  in  each  of  the  colours  in  proportion 
lo  their  heliotropic  power,  so  that  the  orange,  red,  green,  ultra-red,  blue,  etc.  become  inert  in  suc- 

3.  The  heliotropic  effect  is  not  proportional  to  the  mechanical  intensity  (thermic  power)  of 
the  rays. 

4.  Negatively  heliotropic  oi^ans  exhibit  the  same  phenomena. 

III.  Concomilant  aclkn  of  Hiliolrophm  and  Geotropism. 
In  strongly  heliotropic  organs,  geotropism  does  not  interfere  with  the  exhibition  of  heliotropism 
provided  that  the  light  is  intense. 

IV.  Presence  of  Oxygen. 
No  heliotropic  phenomena  occur  in  the  absence  of  oxygen. 
V.  Photomechanical  Induction. 

1.  Both  heliotropism  and  geotropism  are  exhibited  after  the  removal  of  the  organ  under  experi- 
ment from  the  action  of  light  or  of  gravity  respectively  :  this  effect  is  an  induced  effect. 

2.  Successive  exposures  to  the  action  of  light  or  of  gravity  produce  their  effects  distinctly ;  there 

VI.  Retatim  of  Heliotropism  to  Turgidity. 

In  many  cases  positive  heliotropic  curvature  does  not  take  place  in  the  zone  of  most  rapid 
growth,  where  the  turgidity  is  greatest,  but  in  a  zone  below  it,  where  the  turgidity  is  less. 

Etiolated  organs  become  more  sensitive  to  the  heliotropic  action  of  light  after  they  have  been 
exposed  on  all  sides  to  diffnse  light,  probably  because  the  turgidity  of  the  growing  cells  is  thereby 
diminished.] 
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or  may  possibly  change  qualitatively  the  physiological  and  morphological  nature 
of  the  newly-formed  organs. 

The  dependence  of  growth  on  light  has  already  been  spoken  of  in  general  terms 
in  Sect.  8 ;  and  it  was  there  especially  insisted  on  that,  in  order  to  avoid  serious 
misconceptions,  this  must  be  distinctly  separated  from  the  question  of  the  part 
taken  by  light  in  assimilation.  Here  also  we  are  concerned  only  with  the  processes 
of  growth  itself,  since  we  always  start  from  the  point  at  which  the  cells  or  organs 
concerned  have  already  obtained  a  sufficient  quantitj-,  or  even  excess,  of  formative 
materials. 

It  has  been  already  stated  that  the  various  parts  of  the  flower  grow  as  readily 
in  permanent  darkness  as  in  light.  Most  internodes,  on  the  contrary,  as  has  been 
explained  in  Sect.  18,  grow  more  slowly  when  exposed  to  light  on  all  sides,  and 
remain  shorter  than  when  growing  in  the  dark ;  when  the  light  reaches  them  from 
one  side  only,  they  curve  concavely  towards  the  source  of  light.  Other  organs  how- 
ever, as  root-hairs,  tendrils,  and  some  internodes,  become  longer  on  the  side  exposed 
to  light  than  on  that  left  in  the  dark.  We  have  seen  also  that  die  leaves  of  Ferns 
and  Dicotyledons  soon  cease  growing  in  the  dark  and  remain  small.  These  observ- 
ations show  clearly  enough  that  different  cells  and  organs  are  differently  affected 
by  light  as  respects  their  growth.  Since  the  light  itself  remains  the  same  and  there 
is  a  supply  of  formative  materials,  any  explanation  of  these  differences  must  aim  at 
showing  how  it  is  that  the  inherited  organisation  of  the  plant  in  each  case  is  affected 
just  in  one  particular  way  and  no  otherwise  by  the  oscillations  of  the  ether.  It  is 
however  at  present  quite  impossible  to  give  such  an  explanation^,  since  far  too  little 
is  yet  known  of  the  phenomena  themselves ;  the  ascertained  facts  cannot  yet  even  be 
reduced  to  a  general  law,  especially  in  consequence  of  the  obscurity  which  involves 
the  behaviour  of  leaves  (see  in/ra)  and  of  negatively  helfotropic  organs  under  the 
action  of  light.  If  these  difficulties,  which  were  referred  to  in  Sect.  8,  were  solved, 
the  organs  of  plants  might  be  divided  in  respect  of  their  behaviour  towards  light  into 
three  kinds : — (i)  those  ihe  growth  of  whose  cells  is  in  general  independent  of  light ; 
as  petals,  stamens,  fruits,  and  seeds ;  (2)  those  whose  growth  is  retarded  by  light ; 
the  positively  heliotropic  organs  which  become  abnormally  elongated  by  absence  of 
light ;  and  (3)  those  whose  growth  is  promoted  by  light.  To  this  last  category 
would  belong  negatively  heliotropic  organs  if  we  could  be  certain  that  negatively 
heliotropic  organs  grew  more  slowly  in  darkness  than  in  light.  The  observations  of 
Schmitz^  on  Rhizomorphs  show,  however,  that  this  is  not  usually  the  case,  for, 
although  they  are  negatively  heliotropic,  tliey  grow,  like  positively  heliotropic  organs, 
more  quickly  in  darkness  than  in  light. 

The  question  in  what  manner  light  affects  the  mechanism  of  the  growth  of 
the  cell-wall  can  therefore,  in  the  present  state  of  our  knowledge,  have  a  definite 

•  If  Miiller,  in  the  second  part  of  his  Botanisclje  Untersuchungen  (Heidelbeig  1872),  gives  the 
impression  of  having  acliieved  this  with  but  little  difficulty,  this  only  shows  how  far  he  is  from  a 
true  method  of  investigation. 

'  Schmitz,  Linosea,  1843,  p.  513.     [Similar  resulls  have  been  obtained  by  Miiller  (Thnrgau) 
with  the  negatively  heliotropic  roots  of  Chlorophylum  and  of  Monsiera  Ltnnti  (Ueb.  Heliotropismus, 
Flora,  1876),  and  by  F.  Darwin  with  those  of  Simpis  alba  (Ueb.  das  Wachsthnm  negativ  helio- 
tropischer  Wurzeln,  Atb.  d.  bot.  Inst,  in  Wiiriburg,  II,  1880).] 
3a 
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meaning  only  in  reference  to  positively  heiiotropic  organs  ;  inasmuch  afe  it  is  in  these 
cases  certain  that  the  growth  of  the  cell-wall  in  the  direction  of  the  axis  of  growth  of 
the  organ  is  retarded  and  limited  by  light.  But  even  in  this  case  the  question  cannot 
at  present  be  answered,  since  several  others  must  first  be  solved.  It  must  first  of 
all  be  decided  whether  light  acts  in  this  manner  on  the  cell-vi'all  only  when  its 
plane  of  incidence  is  inclined  to  the  axis  of  growth.  A  simitar  problem,  as  we  shall 
see,  is  presented  in  the  action  of  gravitation  on  growth.  The  various  phenomena  of 
positive  heliotropism  allow  in  fact  of  the  supposition  that  rays  of  light  which  pene- 
trate the  cell-wall  in  a  direction  parallel  to  the  axis  of  growth  of  the  organ  do  not 
hinder  growth,  while  they  do  so  more  strongly  the  more  nearly  vertical  they  are  to 
it,  whether  the  organ  be  multicellular  or  a  simple  filament.  Light  therefore  acts  more 
intensely  the  more  nearly  the  transverse  vibrations  of  the  ether  are  parallel  to  the 
surface  of  the  cell-wall.  But  the  solution  of  these  questions  would  by  no  means 
explain  the  action  of  light  on  the  growth  of  the  cell-wall ;  in  the  first  place  we  must 
know  whether  light  acts  directly  on  the  cell-wall,  or  if  the  effect  is  produced  by 
means  of  the  protoplasm,  or  by  chemical  changes  in  the  cell-sap.  But  since  we 
know  that  the  cell-wall  only  grows  so  long  as  it  is  in  contact  on  the  inside  with 
living  protoplasm,  and  that  the  protoplasm  itself  is  set  in  motion  by  light,  in  con- 
sequence of  which  it  accumulates  at  particular  parts  of  the  cell-wall  (see  Sect,  8) ; 
and  since  this,  like  the  growth  of  the  cell-wall,  is  caused  by  the  highly  refrangible 
rays — the  hypothesis  must  not  at  once  be  set  aside.  The  question  may  moreover 
be  asked  whether  light  does  not  influence  the  growth  of  the  cell-wall  by  means 
of  chemical  effects  which  it  brings  about  in  the  cell-sap  or  the  protoplasm,  which 
however  cannot  be  referred  to  assimilation,  since  they  take  place  even  in  cells 
destitute  of  chlorophyll,  as  for  instance  in  the  positively  heiiotropic  neck  of  the 
perithecium  of  Sordaria  fimiseda,  the  stipes  of  Claviceps,  and  in  many  roots  of  seed- 
lings; and  since  the  leaves  of  Dicotyledons  exhibit  relations  to  light  {pide  infra) 
which  indicate  a  chemical  action  on  assimilated  substances,  but  not  on  the  process 
of  assimilation  itself. 

So  long  as  we  lake  into  account  multicellular  organs  alone  and  merely  contrast 
green  and  etiolated  plants,  great  weight  might  be  allowed  to  the  hypothesis  of  a 
change  in  the  turgidity  caused  by  light  (brought  about  by  some  chemical  alteration 
in  the  cell-sap  and  the  consequent  change  in  diosmose ').  But  the  fact  that  even  . 
unicellular  tubes  like  those  of  Vauehiria  and  the  internodal  cells  of  Niiella  are 
positively  heiiotropic,  forbids  this  h)^othesis,  since  in  these  cases  the  side  exposed 
to  light  grows  more  slowly  than  the  other,  although  all  the  parts  of  the  cell-wall  are 
subject  to  the  same  hydrostatic  pressure  from  the  sap. 

The  examples  already  given  of  positive  heliotropism  in  submerg'ed  unicellular 
filaments,  as  welt  as  the  heiiotropic  curvings  of  multicellular  intemodes  under  water, 
show  at  once  that  they  have  nothing  to  do  with  a  more  rapid  transpiration  in- 
duced by  light  or  its  results. 

The  suggestion  would  appear  on  the  contrary  to  be  worth  more  attention  that 
the  reason  why  light  retards  the  superficial  growth  of  positively  heiiotropic  cells 
is  because  it  first  of  all  promotes  increase  of  thickness,  and  therefore  diminishes  the 

'  See  Dulrochel,  Memoires  pour  servir,  etc.,  Paris  1837,  vol.  II.  p.  60  el  sej.  [This  question  is 
discussed  in  (he  followine  small  priiil.] 
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extensibility  of  the  cell-wall  under  the  influence  of  the  pressure  of  the  sap  on 
the  side  exposed  to  ihe  strongest  light.  This  hypothesis  would  be  confirmed  by 
Kraus's  observations,  according  to  which  the  cuticularisation  of  the  epidermis  as  well 
as  the  thickening  of  the  walls  of  the  cortical  and  bast-cells  is  in  fact  imperfect  in 
etiolated  internodes,  and  the  eslensibility  of  these  cell-walls  consequently  increased 
by  the  want  of  light.  This  explanation  would  apply  not  only  in  the  case  of  the 
shaded  side  of  a  multicellular  intemode  which  curves  towards  the  light,  but  also 
in  that  of  a  Vaucheria-tahe  or  internode  of  Niiella ;  since  it  may  be  supposed 
that  the  wall  is  in  the  first  place  more  strongly  thickened  on  the  side  exposed 
to  light  and  hence  becomes  less  extensible,  and  therefore  yields  less  lo  the  pressure 
of  the  sap,  and,  in  consequence,  grows  more  slowly.  We  have  at  present  no 
observations  on  heliotropic  unicellular  filaments. 

If  it  be  proved,  as  the  recent  researches  of  Wolkoff  give  ground  for  believing, 
that  the  negative  heliotropism  of  organs  which  contain  chlorophyll  depends  as 
little  as  that  of  roots  on  the  stronger  power  of  assimilation  possessed  by  the 
side  exposed  to  the  source  of  light,  it  must  be  assumed  that  all  the  actions 
which  have  been  mentioned  as  possible  in  one  direction  may  take  place  also  in  an 
opposite  direction ;  and  this  will  show  the  great  difiiculty  of  the  investigation, 

A  complete  account  of  the  mode  in  which  gronth  depends  on  light  is  scarcely 
possible  at  present;  what  has  now  been  said  will  call  the  attention  of  the  reader  to  the 
most  important  questions  involved  In  the  investigation.  It  may  be  desirable  however  to 
collect  some  of  the  more  important  facts  at  present  known,  and  to  add  some  critical 
remarks. 

(a)  Organs  ivboie  growl h  it  retarded  hj  Ughl.  To  take  first  the  case  of  those  inter- 
nodes (including,  according  to  Hofmeister,  the  unicellular  ones  of  Nitella)  which,  when 
the  light  is  unequal  on  the  two  ?ides,  curve  so  that  the  side  facing  the  source  of  light  is 
concave  while  the  other  side  is  convex,  or  in  other  words  are  positively  heliotropic. 
These  exhibit  a  periodicity  in  their  longitudinal  growth  corresponding  to  the  alternation 
of  day  and  night,  when  the  temperature  is  sufficiently  constant.  The  growth  is  more 
rapid  from  evening  to  morning,  and  less  so  from  morning  to  evening.  Both  these  facts 
are  consistent  with  the  phenomenon  that  the  same  internodes  grow  longer,  and  often 
considerably  so,  in  permanent  darkness  than  they  would  under  normal  conditions. 
These  three  results  lead  naturally  to  the  conclusion  that  it  is  the  direct  action  of  light 
(and  only  in  fact  of  its  more  refrangible  rays,  see  Sect.  8)  which  retards  the  growth  of 
these  internodes.  In  the  case  also  of  positively  heliotropic  roots  (as  those  of  Zea  Mali, 
Lemna,  Cucurbiia,  Pht'ia,  &c.),  it  may  be  supposed  that  if  exposed  to  daylight  they 
would  exhibit  the  same  alternation  as  internodes;  but  this  is  not  yet  fully  established. 
Wolkoff  has,  on  the  other  hand,  already  sliown  in  the  case  of  some  roots,  grown  in 
water  behind  a  transparent  glass  plate,  that  they  grow  more  quickly  in  permanent 
darkness  than  under  the  alternation  of  day  and  night.  Twelve  primary  roots  of  seed- 
lings of  Pisum  sativum  gave,  for  example,  the  following  results  :— 

Day.  Sucee! 
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!  of  growth   of  primary  roots  of  seedlings  of  Ficin  Faba   \ 


'  In  these  cases  a  tendency  of  the  roots  was  observed,  though  not  a  very  decided  one, 
to  positive  heliotropic  curvature.  The  difference  in  the  rapidity  of  growth  would  no 
doubt  have  been  greater  if  the  increments  in  the  same  lime  had  been  compared  during 
the  day  only. 

The  long  narrow  leaves  of  many  Monocotyledons  exhibit  the  same  phenomena  as 
jnternodes  and  roots,  becoming  considerably  longer  in  permanent  darkness  than  under 
normal  conditions,  and  showing  positive  heliotropic  curvature  when  the  light  from  the 
two  sides  is  unequal.  The  plane  of  curvature  may  coincide  with  the  plane  of  the  leaf, 
so  that  one  margin  may  be  considerably  longer  than  the  other,  and  the  whole  leaf  there- 
fore unsymmetrical.  I  have  observed  this  very  evidently  in  a  plant  of  Friiillaria  impe- 
r/a/w  grown  in  a  window;  those  leaves  only  which  sprang  exactly  from  the  side  of  the 
stem  exposed  to  light  being  symmetrical  like  those  growing  in  the  open  air.  We  have 
at  present  no  observations  on  the  daily  periodicity  in  these  leaves  caused  by  Light. 

Observation  of  the  broad  netted-veined  leaves  of  Dicotyledons  is  much  more  difficult. 
From  the  fact  that  in  the  dark  they  remain  smaller,  and  often  very  much  so,  than 
under  normal  conditions,  it  might  be  concluded  that  their  superficial  growth  presents 
exactly  opposite  phenomena  to  those  of  intemodes  and  the  long  leaves  of  Monocoty- 
ledons. Bnt  Batalin  has  shown  that  it  is  sufhcient  to  expose  etiolated  plants  now  and 
then  to  light — the  time  not  being  long  enough  for  them  to  become  green — for  their 
growth  in  the  dark  to  be  afterwards  considerably  promoted.  This  leads  to  the  suppo- 
sition that  light  causes  in  etiolated  leaves  a  chemical  change  which  is  not  connected  with 
assimilation,  by  which  they  are  enabled  to  grow  further  in  the  dark.  In  any  case  this 
plienomenon  shows  that  there  is  no  real  contradiction  between  the  growth  of  these 
leaves  and  that  of  internodes,  and  that  the  reason  why  they  become  larger  under  the 
normal  conditions  of  light  than  in  permanent  darkness  is  not  because  light  has  a  directly 
favourable  influence  on  the  growth  of  the  cells  of  these  leaves.  The  recent  experi- 
ments of  Prantl'  rather  favour  the  hypothesis  that  green^and  therefore  healthy  and 
normil— lea\es  exhibit  the  same  diurnal  periodicity  of  growth  as  positively  heliotropic 
internodes  He  succeeded,  by  a  number  of  measurements  both  in  breadth  and  length 
of  the  leaves  of  Cucurbita  Pefo  and  Nicotiana  labacum,  taken  at  intervals  of  three 
hours,  in  constructing  curves  of  growth,  which  in  spite  of  adverse  fluctuations  of  temper- 
ature, rose  from  evening  to  morning,  attai  m  m  m  d 
during  the  day  till  evening ;  exactly  what  1  se  w  h  pos 
tropic  intemodes.  If  this  general  law  is  e  b  b 
veined  leaves  of  Dicotyledons  grow  more  q  k  t 
therefore  hindered  in  their  growth  by  light.     B 

smaller  in  permanent  darkness  because  the  g  m        b 

preted  as  an  unhealthy  condition  depending  rt  ess 

metastasis  which  must  precede  growth  and  m 

with  this  hypothesis  we  must  suppose  that 
influence  of  day  and  night,  growth  is  dii-ec       h    d      d 


'  Arbeit,  ties  hot.  Inst,  in  Wiirzburg,  Vol.  I, 
Jahrb.  t  wiss.  Bol.  XI,  1877.  From  his  obseivat 
light  promotes  the  growth  of  leaves  (of  Monocotyl 
see  Vines.  The  Influence  of  Light  upon  the  GroH 
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time  certain  chemical  cl     g     t  k    pi  h   h    n  general  make  growth  possible,  and 

enable  it  to  continue  in  th  e<J    g  <J    k  1  it  does  not  last  too  long.     That  this 

has  nothing  to  do  with     s&      1  t  h     Ti   by  Batalhi's  experiments  with   leaves 

destitute  of  chlorophyll 

If  we  now  enquire  \  h  t         th  h         1    hanges  which  light  causes  in  the  organs 

we  have  been  consider  g  d  by  h  h  th  ir  g  wth  is  retarded,  it  is  to  be  regretted 
that  no  attempt  has  yet  b  m  d  t  t  dy  th  m  in  unicellular  organs  which  exhibit 
positive  heliotropism,  2    V      he       t  'b  d       t  modes  of  Nitella,  since  they  present 

the  most  simple  case  f  m    h         1  p      t    f  view.     In  the  case  of  the  internodes 

of  Phanerogams  which       ns  t     f  t  1  y  rs     f  tissue,  Kraus  found  in  the  etiolated 

State  a  smaller  tension  b  t  th     m  dull    j     nd  cortical  layers,  and  that  the   cell- 

walls  of  the  layers  of  t  pi       d  t  t      f  pas^ve  tension  by  the  pith  were  less 

thickened,  ligaified,  and  t  1  d  It  t  11  w  that  these  last  are  more  extensible  than 
in  the  normal  intemode       d  th      f  if     1  esistance  to  the  tendency  of  the  pith 

toelongate.    If  we  suppose  th  t  11  1     t  b      light  also  increases  the  cuttcularisation 

and  thickening  of  the  cell  w  11  th  all  11  ff  g  eater  resistance  to  the  pressure  of  the 
cell-sap,  will  become  less  stretched,  and  will  therefore  grow  more  slowly^. 

But  little  can  be  inferred  as  to  the  mechanical  influence  of  light  on  growth  from  the 
changes  in  the  tension  of  the  tissues  on  the  convex  and  concave  sides  of  internodes  with 
positive  heliotropic  curvature.  If  such  an  internode  is  split  lengthwise  so  that  the  side 
exposed  to  light  is  separated  from  the  other  side,  the  former  becomes  more  concave, 
while  the  latter  becomes  less  convex  or  even  somewhat  concave  towards  the  shaded  side. 
In  other  words,  the  tension  between  the  outer  and  inner  layers  is  greater  o 
side  exposed  to  light  than  on  the  convex  shaded  side.  But  the  same  pher 
occurs  also  in  Internodes  with  an  upward  geotropic  curvature,  and  with  negatively 
heliotropic  internodes,  as  well  as  with  twining  tendrils;  and  could  not  in  fact  be 
otherwise. 

(b)  0/ Negathrely  heliotropic  organs'^  only  a  comparatively  small  number  are  at  present 
known.  Among  those  which  contain  chlorophyll  may  be  named  the  hypocotyledonary 
portion  of  the  stem  of  the  seedling  of  the  Mistletoe,  the  older  nearly  mature  internodes 
of  the  Ivy  and  Tropnolum  majus,  and  the  basal  portions  of  the  tendrils  of  the  Vine,  Vir- 
ginian Creeper,  and  Bignonia  copreolata.     I  pass  over  at  present  the  doubtful  negative 


*  [With  reference  to  the  action  of  light  upon  growth,  it  is  now  universally  admitted  ihat  the 
effects  either  of  retardation  or  of  curvature  which  it  produces  are  the  esptession  of  modification  of 
the  tui^idity  of  the  growing  cells.  Three  suggestions  have  been  made  aa  to  the  way  in  which  this 
modification  is  brought  about ;  (i)  by  a  change  in  the  elasticity  of  the  cell-wall,  (2)  by  a  change  in 
the  osmotic  properties  of  the  cell-sap,  (3)  by  a  change  in  the  permeabilily  of  the  protoplasm.  Some 
evidence  in  favour  of  the  first  of  these  is  given  above  in  the  text,  and  it  is  further  supported  by 
pfeffer  (Physiologie,  II.  145,  1881)  and  by  Wiesner  (Heliotropische  Erscheinungen,  II.  p.  5).  De 
Vries  states  (innete  Voigange  bei  den  Wachsthiimskjiinimungen)  that  'external  and  internal  causes 
produce  cnrvatures  in  growing  multicellular  oi^ans  because  they  promote  the  formation,  in  the  cells 
of  one  side  of  the  organ,  of  subslajices  which  are  osmolically  active.'  For  the  arguments  in  favour 
of  the  third  suggestion  see  Vines,  The  Influence  of  Light  on  the  Growth  of  Unicellular  Organs,  Arb. 
d.  bot,  Inst,  in  Wuriburg,  II,  1878. 

It  is  impossible  to  enter  here  upon  a  detailed  criticism  of  these  various  views.  The  following 
remafks  must  suffice.  With  reference  10  No.  i,  it  i»  diBitult  to  understand  how  it  can  be  satisfac- 
toriljapplied  to  explain  the  action  of  light  upon  unicellular  organs,  seeing  that  the  effects  are  so 
rapi^  prodnced,  nor  is  it  clear  how  both  positive  and  negative  heliotropism  can  be  explained  by 
meatS  of  it.  No.  2  clearly  cannot  account  for  positne  and  negative  heliotropism  in  the  case  of 
unicellniar  organs,  and  its  application  to  the  case  of  multicellular  oi^ans  is  not  obvious.  As  to  No.  3, 
We  know  at  least  that  light  does  act  upon  the  protoplasm  of  zoogonidia,  chlorophyll^ranules,  etc, 
and  there  seems  to  be  no  reason  why  it  should  not  act  directly  upon  that  of  growing  cells.] 

=  Knight,  Phil.  Trans.  1812,  p.  314.— Dutrocbet.  Memoires,  S:c.,  vol.  II.  p.  6  ei  sej.— Durand 
and  Payer's  statements. — Compare  Sachs,  lixper.-Phys.,  p.  41. 
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heliotropism,  as  I  think,  of  the  thalius  of  Marchantia  and  the  prothallia  of  Ferns,  as 
well  as  of  other  decidedly  bilateral  organs.  Among  organs  which  are  not  green  must  be 
especially  mentioned  the  negatively  heliotropic  aerial  roots  of  Aroidese  and  epidendral 
Orchids ' ;  but,  beyond  all  others,  the  roots  of  Chloropbytum  guayanum,  which  are  ex- 
tremely sensitive  to  light  coming  from  one  side.  Negative  heliotropism  has,  in  addition, 
been  stated  to  occur  in  the  roots  of  seedlings  of  Cichoriacea:,  Crucifene,  &c.,  and  has 
recently  been  certainly  determined  by  Wolkoff  in  the  case  of  Braisica  Napus  and  S'mapij 
alba.  Among  unicellular  organs  destitute  of  chlorophyll  the  only  ones  known  at  present 
with  certainty  to  be  negatively  heliotropic  are  the  root-hairs  oi  Marchantia  (Pfeffer). 

The  observation  that  a  number  of  organs  destitute  of  chlorophyll  and  endowed  with 
negative  heliotropism,  and  in  particular  the  highly  sensitive  roots  of  Chloraphjitum,  are 
very  transparent,  led  WolkofF  to  the  hypothesis  that  the  rays  of  light  may  be  refracted 
by  their  cylindrieo- conical  shape,  so  as  to  produce  a  more  intense  illumination  of  the 
tissue  on  the  side  removed  from  the  source  of  light  than  on  that  exposed  to  it;  and  that 
therefore  the  concave  curvature  on  the  former  side  is  in  fact  a  form  of  p<Kitive  helio- 
tropism. The  apices  of  roots,  when  separated  by  a  transverse  section,  if  illuminated 
from  one  side  and  viewed  from  above,  exhibit  exactly  the  optical  conditions  which  are 
assumed  by  this  hypothesis.  It  must  however  not  be  forgotten  that  the  apices  of  roots 
which  are  by  no  means  negatively  but  at  an  earlier  period  even  positively  heliotropic, 
like  those  of  Vicia  Fabo,  manifest  the  same  phenomenon,  though  perhaps  to  a  lesser 
degree.  Whether,  on  the  other  hand,  it  is  possible  to  suppose  a  similar  refraction  of 
light  in  the  case  of  the  very  thin-walled  negatively  heliotropic  root-hairs  of  Marchantia, 
is  still  in  doubt.  Further  researches  must  show  whether  Woikoff's  suggestion  is  tenable 
or  not.  The  Rhizomorphs  would  probably  alTord  good  material  for  observations  on 
this  subject,  since,  according  to  the  researches  of  Schmitz,  they  are  distinctly  negatively 
heliotropic,  and  yet  they  grow  more  slowly  in  light  than  in  darkness. 

In  the  cases  of  the  older  internodes  of  the  Ivy,  which  are  only  very  slightly  trans- 
parent, the  older  and  lower  parts  of  tendrils,  &c.,  the  existence  of  an  active  focal  line 
on  the  shaded  side  cannot  be  admitted,  because  this  would  evidently  imply  that  it 
included  more  intense  blue  and  violet  light  than,  from  the  fact  that  the  tissue  which  is 
penetrated  by  the  light  contains  chlorophyll,  it  is  probable  it  does.  The  negatively 
heliotropic  curvature  takes  place  however,  at  least  in  the  Ivy  as  well  as  in  the  roots  of 
Chlorophytum,  Only  in  highly  refrangible  light  {after  passing  through  an  ammoniacal 
solution  of  copper  oxide),  not  in  yellow  light  {which  has  passed  through  potassium 
bichromate).  If,  as  Wolkoif  at  one  time  supposed,  the  more  vigorous  nourishment, 
».  e.  accumulation  of  assimilated  substances,  were  the  cause  of  the  more  rapid  growth 
on  the  side  exposed  to  light  in  this  class  of  negatively  heliotropic  organs,  they  ought  to 
curve  much  more  strongly  in  the  less  refrangible  (red,  orange,  or  yellow)  than  in  the 
more  refrangible  rays.  This  hypothesis  would  moreover  fail  to  explain  why  the  same 
internodes  which  when  young  showed  decided  positive  heliotropism,  at  a  later  period 
when  their  growth  has  almost  ceased  manifest  the  opposite  behaviour  towards  light. 

The  experiments  which  Wolkoff  is  now  (187  j)  carrying  on  in  the  botanical  laboratory 
at  Wiirzburg,  and  which  are  not  yet  completed,  lead  at  present  to  the  conclusion  that 
there  are  two  kinds  of  negatively  heliotropic  organs.  In  one  kind  are  included  roots,  in 
which  the  negatively  heliotropic  curvature  takes  place  near  the  apex  at  the  spot  where 
growth  is  most  rapid;  to  the  other  kind  belong  internodes  where  the  negatively  helio- 
tropic curvature  takes  place  only  at  the  older  parts  whose  growth  is  completed,  while 
the  young  quickly-growing  parts  manifest  positive  heliotropism.  In  these  latter  cases 
the  additional  peculiarity  occurs  that  the  older  parts,  after  being  exposed  to  light  on 
one  side,  will  continue  for  some  time  to  curve  in  the  dark  so  that  the  side  previously 
exposed  to  light  becomes  still  more  convex.  This  is  a  property  which  appears  to  be 
wanting  in  organs  of  the  first  kind  as  well  as  in  those  that  are  positively  heliotropic. 


'  Accoiding  to  a  great  number  of  observations  of  my  own  and  statements  of  olhers. 
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It  is  evident  that  we  are  here  confronted  with  an  unsolved  problem ;  and  when  all 
the  facts  liave  been  taken  into  consideration,  the  theory  that  there  are  two  kinds  of 
cells,  the  growth  of  one  of  which  (positively  heliotropic)  is  retarded  by  light,  whilst 
that  of  the  other  kind  (negatively  heliotropic)  is  promoted  by  it,  may  he  the  simplest 
and  most  in  accordance  with  facts.  This  difference  is  the  less  remarkable  since  in  the 
behaviour  of  growing  cells  with  respect  to  gravitation  we  find  a  precisely  similar  differ- 
ence, but  much  more  strongly  marked '. 

Sect.  zi. — Action  of  Gravitation  on  Growth  in  Length: — Qeotropism*. 

It  has  already  been  shown  in  Sect.  10  that,  when  the  access  of  light  is  equal  on  all 
sides  or  when  heJiotropism  is  prevented  by  the  exclusion  of  light,  gravitation  is  the 
cause  of  certain  organs  turning  downwards,  others  upwards,  and  others  again  in 
a  direction  oblique  to  the  horizon.  At  present  we  shall  speak  only  of  those  which 
take  a  direction  directly  upwards  or  downwards,  since  other  causes  co-operate  to 
bring  about  an  oblique  growth. 

Just  as  organs,  according  to  their  internal  nature,  grow  either  more  rapidly  or 
less  rapidly  on  the  side  which  faces  the  source  of  light  than  on  the  other  side,  so  also 
gravitation  effects,  in  accordance  with  the  nature  of  the  organs,  either  an  acceleration 
or  a  retardation  of  growth  on  the  side  which  faces  the  earth.  Those  organs  which 
are  thus  retarded  in  their  growth  are  called  posilively  geolropic,  those  which  are 
accelerated  negatively  geolropic  organs.  Positively  geotropic  organs  consequently 
become  concave  on  the  under  side,  and  direct  their  growing  apex  downwards  if 
their  axis  of  growth  is  brought  into  a  horizontal  or  oblique  direction  ;  negatively 
geotropic  organs,  on  the  contrary,  become  convex  on  the  under  side  under  similar 
conditions,  and  elevate  their  growing  apex  until  it  stands  erect. 

It  has  not  yet  been  ascertained  whether  positively  geotropic  organs  would  mani- 
fest a  different  rapidity  of  growth  if  entirely  withdrawn  from  the  influence  of  gravi- 
tation (like  positively  heliotropic  organs  when  withdrawn  from  the  influence  of  light) 
from  that  displayed  when  gravitation  acts  in  a  direction  parallel  to  the  axis  of 
growth'.     It  would  seem  however  as  if  gravitation  only  affected  the  rapidity  of 

'  Schmil;,  Linniea,  1843,  p.  513  tt  seq.  If,  as  can  scarcely  be  doubted,  Schmitz's  statements 
with  regard  to  Rhizomorphs  are  confirmed,  it  results  that  no  certain  inference  can  be  drawn  as  to 
the  positive  hetiotropism  of  an  organ  from  the  fact  that  its  growth  is  more  rapid  in  the  dark.  We 
could  scarcely  have  a  hetter  proof  of  the  necessity  for  a  fresh  and  more  accurate  investigation  of  all 
the  phenomena  of  heliotropism.  [Schmitz's  observations  have  been  confirmed,  in  other  cases,  by 
MiiUer  and  F.  Darwin  (see  atUi).'\ 

'  Knight,  Phil.  Trans.  1806,  vol.  I.  pp.  99-108.— Johnson,  Edinbui^h  PhlL /ourn.  1828,  p.  312. 
— Dutrochet,  Ann,  des  Sci.  Nat.  1833,  p.  413.--Wigajid,  Boian.  Untersuch.  Braunschweig  1854, 
P-  133-— Hofineister,  Jahrb.  fur  wissensch,  Bot.  vol.  III.  p.  77,— Ditto,  Bot.  Zeitg.  1868,  Nos,i6, 17, 
and  1869,  Nos.  3-6.— Frank,  Beitrage  znr  Pflanzen-Phys.  Leipzig  1868,  p.  i.— Miiiler,  Bot.  Zeitg, 
1869  and  1871.— Spescheneff,  Bot.  Zeitg.  1870,  p,  65.— Ciesielsld.  Untersuch.  ilber  die  Abwarts- 
kiiimmung  der  WurMln,  Bresjau  1871.— Sachs,  Arbeit,  des  bot.  Inst,  in  Wiirzburg  iSja,  Heft  3. 
Abh.  4  and  J.— Ditto,  Exper.-Phys.,  p.  505.^ Ditto.  Flora,  1873,  No.  il.  [Darwin  (Movements  of 
Plants)  terms  what  are  here  termed  positive  and  negative  geotropism, '  geolropism '  and  '  apogeo- 
tropism '  respectively.  He  considers  that  both  positive  and  negative  geotropism  are  modified  forma 
ofcircumnutation(i«,>iAo).] 

'  [Klfving  has  found  (Beit.  z.  Kennt.  d,  physiol.  Einwirknng  der  Schwerkraft,  Helsjngfors  1880) 
that  when  the  sporangiophores  of  Fkycomyces,  which  are  negatively  geotropic,  are  grown  in  an  inverted 
position,  their  growth  is  not  so  rapid  as  it  is  under  ordinary  conditions ;  that  ia,  that  they  grow  less 
rapidly  in  tbe  direction  of  the  action  of  gravity  than  in  the  opposite  direction.] 
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growlh  when  its  direction  cuts  that  of  the  axis  of  growth  at  an  angle,  and  the  more' 
so  the  nearer  ihe  angle'  approaches  a  right  angle. 

The  positive  or  negative  character  of  geolropism  depends  as  liitle  as  that  of 
heliotropism  on  the  morphological  nature  of  the  organ.  Not  only,  for  example,  are 
all  the  primary  roots  of  the  seedlings  of  Phanerogams  positively  geotropic,  and  most 
secondary  roots  which  spring  from  underground  stems,  as  tubers,  bulbs,  or  rhizomes; 
but  also  many  leafy  lateral  shoots,  especially  those  which  are  destined  to  produce 
rhizomes  or  to  form  new  bulbs  {e.g.  Tulipa,  Physalis,  Polygonum,  &e.),  and  even 
foliar  structures,  like  the  cotyledo nary  sheaths  of  Allium,  Pkanix,  o-fiA  many  other 
Monocotyledons.  Among  positively  geotropic  organs  must  also  be  included  the 
laraellce  and  tubes  of  the  hymenium  of  Hymenomycetous  Fungi.  All  axes  which  grow 
upright  {and  are  not  bilateral),  petioles,  and  the  stipites  of  many  Hymenomycetous 
Fungi,  exhibit,  on  the  other  hand,  decidedly  negative  geotropism. 

The  geotropism,  like  the  heliotropism,  of  different  organs  varies  in  all  degrees. 
It  is,  for  example,  manifested  very  strongly  in  the  primary  roots  and  upright 
primary  stems  of  seedlings ;  much  less  strongly  in  the  secondary  roots  and  in 
lateral  branches  of  erect  stems,  &c.  It  appears  to  be  the  general  rule  that  when 
lateral  shoots  of  the  same  kind  spring  from  a  vertical  and  therefore  decidedly 
geotropic  organ,  the  branches  of  the  first  order  are  less  geotropic,  and  the  further 
ramifications  still  less  so  the  higher  the  order  to  which  they  belong ;  the  exceptions 
to  this  rule  may  be  caused  by  special  circumstances.  This  gradation  is  very  obvious 
in  roots.  From  the  primary  root  or  a  strong  root  springing  from  the  stem  with 
well-marked  positive  geotropism,  proceed  secondary  roots  of  the  first  order  which 
exhibit  the  phenomenon  much  less  decidedly ;  and  from  these  again  secondary  roots 
of  the  second  order  which  apparently  are  not  at  all  geotropic,  and  therefore  grow  in  all 
directions  as  they  may  chance  to  originate.  Geotropism,  like  heliotropism,  does  not 
depend  on  the  organ  containing  or  not  containing  chlorophyll,  nor  on  whether  it 
consists  of  masses  of  tissue  or  of  a  simple  row  of  cells  or  of  a  single  cell.  To  this 
last  category  belong,  for  example,  the  positively  geotropic  radical  hyphje  of  the  Mu- 
corini  and  the  negatively  geotropic  sporangiophores  of  the  same  family  and  of 
numerous  other  Mould-fungi.  In  the  same  manner  the  rhizoids  of  Chara  display 
positive,  the  stems  negative  geotropism,  both  consisting  of  unicellular  segments,  the 
former  destitute  of  chlorophyll,  the  latter  green.  Whether  and  how  strongly  an 
organ  is  positively  or  negatively  heliotropic  or  geotropic  depends  altogether  on  its 
importance  in  the  economy  of  the  plant,  and  hence  on  its  physiological  functions. 

From  the  remarkable  fact  that  there  are  organs  endowed  with  positive  and 
negative  heliotropism  and  geotropism,  and  from  many  similarities  exhibited  by  the 
two  phenomena,  the  question  presents  itself  whether  all  positively  heliotropic  organs 
must  not  possess  one  description  of  geotropism  either  positive  or  negative,  or  vice 
versd;  in  other  words,  whether  the  two  properties  do  not  stand  in  some  definite 
relation  to  one  another.  This  does  not  however  appear  to  be  the  case.  Of  primary 
roots,  all  of  which  are  positively  geotropic,  some  display  positive,  others  negative 
heliotropism ;  and  again,  the  aerial  roots  of  Chhrophytum,  Aroidese,  and  Orchideas 
display  very  distinct  negative  heliotropism,  but  are  scarcely  at  all  geotropic.  According 
to  Schmitz  the  same  is  the  case  with  the  Ehizomorphs.  There  appears  therefore  to 
be  no  necessary  connection  between  the  two  pher 
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It  is  clear  that  organs  which  are  both  heliotropic  and  geolropic,  and  on  which, 
since  they  lie  obliquely  to  the  horizon,  the  light  falls  from  above  or  from  below,  are 
subject  to  changes  in  their  growth  dependent  both  on  light  and  on  gravitation. 
Thus,  for  example,  the  bending  upwards  of  a  branch  placed  horizontally  on  which 
the  light  falls  from  above  may  be  caused  at  the  same  time  by  positive  heliotropism 
and  by  negative  geotropism.  An  erect  stem,  on  the  other  hand,  which  turns  helio- 
tropically  towards  a  source  of  light  at  the  side  and  thus  makes  a  curvature  which  is 
concave  below,  will  have  a  tendency  to  become  erect  in  consequence  of  its  negative 
geotropism,  and  would  do  so  if  the  light  falling  on  it  were  removed.  Stems  there- 
fore which  in  the  evening  were  bent  by  positive  heliotropism,  will  stand  upright  in 
the  morning.  These  considerations  are  evidently  of  the  first  importance  in  making 
observations  on  the  two  phenomena. 

We  have  already  seen  that  no  clear  idea  has  yet  been  obtained  of  the  mode  in 
which  light  acts  in  influencing  the  growth  of  heliotropic  organs.  As  little  are  we  at 
present  m  a  condition  to  affirm  h  wthe  acceleration  or  relardat  on  of  the  growth  of  the 
cell  walls  results  from  the  action  of  gru  taUon'  The  hypotheses  and  con  iderations 
there  stated  ma)  be  repeated  here  mulilis  mutandis  Particular  stress  must  be  laid 
on  the  fact  thit  n  ovements  are  mduced  m  protoplasm  by  the  action  of  gra\itaiion 
)ust  asi  bv  the  action  of  li^hf  Thus  Rosanoff  showed  that  the  plasmodia  of  £lh  i- 
hum  seph  um  are  negatively  geotropic  creeping  under  the  influence  of  gravitation 
o\er  steep  moist  walls  ind  turning  under  the  action  of  centrifugal  force  towards 
the  centre  of  rotation  thej  take  therefore  those  directions  which  would  be 
least  expected  from  their  apj  arently  fluid  condition  The  question  suggests  itself 
\\hether  there  is  not  also  protoplasm  which  beha\es  in  th  s  re'^pect  m  an  exactly 
opposite  manner  and  from  the  dependence  of  the  growth  of  the  cell  wall  on  the 
activity  and  probably  also  01  the  disposition  of  the  prolophsm  in  the  cell  the  hipo 
thesis  must  not  be  altogether  set  aside  that  all  gcotropic  phenomena  are  n  the  hrst 
place  caused  by  the  protoplasm  taking  up  definite  positions  m  the  cells  under  the 
influence  of  gravitation  and  thus  accelerating  or  retarding  the  growth  of  the  cefl  walls 
on  the  under  sides  '^ince  nothmg  11  known  on  this  subject  we  must  direct  our 
attention  solel)  to  the  grow  th  of  the  cell  walla  leaving  it  undecided  w  hether  the  effect 
of  gravitation  be  direct  or  indirect 

In  order  to  state  Oearl}  the  prrblem  how  gravitation  acts  on  the  growth  of  the 
cell  wall'  we  may  consider  is  tl  e  simplest  example  a  un  cellular  filament  such  as  we 
find  m  Vaucherta  tlie  posteiior  end  of  which  de^elopes  as  a  positiiel)  gtotropic 
root  the  anterior  end  as  a  negat  \el)  geotropic  stem  tig  482  4  may  represent  this, 
assuming  that  the  w  hole  filament  gre  \  at  first  m  a  vertical  d  rection  either  uj  wards  or 
downwards  but  was  then  jlaced  m  a  horizontal  position  as  shown  by  the  li^ht  out 
hues  S  and  H      After  some  time  the  radical  end  would  show  a  downward  curvature, 

'[See  note  on  p.  8i7.] 

°  Rosanoff,  De  rinfluence  d'attraction  terrestre  sur  la  direction  des  plasmodia  des  Myxomycites 
(M^moires  de  la  Societe  impetiale  des  sciences  de  Cherbourg,  vol.  XIV).  [According  to  Stiasburger 
(Wirk.  des  Lidits  vmd  der  Warme  auf  Schwarmsporen,  Jenaisch.  Zeitschr.,  XII,  187S)  this  apparent 
negative  geotropism  of  the  plasmodia.  is  due  simply  to  the  fact  that  they  tended  to  travel  against  the 
direction  of  tlie  stream  of  water  by  which  ttiey  were  kept  moist  during  the  experiments.] 

'  Duchartrc's  assertions  on  geotropism  in  his  Observations  sur  le  r^tonraement  des  Champignons 
(Compt.  rend.  1870,  vol.  LXX.  p.  781)  show  that  he  has  not  cleatly  comprehended  the  question. 


vGooqIc 


842  MECHANICS   OF  GROWTH. 

like  W,  the  part  5"  on  the  contrary  [he  upward  curvature,  as  S'.  It  is  self-evident 
that  each  of  these  curvatures  can  only  result  from  the  growth,  equal  on  all  sides 
when  the  organ  is  erect,  having  now  become  unequal  on  the  upper  and  under  sides, 
the  convex  growing  in  both  cases  more  quickly  than  the  concave  side. 

If  we  now  apply  the  results  of  my  experiments  on  infernodes  and  nodes  of 
Grasses  which  curve  upwards  to  the  simple  tube,  the  growth  is  found  to  be  more 
rapid  on  the  convex  under  side,  less  rapid  on  the  upper  side  of  the  upwardly  curved 
part,  than  when  it  grew  erect.  It  may  be  assumed,  from  Ciesielski's  measurements  of 
roots,  that  when  the  filament  curves  doivnwards  the  growth  has  beenmore  rapid  on 
the  convex  upper  side,  less  rapid  on  the  concave  under  side,  than  if  the  curved  part 
had  grown  onwards  in  a  vertical  direction.  In  other  words,  when  the  filament  is 
placed  in  a  horizontal  position  the  growth  is  accelerated  on  the  upper  side  of  the 
positively  geotropic  part'  and  on  the  under  side  of  the  negatively  geotropic  part,  but 
always  retarded  on  the  opposite  sides. 

If  therefore  we  assume  that  in  Fig.  4S2  5  the  two  side  walls  of  a  transverse  disc 
of  the  part  So(  the  filament  when  in  an  upright  position  had  lengthened  in  a  definite 
time  to  the  equal  lengths  00  and  uu,  it  would  have  remained  straight;  but  if  the 


tube  had  been  placed  horizontally  during  this  time,  the  lower  side  would  have  attained 
the  greater  length  u'  u',  the  upper  side  the  shorter  length  c'  o',  and  the  piece  must  in 
consequence  become  curved.  Exactly  the  opposite  would  be  observed,  as  shown  in 
Fig.  483  C,  if  the  growing  piece  belonged  to  the  part  Wotihe  filament. 

If  now  the  unicellular  filament  A  were  supposed  divided  by  transverse  and  lon- 
gitudinal divisions  into  a  tissue  consisting  of  a  number  of  layers  of  cells  ;  or  if,  what 
amounts  to  the  same  thing,  a  stem  of  a  seedling  were  supposed  to  be  substituted  for 
the  part  S  of  the  filament,  and  a  root  for  the  pari  W,  the  same  phenomena  would 
occur,  as  experiments  have  shown,  in  every  eel!  of  the  growing  part,  as  those  pre- 
viously observed  in  the  filament.  In  the  part  S  every  cell  would  grow  more  rapidly 
on  the  under  side,  less  rapidly  on  the  upper  side  than  if  the  part  were  upright,  the 
reverse  in  the  part  W.  We  should  find  that  in  S  both  the  upper  and  under  sides  of 
any  cell  (/.  e.  upper  and  under  in  relation  to  the  radius  of  the  earth)  are  longer  than 
those  of  the  cells  situated  above  it,  the  reverse  in  W;  in  other  words,  that  every  indi- 
vidual cell  of  a  part  which  shows  geotropic  curvature  behaves  in  the  same  way  as  if 
the  part  previously  straight  were  held  firmly  by  the  two  ends  and  then  bent.  This 
will  be  made  clearer  to  the  student  if  in  the  portion  of  the  curved  part  included  in 
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A  lines  are  drawn  parallel  both  to  the  straight  and  the  curved  outlines,  and  the  septa 
of  the  cells  are  then  indicated  in  the  straight  piece  simply  by  parallel  lines  crossing 
the  first  at  right  angles,  in  the  curved  part  by  lines  corresponding  to  the  radii  of 
curvature.  The  cells  exposed  by  longitudinal  sections  through  nodes  of  Grasses 
and  roots  endowed  with  geoiropic  curvature  exhibit  this  phenomenon,  although 
with  many  irregularities. 

Now  that  the  facts  connected  with  the  geotropism  of  the  cell-wall  have  thus 
been  made  clear,  we  may  proceed  to  the  question,  why  or  by  what  effect  of  gravita- 
tion these  differences  are  occasioned  in  the  growth  on  the  upper  and  under  sides  of 
every  cell  of  a  geotropic  organ  when  placed  in  a  horizontal  position.  We  have 
at  present  however  no  answer  to  this  question,  any  more  than  in  the  case  of  helio- 
tropism,  the  same  diagram  availing,  mutatis  mutandis,  for  the  two  phenomena. 

The  view  brought  forward  by  Hofmeister,  and  for  some  time  adopted  by  me, 
that  positive  geotropism  occurs  only  in  those  organs  and  in  those  parts  of  organs 
in  which  there  is  no  tension  in  the  tissues,  while  the  organs  in  which  there  is  strong 
tension  are  negatively  geotropic,  rested  on  imperfect  induction.  On  the  one  hand,  ■ 
the  parts  of  the  roots  of  seedlings  which  curve  downwards  {as  1  have  shown  else- 
where) are  not  entirely  without  tension  between  the  cortex  and  the  axial  fibro- 
vascular  cylinder ;  while,  on  the  other  hand,  in  the  nodes  of  Grasses,  although  they 
display  a  high  degree  of  negative  geotropism,  there  is  no  or  very  little  such  tension. 
Even  in  the  negatively  geotropic  contractile  organs  of  the  petioles  of  Phmeolus^  the 
tension'  between  the  cortex  and  the  axial  bundle  is  of  a  similar  character  to  that 
which  occurs  in  positively  geotropic  roots,  but  extremely  intense.  If  therefore  the 
tension  of  tissues  and  the  alteration  effected  in  it  by  the  influence  of  gravitation 
cannot  be  considered  as  the  cause  of  the  upward  curvature,  it  may  still  be  admitted 
that  it  is  useful  to  upright  organs  by  increasing  their  rigidity  and  elasticity,  thus 
malting  them  more  readily  assume  the  erect  position ;  while  this  would  be  quite 
unnecessary  in  those  that  grow  downwards. 

A  good  illustration  of  the  part  played  by  rigidity  and  elasticity  in  producing  the 
erect  position  of  negatively  geotropic  organs  is  afforded  by  the  pendent  pedicels  of 
many  flowers  and  flower-buds,  in  which  the  tendency  to  curve  upwards  is  altogether 
obscured,  the  weight  of  the  flower  being  sufficient  to  bend  the  pedicel  downwards. 
If  in  such  cases  the  flower-buds  are  cut  off,  the  pedicel  becomes  erect'  from  the 
stronger  growth  of  the  under  side,  as  e.g.  in  Clematis  integrifolia,  Papaver  pihsun 
and  dubiu/n,  Geum  rivak,  and  Anemone  pratensis.  The  tension  in  the  tissue  of  such 
pedicels  is  not  suEBcient  to  give  them  the  rigidity  needfuh  to  overcome  the  weight 
of  the  flower  by  their  geotropic  curvature  upwards ;  this  weight,  on  the  contrary, 
overcomes  the  tendency  of  the  pedicel  to  curve  convexly  on  the  lower  side,  which 
tendency  comes  into  play  when  the  weight  is  removed.  The  same  is  the  case  in  very 
long  but  not  very  rigid  shoots,  as  those  of  the  Weeping  Willow,  Weeping  Ash,  &c. 

If  a  number  of  organs  grow  in  a  horJKontal  or  oblique  direction  without  curving 
either  upwards  or  downwards,  this  may  result  from  their  not  being  geotropic'  and 

'  Sachs,  Experimenlal-Physiologie,  p.  105. 

'  See  De  Vries,  in  Arbeiten  des  Bot.  Inst.  Wiirzburg,  Heft  II,  p.  219. 

'  [Elfving  (Ueb.  einige  horizontal- wachsende  Rhiionie,  Arb.  d.  bot.  Inst,  in  Wiirzburg,  II.  3, 
1880)  has  found  that  the  rhizomes  of  certain  plants  {Heliockarispaloslris,Spargimi7imTatmsv7ii,Scirpiis 
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growing  straight  forward  in  the  direction  of  their  first  origin,  just  as  rootlets  of  a_ 
high  order  grow  downwards  from  the  under  side  of  iheir  parent  root,  upwards  from 
the  upper  side,  horizoritally  from  the  vertical  sides,  or  continue  to  grow  straight  and 
oblique  according  to  the  direction  of  the  primary  root.  To  this  must  be  referred, 
among  other  phenomena,  the  striking  one  described  by  me  that  plants  which  grow  in 
uniformly  moist  soil  emit  a  large  number  of  fine  roots  out  of  it  with  their  apices  pointing- 
upwards;  these  are  rootlets  of  the  first  or  second  order  which  spring  from  the  upper 
side  of  horizontal  or  oblique  parent  roots  and  grow  straight  upwards  without  being 
geotropic.  If  the  air  is  able  to  enter  the  ground  freely,  its  surface  is  often  dry,  and 
the  fine  roots  which  are  directed  upwards  die  off,  as  I  have  ascertained  by  growing 
plants  in  glass  vessels  filled  with  earth. 
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grow  in  a  flat  curve  concave  upwards.  But  external  causes  may  also  act  in  oppo- 
sition to  geotropism  even  when  this  is  very  strongly  developed.  Thus  Knight  and 
Johnson  have  shown,  as  I  have  recently  described  more  in  detail,  that  primary  roots 
with  strong  positive  geotropism,  as  well  as  secondary  rootlets,  when  growing  in 
moderately  damp  air,  deviate  from  their  vertical  or  oblique  direction  when  there  is  a 
moist  surface  near  them^.  Under  these  circumstances  a  curvature  concave  to  the 
moist  surface  takes  place  at  the  region  below  the  apex  where  there  would  otherwise 
be  a  downward  curvature,  the  apex  being  by  this  means  conducted  towards  the  moist 
surface  so  that  it  may  penetrate  into  the  moister  soil  or  grow  in  contact  with  it. 
The  apparatus  represented  in  Fig.  483  is  well  adapted  to  exhibit  this  phenomenon. 
It  consists  of  a  zinc  frame  a  a  covered  below  with  wide-meshed  network,  thus  form- 
ing a  sieve  hanging  obliquely  and  filled  with  racist  sawdust//!  The  seeds  ggg 
germinate  in  the  sawdust,  their  roots  penetrating  at  first  vertically  downwards  into  it. 
When  the  apex  of  a  root  escapes  through  the  network  into  air,  which  is  not  too 
dry,  it  turns  towards  the  moister  surface  h~m,  its  geotropism  being  thus  evidently 
overcome. 


The  foregoing  account  is  intended  to  give  the  reader  a  general  idea  of  the  various 
debatable  points  which  are  especially  to  be  remembered  in  the  study  of  Geotropism 
and  to  which  frequent  reference  is  made  in  the  literature  of  the  subject.  Until  recently 
,  there  were  no  complete  observations  or  measurements  of  the  growth  which  necessarily 
accompanies  geotropic  curvature,  or  as  to  the  true  form  of  the  curvature  and  its 
relation  to  time  and  other  conditions,  which  might  give  some  clue  as  to  the  nature 
of  the  internal  changes  which  effect  externally  the  upward  or  downward  curvature. 
I  have  endeavoured  to  supply  these  in  the  papers  mentioned  at  the  beginning  of  this 
section.  The  observations  were  made  upon  organs  of  which  the  geotropism  was  well- 
marked,  such  as  erect  growing  stems,  the  nodes  of  grass-haulms,  and  downward-growing 

.  T/     pw    d     ri  iture  ^ Items  vubich  Konttalij grow  erect^.     My  observations  were 

ost  part  on  the  thick,  firm,  long  internodes  of  scapes  which  attain  a  con- 

:    n       short  time,  the  smooth  surface  of  which  can  be  marked  with 

11  f  t         IS      m    t    f  th    p    t         th         d     t  d     Th 


made  f 
siderabi 


t    t     1 
1  d    by 


hoots  as      11 
f  fl     bl 


t  tl 


f    t 


was  printed. 

In  order  to  b  p     t 

the  upward  cu      t  f    I 

growth  in  these      ga      m    I 
in  Sect.  17.     At  fi    t  th 
is  undergoing    I    gat  j 

only  a  certain      mb        f 
taken  into  con   d  rat       h 
which  is  capabl      f       kg 
the  region  in     h    h  g    wth 
apex ;  apical  gro    th      th 
able  that  simll  t         d 

thus  in  the  sc  p       f  ^11 


t  p  pe 
th    ph 


1 


P        d  gr 
1>    gbl 


I  basal  g       th  tl 
f    los  \y    II   d  pi 


'  [This  eihibitio 

ements  of  Plants,  p.  180).] 

'  Sachs,  Flora,  1873,  No. 
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Alliurn  Porriim  and  of  Allium  Cepa  the  growth  is  basal.     The   position  and  the  form 
of  the  geotropic  curvature  is  therefore  different  in  the  two  cases. 

The  length  of  the  growing  region,  when  fully  developed  parts  already  exist,  is 
greatest  at  a  certain  time,  after  which  It  diminishes  as  the  stem  gradually  approaches 
its  complete  development,  and  finally  disappears.  The  following  measurements  were 
made  whilst  growth  was  still  active  and  the  growing  region  of  considerable  extent. 
The  length  of  the  growing  region  behind  the  bud  was  in 

Frltillaria  imperialli  7-9  ctm.  j 

Allium  Porrum  about         40  „  f      in  one  internode 

Allium  Cepa  30  „  i          of  the  scape. 

Allium  atrnpurpureum  50  „  ) 

Cephalaria  pmcera  33  ,,            (j  internodes). 

Polygonwn  Sieboldi  15  „            (4-5  internodes}, 

Asparagus  asper  30  „            (numerous  internodes). 

Valeriana  Pbu  as  „            (4  internodes). 

Dipsacus  Fullenum  40  „            (3-4  internodes). 

The  measurement  of  portions  of  equal  length  (of  one  or  of  five  ctm.)  shows  that 
the  growth  of  each  such  portion  is  greater  the  more  distant  the  portion  measured  is 
from  the  terminal  bud,  or,  in  the  case  of  basal  growth,  from  the  base.  At  a  certain 
distance  from  the  apes  (or  the  base)  the  ma^Bmum  occurs;  beyond  this  distance  the 
growth  of  each  portion  diminishes  until  it  altogether  ceases  at  the  limit  of  the  growing 
region.  The  form  of  the  geotropic  curvature  and  its  modifications  essentially  depend 
upon  these  conditions.  In  these  particulars  stems  which  consist  of  numerous  internodes 
but  without  well-defined  nodes  (Aipuragus)  resemble  long  single  internodes,  such  as 
the  scapes  of  the  various  species  of  Allium.  If  however  the  stem  is  distinctly  articulate, 
a  curve  of  fractional  growth  may  be  obtained  from  each  internode,  which  rises  as  we 
pass  from  its  lower  end  until  a  masimum  is  reached,  and  then  sinks  as  we  pass  towards 
its  upper  end.  The  node  itself  ceases  to  grow  in  length  at  an  early  period.  As  the 
result  of  this,  the  geotropic  curvature  of  the  whole  stem  is  interrupted  at  the  nodes, 
and  the  quickly-growing  central  portions  of  the  internodes  describe  sharper  curves. 
With  the  exception  of  this  peculiarity,  an  articulate  stem  behaves  generally  in  the 
manner  above  described  with  reference  to  a  long  scape  consisting  of  a  single  internode. 
Finally,  it  is  to  be  noted  that  each  transverse  zone  of  a  growing  stem  grows  at  first 
slowly,  then  more  rapidly  until  a  maximum  rapidity  is  attained,  and  then  more  slowly 
until  growth  ceases  altogether.  This  also  determines  the  form  of  the  geotropic 
curvature. 

Those  portions  of  a  stem  which  have  ceased  to  grow  and  which  are  incapable  of 
renewed  growth  in  consequence  of  a  clange  of  position  (see  what  is  said  below  about 
the  nodes  of  the  haulms  of  Grasses)  will  not  assume  an  erect  position  when  placed 
horizontally  or  obliquely.  Only  those  portions  of  a  stem  laid  horizontally  or  obliquely 
take  part  in  the  assumption  of  an  erect  position  which  are  growing  (as  in  the  down- 
ward curvature  of  the  root),  and  this  in  proportion  to  the  phase  of  their  growth,  their 
thickness,  rigidity,  etc.  This  curvature  is  a  consequence  of  a  modification  of  the  growth 
in  length  of  the  stem  produced  by  its  abnormal  position,  of  such  a  nature  that  the 
growth  of  the  under  side  is  more  rapid  and  that  of  the  upper  side  less  rapid  than  that 
of  the  stem  in  the  erect  position.  In  quickly-growing  parts  the  upper  side  evidently 
increases  in  length  when  the  geotropic  curvature  is  taking  place,  but  in  older  mora 
slowly  growing  parts  the  length  of  the  upper  side  does  not  increase,  and  it  may  even 
become  a  little  shorter  if  the  curvature  is  very  sharp,  whilst  the  lower  side  elongates 
considerably.  These  statements  can  be  easily  verified  by  direct  measurement  of  thick 
firm  stems  before  and  after  the  curvature  has  taken  place.  It  is  obvious  that  the 
convex  side  of  a  curved  stem  must  be  longer  than  the  concave,  but  the  question  as 
to  whether  or  not  the  growth  of  the  concave  side  is  slower  and  that  of  the  convex 
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dm  pd  th        IS  th  wh  n    b  th  these  parts  are   in  the   normal   erect 

It  d        th      fti  m  t  t       !y  by  the  direct  measurement  just  men- 

dbtlb)inp  1        hll  obtained  in  another  way,  namely,  by 

Lg  b         f  1        htplttgp  some  of  them  at  once  into  strips  of 

ss         hh  masdaidbyp]        gpd  measuring  the  others  in  the  same 

y    ft  t        d  g        th   so  I       me  in  a  horizontal  direction,  finallj- 

mp       g  th       m  m     ts  wth        h     tl  It  became  apparent  in   all  cases 

f         tw       m  1       t    ps    f  t  th  b  1  nging  to  the  lower  convex  side  had 

rti  p  dl)     th  b  1     g    g  t     th       pper  concave  side  less   rapidly  than 

rrespo  d         t   p      f  t    h     t  within  the  same  time.     As  a  con- 

q  f  th      th     d  ff  1     gth  b  t  the  cortex  and  the  pith  belonging 

t     th       pp      {  )  h  If     f  th       pw    dly    urved  shoot  is  increased,  and  that 

b  t  th        rt  d  p  th     f  th     1  {        ex)  half  is  diminished,  so  that  the 

p      d      n  t  f  th    t       on  between  the  tissues  of  the  upper 

h  11       d       d  t  f  th     t  b  £    ee     th  )se  of  the  lower  half.     This  may  be_ 

11    trated  by  th     f  11         g         mpl        T      1       p  eees  of  stem  of  SUa  naptea  cut  off 

b  d   b  1         th     1  h        g  b  ed,  each   consisting  of  ax   or  seven 

t         d  d  mm  1     gth  t  k  f  these,  four  were  at  once  split   up 

ttpsft  f       w       Idh  tlly       damp  sand  in  a  box,  and  four  were 

pi       1       irly         t     p      m     t  sa  d  )1    der.    The  two  following  tables  give 

the  mean  measurements  of  the  strips  of  tissue  belonging  to  four  pieces  of  stem : — 


Lengths  of  the  strips  of  tii 


Concave  cortex 

„       pith 
Convex    pith 


Millimetres. 

«:..=.^p.oir 

(Stindmg  obliiji 

3J7'5 

J4'-5 

34=9 
328-2 

J42-0 

J 19-6 

Differences  of  the  lengths  of  Pith  and  Corteit 


Increments  of  length  ir 


pith 
pith 


io-a 


If  a  shoot  which  has  lain  for  some  time  (J^^a  hours)  in  a  horizontal  position 
has  begun  to  show  the  first  traces  of  an  upward  curvature  be  placed  vertically,  o 
moved  so  that  the  plane  of  curvature  becomes  horizontal,  the  commencing  c 
increases;  hence  it  appears  that  the  action  of  gravitation  has  a  persistent  effect  which 
may  continue  as  long  as  three  hours,  andmay  produce  considerable  curvature.  In  the 
second  of  the  two  cases  the  curvature  lies  in  a  horizontal  plane,  and  simultaneously 
with  its  increase  an  elevation  of  the  free  apex  occurs  in  consequence  of  the  geotropism 
induced  by  the  new  position.  The  persistent  effect  manifests  itself  even  when  the 
shoot  is  strongly  curved  upwards. 

My  observations  afford  the  following  information  as  to  the  form  of  the  curvature 
of  a  shoot  which  is  assuming  the  erect  position  under  the  action  of  gravity. 

On  experimental  as  well  as  on  theoretical  grounds  it  appears  that  the  curvature 
(with  a  few  exceptions)  is  not  and  cannot  be  a  segment  of  a  circle:  this  is  only  the 

'  Sachs,  Arb.  d.  bot,  Inst.  Wurzburg,  \%^^,  Heft  11.  p.  194. 
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case  where  the  curvature  is  greatest,  that  is  where  its  radius  is  smallest ;    above  and 
below  this  the  curvature  is  less,  and  therefore  the  radii  are  larger. 

t  to  the  termination  of  the  process  the 
1    m  f  t        b     g    t        d  by 

ii    n  en    [      I  a    i;    n  Ij    I  ghtlj  d  p  rt       h    h  p 

Ij-   t       gly  d  b       m    fe    t     feht 

"h    f  II        g  p  rag    ph  t        pi       th    f     g     g     \\  f     th       k 

pi     ty  {       i  d    g      h       p       bi     c.  se  J    th        I      1  t  ll>  pi      d     h     t 


s  d     d  d      t    th 


d  t         th  t  f       h  d  p    d       Th    f  II        g  th     d  t    m       g 

1.  The  rate  of  growth. 

2.  The  thickness. 

J.  The  deviation  from  the  vertical, 

4.  The  time  during  which  any  zone  lies  in  any  given  directicWi   inclined  to 

the  vertical. 

5.  The  persistent  effect. 

6.  The  rigidity  and  elasticity. 

The  curvature  is  greater,  ceterii  paribus,  in  any  given  short  period  of  time,  the  more 
rapid  the  rate  of  growth  in  length,  and  the  more  nearly  the  deviation  from  the  vertical 
approaches  the  horizontal;  on  the  other  hand,  geotropism  is  slower  the  thicker  the 
curving  region  is.  Further,  the  curvature  increases,  that  is  the  radius  of  curvature 
becomes  smaller,  the  longer  the  time  dui'ing  which  the  curving  region  is  inclined  at 
an  angle  to  the  vertical.  Moreover  each  transverse  zone  tends,  according  to  what 
was  said  above,  to  curve  more  strongly  than  is  due  to  its  inclination  to  the  vertical 
and  to  the  length  of  time  during  which  it  is  in  that  position ;  that  is,  each  transverse 
zone  which  has  been  exposed  for  a  certain  time  to  the  action  of  geotropism  under- 
goes in  consequence  of  its  persistent  effect  a  subsequent  curvature,  which  is  in  excess 
of  that  produced  by  the  other  conditions.  Finally,  as  regards  rigidity  and  elasticity, 
it  is  clear  that  each  transverse  zone  of  a  shoot  lying  horizontally  must,  by  reason 
of  the  flexibility  of  the  shoot,  tend  to  bend  downwards,  that  is,  in  opposition  to  the 
geotropic  curvature,  and  this  tendency  will  be  greater  the  greater  the  weight  which 
the  shoot  has  to  bear  at  its  growing  end  and  the  more  distant  the  section  is  from 
that  end.  It  must  be  further  borne  in  mind  that  the  flexibility  alters  with  age  and 
that  it  diminishes  as  the  thickness  increases. 

If  the  growing  region  of  a  horizontally -placed  interuode  or  stem  were  of  the  same 
thickness  throughout,  and  if  the  rate  of  growth  of  all  transverse  zones  were  uniform 
and  the  flexibility  so  slight  that  it  might  be  neglected  (as  is  the  case  in  short,  thick 
stems),  the  cui-vature,  at  its  first  appearance,  would  have  the  form  of  3  segment  of  a 
circle  of  large  radius.  Of  these  conditions,  however,  one  at  least,  viz.  the  uniform 
rate  of  growth  of  all  transverse  zones,  is  never  fulfilled,  and  since  the  region  of  most 
rapid  growth  is  also  that  of  greatest  curvatuie,  it  is  impossible  that  the  curvature  should 
be,  even  at  the  commencement,  a  segment  of  a  circle. 

Taking  now  the  usual  case,  in  which  we  have  a  shoot  growing  at  its  apex,  of  a  conical 
form,  growth  being  more  active  near  the  apex  than  near  the  base,  the  curvature  re- 
sulting from  a  horizontal  position  will  first  he  manifested  by  the  apical  portion,  for  its 
growth  is  the  most  rapid,  it  is  the  thinnest  portion,  and  it  has  the  least  weight  to  raise ; 
at  a  later  period  a  less  sharp  curvature  of  the  middle  portion  will  be  observed,  and 
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still  later  a  very  gentle  curvature  of  the  basal  portion  of  the  growing  region,  for 
the  rate  of  growth  diminishes  from  the  apex  towards  the  base  whereas  the  thickness 
increases,  and  the  further  from  the  apex  any  portion  is  the  greater  the  weight  which  it 
has  to  raise  when  curving.  In  consequence  of  the  continued  action  of  gravitation,  or  in 
consequence  of  its  persistent  effect,  the  curvature  rapidly  increases,  but  more  rapidly  in 
the  apical  than  in  the  other  portions. 

As  the  result  of  this,  the  apical  portion,  and  then  the  middle  portion,  becomes  more  and 
more  nearly  erect,  and  the  Inclination  to  the  vertical  of  the  shoot  is  less  the  nearer  these 
portions  are  to  the  apex.  For  instance,  a  line  drawn  tangentially  to  the  apical  portion 
will  very  nearly  coincide  with  the  vertical,  whereas  a  tangent  to  the  centre  of  the  middle 
portion  will  be  inclined  to  it  at  an  angle  of  about  45°,  and  a  tangent  to  the  centre  of  the 
basal  portion  deviates  not  more  than  perhaps  5-10°  from  the  horizontal.  Consequently 
the  apical  portion  will  not  be  affected  any  longer  by  the  action  of  gravitation,  whereas 

'  the  m  ddle  portion  w  II  continue  to  curve  considerablj  for  its  growth  Is  still  tolerably 
rapid  and  it  is  in  a  position  which  is  favourable  for  curvature    the  basal  portion  grows 

■  but  slowly  but  its  postion  is  very  ta\ourable  for  cur\ature  In  consequence  of  the 
continuing  curiatu  e  of  the  middle  and  bisil  portions  the  now  erect  apical  portion 
becomes  bent  over  out  of  the  \ertical  and  this  is  increased  bj  the  persistent  effect 
of  the  action  of  gravtation  Thin  lery  rapidly  growing  stems  acquire  this  form  of  cur- 
vature in  fiom  3  to  5  hours,  thicker  ones  m  from  12  to  15  houn  ind  very  thick  ones  in 
from  24  to  30  hours 

After  this  conditicn  has  been  attained  a  renarkable  change  of  the  form  of  the 
curvature  begins  W  hilst  the  ipical  portion  which  is  erect  or  has  curved  even  beyond 
the  vertca!  is  straightening  itself  m  consequence  ol  the  more  rapid  growth  of  its 
concave  side  the  basal  portion  contmues  to  cur^e  slowI>  upiard  by  reason  of  its  still 
nearly  horizontal  position  In  consequence  of  this  the  m  ddle  portion  is  passively 
elevated,  in  addition  to  its  own  active  curvature,  so  that  it  comes  to  assume,  like  the 
apical  portion,  a  position  which  is  unfavourable  to  its  geotropism,  and  like  it,  it  begins 
to  straighten  itself  (at  least  in  its  anterior  part).  Finally,  the  whole  anterior  part 
(including  the  apical  and  middle  portions)  stands  erect,  whilst  the  mature  portion,  lying 
behind  the  basal  portion,  is  horizontal,  the  two  being  connected  by  the  sharply-curved 
basal  portion  of  the  growing  region. 

It  appears,  therefore,  that  the  greatest  curvature  occurs  first  In  the  thin  quietly- 
growing  apical  portion,  then  in  the  thicker  middle  portion  which  grows  less  rapidly,  and 
finally  in  the  still  thicker  slowly-growing  basal  portion. 

If,  on  the  other  hand,  we  consider  a  scape  of  Allium  Cepa  or  of  Allium  Porriint  in  which 
the  growth  is  basal,  the  first  effect  of  being  placed  in  a  horizontal  position  is  that  the 
greatest  curvature  is  exhibited  by  that  part  of  the  basal  region  which  Is  growing  most 
rapidly,  the  mature  apical  portion  remaining  straight  and  being  passively  elevated.  The 
curvature  of  the  basal  portion  takes  place  but  slowly,  for  it  is  very  thick  and  it  has  to 
support  the  overhanging  weight  of  the  anterior  portion.  In  this  case  also  the  apical 
portion  may  be  elevated  beyond  the  vertical,  since  the  transverse  sections  of  the  basal 
portion  which  lie  behind  the  region  of  greatest  curvature  continue  to  curve  slowly  and 
the  position  of  the  whole  of  the  scape  which  lies  in  front  of  them  is  passively  altered. 

If  a  conical  shoot  with  apical  growth,  the  growth  being  more  active  toward  the 
apex,  be  placed  in  such  3  position  that  the  apex  is  directed  downwards  in  a  direction 
which  deviates  but  littie  from  the  vertical,  all  the  parts  are  at  first  in  a  position  which  is 
very  unfavourable  for  geotropism,  since  gravitation  acLs  upon  the  shoot  at  a  very 'acute 
angle.  The  time  which  will  elapse  before  the  first  appearance  of  curvature  must  there- 
fore be  greater  than  when  the  shoot  is  lying  horizontally.  It  must  be  borne  in  mind 
that,  as  the  cui-vature  proceeds,  the  parts  which  are  affected  by  it  come  to  occupy  a  more 
favourable  position  for  geotropism,  for  they  approach  the  horizontal  more  and  more 
closely ;  the  action  of  gravitation  will  therefore  increase  as  the  cun'ature  increases. 
The  apical  portion  comes,  at  length,  to  occupy  a  horizontal  position  ;  it  commences  to 
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elevate  itself,  and  in  consequence  of  the  persistent  effect  of  gravitation  ami  of  the 
curvature  of  the  middle  and  basal  portions,  it  may  pass  beyond  the  vertical ;  finally  it 
stands  erect.  The  middle  portion  remains,  sharply  curved ;  the  basal  portion  is  but 
slightly  curved,  for  its  growth  ceases  before  it  is  possible  for  it,  in  consequence  of  its 
unfavourable  position,  to  undergo  any  great  curvature. 

Growth  and  Curvature  •without  Absorption  of  Water.  If  shoots  consisting  of  a  growing 
part  and  of  a  part  which  has  ceased  to  grow  be  cut  off  and  placed  erect  (the  apes  being 
uppermost)  in  a  dry  glass  cylinder  which  is  then  closed  in  order  to  prevent  excessive 
evaporation,  they  continue  to  grow  for  a  considerable  time  without  any  absorption  of 
water,  and  at  the  same  time  they  lose  a  portion  of  their  water  by  evaporation  into  the 
closed  space^.  It  might  be  assumed  that  the  water  requisite  for  the  elongation  of  the 
growing  portion  was  derived  from  the  part  which  had  ceased  to  grow.  If,  however,  the 
growing  region  alone  be  cut  off  and  the  terminal  bud  removed,  and  then  marks  be  made 
on  the  shoot,  it  becomes  evident  that  all  the  segments  of  the  shoot  grow  without  absorb- 
ing any  water.     The  elongation  Is  certainly  less  than  usual,  but  it  is  distinct. 

If  shoots  consisting  of  a  part  which  is  growing  and  of  a  part  which  has  ceased  to  grow 
be  cut  off  and  placed  horizontally  in  a  closed  space  and  protected  from  excessive  evapora- 
tion, a  curvature  occurs  in  the  growing  region  which  may  result  in  the  elevation  of  the 
apex  into  an  erect  position.  In  this  case  the  water  which  Is  necessary  for  the  more 
rapid  growth  of  the  under  side  of  the  shoot  might  be  absorbed  from  the  posterior 
fully-developed  parts.  If,  however,  only  the  growing  region  of  the  shoot  be  cut  off,  or 
a  single  intemode,  the  upward  curvature  will  still  take  place,  and,  in  this  case,  throughout 
the  whole  piece.  Accompanying  this  process  we  have  (i)  a  loss  of  weight  due  to  the 
evaporation  of  water  into  the  unsaturated  atmosphere,  (2)  an  elongation  of  the  convex 
lower  surface,  corresponding  to  the  upward  curvature,  and  (j)  no  elongation,  or  a  very 
slight  one,  but  more  generally  a  contraction,  of  the  upper  concave  side. 

Curvature  of  if  lit  shoots.  If  the  growing  region  of  a  shoot  is  split  into  two  symme- 
trical halves  which  remain  connected  posteriorly  by  a  portion  of  the  shoot  which  has 
completed  its  growth,  they  will  curve  concavely  outwards  in  consequence  of  the 
tension  of  their  tissues.  If,  whilst  thus  curved,  the  epidermis  of  the  two  concave 
surfaces  and  the  two  convex  cut-surfaces  of  the  pith  be  measured,  and  if  then  the 
shoot  be  placed  in  such  a  way  that  the  epidermis  of  one  surface  is  directed  downwards 
and  that  of  the  other  upwards,  each  half  will  exhibit  geotropism.  The  growth  of  the 
pith  of  the  upper  half  will  be  accelerated,  whereas  that  of  the  cortex  of  the  same  half 
will  be  retarded  or  the  cortex  may  even  become  shorter;  in  the  lower  half,  the  growth 
of  the  pith  will  be  retarded  and  that  of  the  cortex  accelerated.  The  following  were  the 
increments  of  growth  in  24  hours  observed  in  Sytphim 

TT         .       ..  J-    I  i  ic  (  epidermis  (above) 
Upper  loTOludm.!  l.lf  j  J^,^^  „,  j,,,^  ^^^^^^ 


Lower  longitudinal  half 


surface  of  pith  (above) 
epidermis  (below) 


The  same  takes  place,  only  in  a  more  marked  manner,  in  the  case  of  the  haulms  of 
Grasses,  which  are  more  adapted  for  observations  of  this  kind,  for,  when  they  are  split, 
the  two  halves  do  not  curve  outwards. 

If  a  longitudinal  slice  be  taken  from  the  middle  of  the  stem  of  some  Dicotyledon 
which  is  not  hollow  but  which  has  a  thick  pith  {e.g.  Senecio  Doria),  by  paring  away  the 
wood  symmetrically  on  each  side,  it  is  possible  to  place  it  horizontally  in  two  ways, 
{a)  that  in  which  the  cut  surfaces  are  vertical,  and  (i)  that  in  which  the  cut  surfaces  are 


'  It  is  to  be  remembered  that  many  shoots,  such  as  those  of  Frititlaria  imperialis,  are  much 
disturbed  in  their  growth  if  the  apex  be  cut  off;  and  they  hardly  grow  at  all  if  they  are  cut  off  at  the 
base.    As  a  consequence  the  curvature  of  such  shoots  is  very  slight  or  entirely  absent. 
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horizontal.     In  the  position  (a)  the  vertical   arrangement  of  the  tissues  will  be  as 
follows  :— 

Pith, 
Cortex  : 


In  the  position  (i)  the  different 


in  this  position  the  slice  will  always  curve  upwar 
tissues  lie  side  by  side  in  a  horizontal  plane,  thus, 

Cortex,  Pith,  Cortex, 

and  nearly  the  whole  of  both  the  upper  and  under  surfaces  will  be  occupied  by  the 
section  of  the  pith.  In  this  position  it  often  happens  that  no  geotropic  curvature  is 
exhibited,  but  accurate  observation  is  rendered  difhcult  by  the  unfavourable  conditions. 

If  a  prism  of  pith  be  cut  out  of  the  growing  region  of  a  solid  shoot,  without  any  other 
tissues  being  attached  to  it,  and  if  this  be  placed  for  five  or  ten  minutes  in  water  so  that 
it  becomes  rigid  and  turgid,  and  be  then  laid  horizontally  in  moist  air  or  in  water,  one 
end  being  fixed  and  the  other  free,  no  upward  curvature  takes  place. 

2.  Upward  Curvature  of  Grass-haulms.  In  the  ease  of  the  stems  considered  in  the 
preceding  paragraphs,  the  whole  region  of  growth,  which  is  of  considerable  length,  is 
geotropic ;  hence  the  curvature  is  gradual  and  therefore  also  of  considerable  length, 
and  every  portion  of  the  stem  which  has  completed  its  growth  in  the  erect  position  has 
become  incapable  of  curvature.  In  the  haulms  of  Grasses,  on  the  other  hand,  the 
capacity  for  curvature  is  concentrated  at  the  nodes,  the  long  internodes  remaining 
straight.  Hence,  a  haulm  possessing  several  nodes,  if  laid  horizontally,  will  exhibit  after 
a  short  time  a  number  of  sudden  angular  curvatures  at  the  nodes,  between  which  lie  the 
straight  internodes.  If  the  oldest  intemode  be  lixed  in  a  horizontal  position,  the  third 
or  fourth  intemode  will  have  assumed  an  erect  position  in  from  one  to  three  days.  It  is 
on  this  that  the  upgrowth  of  'laye    d    Wl      t  d  p     d 

It  is  an  especial  peculiarity  of  th  h  Im  t  G  as  th  t  th  y  ta  for  a  con- 
siderable time  the  property  of  b  m  g  t  th  t  th  t  th  d  rfaces  will 
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been  artificially  bent  until  it  was  dislocated.  These  changes  are  produted  by  a  con- 
siderable shortening  of  the  upper  surface  which  accompanies  the  very  vigorous  growth 
of  the  lower  surface.  That  this  is  the  case  is  shnwn  by  the  following  measurements 
made  on  the  nodes  of   Maize,  the  thickness  of  which  in  the  plane  of  curvatme  was 


the  Node. 


No.  I.  Upper  surface 
No.  -z.  Upper  surface 
No.  3.    Upper  surface 
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'  The  cnrvature  took  place  in  six  days. 

'  Sachs,  Arb.  d,  bol.  Inst.  Wiirabai^,  1873,  Heft  III. 
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folds  are  found  upon  the  concave  under      rf 

as  in  the  nodes  of  Grasses.    When  the        t 

within  the  curving  portion  usiially  grow,  b  t  th 

are  to  the  lower  surface  which  is  becom    g 

swrface,  where  the  cells  are  fully  developed     d        t 

where  the  cells  present  the  appearance  of  >        g 

protoplasm,  all  intermediate  forms  may  be       t      th 

of  the  cells  of  the  under  side  is  very  co     d      biy       p  a  a 
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the  acceleration  of  that  of  the  upper  surfac    by     I  ss     g 

radial  growth. 

If  thick  primary  roots  be  split  and  be  tr    t  d        h 
described    with    reference    to   stems,   the       m      ph       m 
(though  in  exactly  the  opposite  direction)  g  11>   p 

duced :   this  shows  that  geotropism  is  not  ly      P    P      > 

of  the   root  as  a  whole,  but  also  of  each     it  tt       t 

"  parts.  These  oi>servations  are,  however,  very  difficult  to  carry 
out,  A  persistent  effect  of  the  commencing  geotropic  action, 
which  was  so  well-marked  in  the  case  of  stems,  is  stated 
to  occur  in  roots  also  by  Ciesielsti  and  Frank.  I  have  not  yet 
succeeded  in  detecting  it,  but  I  will  not  reject  the  fact,  for 
other  methods  will  perhaps  afford  more  satisfactory  results. 

4.  The  chief  result  of  the  observations  which  I  have  made 
hitherto  is,  I  believe,  this,  that  the  phenomena  of  upward 
geotropic  curvature  are  essentially  the  same,  though  tating 
place  in  the  opposite  direction,  as  those  of  downward  geotropic 
curvature,  and  that  therefore  the  mechanical  explanation  of  the 
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and  Selaginellefe,  but  also  by  far  the  greater 

stems,  and  all  leaves,  display  a  decidedly  bilateral  organisation,  i.(.  two  sides  of  their 

axis  of  growth  exhibit  different  properties.     With  this  bilateral  organisation  is  also 

'  See  Fig.  47?,  and  Arb.  d.  bot.  Inst.  Wiirzburg,  llefl  III.  p.  448  el  sej. 

'  A.  B.  Frank,  Die  natiirliche  wagereehte  Richlung  von  Pflanzentheilen  (Leipzig,  1870).  The 
views  propounded  in  Frank's  treatise  are  opposed  by  H.  de  Vries  in  the  second  Heft  of  the  Pro- 
ceedings of  the  Wiirzburg  Bot,  Inst.  1871,  p.  J23  et  jej.— See  also  Hofmeister,  AUgemeine  Mor- 
phologie  det  Gewaohse,  Leipzig  186S,  Sect.  23,  24.  [It  has  been  noticed  by  many  observers  that 
the  position  of  members  of  plants,  such  as  leaves  and  the  thallus  of  Liverworts,  which  have  a  dis- 
tinctly bilateral  structure  {that  is,  which  are  dorsivinlral),  is  at  right  angles  to  the  direction  of 
incidence  of  the  rays  of  light  and  to  the  action  of  giavity,  Frank  considers  that  this  is  due  to 
certain  properties  with  wbicb  these  members  are  endowed  and  by  virtue  of  which  their  reaction  to 
these  forces  is  different  from  that  of  polysymmetrical  members,  such  as  stems  and  roofs,  which  tend 
to  place  themselves  in  the  line  of  incidence  of  the  rays  of  light  and  of  the  action  of  gravity.  This 
peculiar  form  of  heliotropism  and  of  geotropi^m  he  terms  transverse.  In  the  note  on  p.  843  it  is 
stated  that  Elfsmg  has  found  instances  of  what  appears  to  be  transverse  geotropisni  m  certain 
rhiiomes,  which  do  not  however  possess  a  bilateral  structure.  Frank's  views  are  adopted  by  Darwin 
(Movements  of  Plants) ;  he  uses  the  terms  diaheliolrophm  and  diagiatrophm. 

De  Vries  concludes  that  the  position  of  these  dorsiventral  members  is  the  esprossion  of  the 
resultant  action  of  several  forces,  such  as  negative  heliotropism,  negative  geoCropism,  hyponasty, 
epinasty,  and  does  not  admit  that  these  members  react  differently  to  polysymmetrical  members  when 
exposed  to  the  action  of  light  or  of  gravity.  Sachs  (Ueb.  orlhotrope  und  plagjotrope  Pflanienthelle, 
Arb.  d.  bot.  Inst,  in  Wiiriburg,  II.  i,  1879)  comes  to  ranch  the  same  conclusions.  He  divides  all 
parts  of  phints  into  two  classes,  acconding  to  the  position  which,  they  assume  under  the  infloence  of 
ordinary  external  conditions.  He  terms  those  parts  artholropie  which  assume  a  vertical  position 
and  those  parts  plagioiropic  which  assume  a  position  inclined  to  the  vertical  All  sides  of  the  former 
react  similarly  to  light  ajid  to  gravity,  whereas  in  the  latter  one  longitudinal  half  reacts  differently 
to  the  other  longitudinal  half.  In  the  former  the  polysymmetrical  structure  is  correlated  with  a 
polysymmetrical  organisation ;  in  the  latter  the  bilateral  structure  is  correlated  with  a  bilateral 
organisation.  In  some  cases,  however,  members  with  polysymmetrical  structure  are  bilaterally 
organised,  as  is  shown  by  the  fact  that  they  are  plagioiropic] 
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usually  connected  a  difference  in  the  growth  of  the  two  dissimilar  sides,  which  causes 
curvatures  and  hence  changes  in  the  position  of  the  apex.  The  two  dissimilar  sides 
of  bilateral  organs  must  also  be  acted  on  differently  by  external  agencies  which  affect 
growth,  such  as  light,  gravitation,  and  pressure.  We  do  not  attempt  here  to  solve  the 
question  of  the  Causes  which  produce  the  bilateral  structure  in  any  particular  case ; 
it  need  only  be  shown  incidentally  that  this  structure  of  lateral  organs  {as  we  have 
already  seen  in  Book  I.  Sect.  27)  is  probably  always  brought  about  by  internal 
causes,  and  is  independent  of  the  action  of  external  circumstances.  This  is  in 
general  evident  from  the  fact  that  the  median  plane  of  bilateral  appendicular  organs 
has  always  a  perfectly  definite  geometrical  relation  to  the  axial  structure  which  bears 
them,  and  that  moreover  in  the  dark  and  under  the  influence  of  slow  rotation  round 
a  horizontal  axis,  which  eliminates  the  effect  of  gravitation,  the  bilateral  structure  and 
relation  to  the  axis  remain  unchanged. 

But  before  we  proceed  to  the  consideration  of  the  growth  of  bilateral  organs,  it 
must  be  premised  that  even  in  multilateral  erect  stems  and  vertically  descending 
roots  growth  does  not  always  proceed  equally  and  with  equal  rapidity  on  all  sides  of 
the  longitudinal  axis ;  it  is  much  more  common  for  first  one  side  and  then  another 
of  the  organ  to  grow  more  rapidly  than  the  rest,  curvatures  being  thus  caused  the 
convexity  of  which  always  indicates  the  side  that  is  at  the  time  growing  most  rapidly. 
If  another  side  then,  grows  more  rapidly,  it  becomes  convex,  and  the  curvature 
changes  its  direction.  Curvatures  of  this  kind  caused  by  the  unequal  growth  of 
different  sides  of  an  organ  may  be  called  Nutations,  and  in  so  far  as  they  are  pro- 
duced entirely  by  internal  causes  they  may  be  said  to  be  spontaneous.  They  occur 
most  commonly  and  evidently  when  growth  is  very  rapid,  and  consequently  in 
organs  of  considerable  length,  and  are  produced  under  the  influence  of  a  high 
temperature  either  in  darkness  or  when  the  amount  of  light  is  very  small. 

When  two  opposite  sides  of  an  organ  grow  alternately  more  and  less  rapidly, 
curvatures  are  caused  first  on  one  side  and  then  on  the  other ;  it  will,  for  example, 
bend  first  to  the  left,  then  become  erect,  and  then  bend  to  the  right  side ;  as  occurs, 
e.g.  in  the  long  flower-scapes  oi  Allium  Porrum,  which  finally  take  an  erect  position 
when  their  growth  is  ended.  It  is  much  more  common  for  the  apices  of  erect  stems 
above  the  curved  growing  part  to  move  round  in  a  circle  or  ellipse,  the  region  of 
most  active  growth  moving  gradually,  as  it  were,  round  the  axis  ;  it  lies,  for  instance, 
at  one  time  towards  the  north,  then  towards  the  west,  south,  and  east  in  succession 
until  it  comes  again  to  lie  towards  the  north.  This  kind  of  nutation  may  be  termed 
a  Revolving  Nulation '.  Since  the  apex  of  the  stem  is  constantly  rising  higher 
during  the  nutation  owing  to  the  elongation  of  the  part  below  it,  its  revolving  motion 
does  not  take  place  in  a  plane,  but  describes  an  ascending  spiral  line.  This  form  of 
ti  occurs  in  many  flower-stalks  before  the  tmfolding  of  the  flowers,  as  in  those 


'  [Darwin  is  of  opinion  (Movements  of  Plants)  that  all  nutation  is  revolving  nutation,  or,  as  lie 
terms  it,  cirtumnutation.  He  regards  all  the  movements  connected  with  growth  (heliotropism, 
geotropism,  hyponasty,  epinasty)  as  well  as  those  of  nialuie  parts  (spontaneous  or  induced  move- 
ments) as  being  modified  forms  of  circumnntation. 

The  unequal  growth  is  of  course  the  eipression  of  an  unequal  tui^iditj  of  different  parts  of  the 
growing  organ  (see  de  Vries,  Ueb.  die  inneren  VorganKe  bei  den  WachsthumskTummungen  mehr- 
lelliger  Organe,  Bot.  Zeitg,  1879.] 
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of  Brassica  Napus,  where  ihe  movement  ceases  when  growth  is  completed,  and  the 
stem  finally  becomes  erect.  It  is  very  general  in  climbing  stems  and  in  almost 
all  erect  stems  that  bear  tendrils;  but  bilateral  tendrils  also  revolve  at  the  time  when 
they  are  about  to  take  hold  of  a  support '. 

In  bilateral  appendicular  organs  nutation  does  not  usually  take  the  form  of 
a  revolving  motion,  or  only  to  a  subordinate  extent,  as  in  tendrils.  The  outer  or 
dorsal  side  more  often  grows  more  rapidly  so  that  the  organ  is  curved  concavely  to 
the  primary  axis,  and  the  inner  side  afterwards  begins  to  grow  more  quickly,  so  that 
the  organ  finally  becomes  straight,  or  even  concave  on  the  dorsal  side.  This  is  the 
case  in  all  strongly  developed  foliage -leaves,  very  strikingly  in  those  of  Ferns,  which 
are  at  first  roiled  up  towards  the  axis,  and  then  unroll,  often  bending  over  back- 
wards, becoming  finally  straight.  The  same  phenomenon  occurs  in  the  tendrils  of 
Cucurbilacea,  which  are  also  at  first  rolled  up  inwards,  then  become  straight,  and 
are  finally  rolled  up  outwards.     Other  tendrils  are  at  first  straight  or  only  slightly 


concave  mward  hke  leaves  in  vernation  but  are  afterwards  rolled  backwards  Mo\e 
ments  of  nutation  are  verj  common  and  easilj  observed  n  stamens  with  long  fila 
ments  as  Tr  pt,  !um  majus  Diclamnus  Fraxinella  (Fig  481;)  Parnama  paluslrts^ 
&c  and  in  long  st)les  Ike  those  of  I\igella  salvi  &c  The>  occur  at  the  time  of 
the  maturit)  of  the  sexual  orgins  aid  serve  to  place  the  stigmas  an  1  anthers  m 
the  positions  adipted  for  the  convevance  of  pollen  by  m^,ects  from  one  flower 
to  another  Most  lateral  shoots  behave  m  lie  same  manner  as  ordmar*  leaves 
growing  at  first  on!j  qu  ckl)  enough  on  he  ou  er  de  to  become  appressed  to  the 
primar}  axis  in  venation  aflerwiri  more  npidly  on  the  ini  er  s  de  by  which  they 
become  straight  and  d  verge  -it  a  greater  or  smaller  ■int,le  fro  n  the  primary  shoot 

bee  Sect.  25,  On  the  THimug  of  Tendnls. 
'  [On  the  stamens  at  Faraassia,  where  there  is  not  properly  any  movement  of  nutation,  see  Gris^ 
Cojnp-  rend.  Nov.  2,  1868  ;  and  A.  W.  Bennett,  Joum.  Linn.  Soc.  vol.  XI.  p.  14,  1S69.] 
"  fide  in/ra  ander  Fertilisation,  Chap,  VI. 
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These  movements  of  nutation  of  bilateral  appendicular  organs  take  place  mostlj- 
in  one  plane  which  coincides  with  the  median  plane  of  the  organ.  As  long  as  the 
organ  grows  most  rapidly  on  the  dorsal  side,  it  may  be  termed,  after  de  Vries, 
hyponaslic ;  afterwards,  when  it  grows  most  rapidly  on  the  inner  or  upper  side. 
epinasiic.  Since  in  the  later  stages  of  development  of  an  organ  growth  ceases  at 
certain  places — while  at  different  distances  from  these  places  it  presents  different 
stages  of  growth,  until  it  finally  ceases  everywhere — it  is  clear  that  in  the  same  organ, 
together  with  areas  where  growth  is  completed  and  nutation  no  longer  takes  place, 
others  occur  with  hyponastic  and  others  again  with  epinastic  growth,  until  at  lenglh 
nutation  and  growth  alike  cease  altogether,  as  in  Fern-leaves. 

Seedlings  of  Dicotyledons  afford  a  remarkable  illustration  of  bilateral  structures 
which  nutate  in  one  plane.;  although  their  stem  and  pr  mary  root  become  afterwards 
multilateral  and  grow  vertically  upwards  and  downwards  The  btem  termmites  m 
a  pendent  or  nodding  bud ;  and  the  curvature,  which  it,  generally  verj  great  exhibits 
itself  also  in  germination  when  it  takes  place  out  of  the  ground  in  a  \essel  that 
rotates  slowly  round  a  horizontal  axis;  it  is  a  true  curvature  of  nutation  inde 
pendent  of  light  and  gravitation.  But  the  older  portions  of  the  stem  become  straight 
as  they  develope  from  the  curved  portion ;  and  in  proportion  as  the  stem  increases 
in  length,  the  straight  part  which  bears  the  nodding  bud  also  lengthens  When 
germination  takes  place  in  a  feeble  light,  or  better  in  a  slowlv  rotating  vessel  a 
more  rapid  growth  occurs  of  the  side  of  the  older  portion  of  the  stem  which  was 
at  first  concave,  causing  it  to  become  convex;  and  hence  the  older  and  jounger 
parts  of  the  stem  form  together  a  letter  S,  as  in  Ph  zseolm  I  uta  Faba  Polygonum 
Fagopyrum,  Cruciferse,  &c.  But  the  primary  roots  of  dicotjledonous  seedlings  also 
manifest  a  tendency  to  a  bilateral  organisation;  since  when  they  develope  under  slow 
rotation  round  a  horizontal  axis,  they  seldom  continue  to  grow  straight  but  curve 
concavely  either  in  front  or  behind,  sometimes  even  becoming  rolled  up  These  and 
other  instances  of  nutation  are  not  clearly  seen  when  the  deielopment  takes  place 
under  normal  conditions,  because  the  growth  of  the  stem  cf  the  'needling  is  retarded 
by  light,  and  the  curvature  both  of  stem  and  root  prevented  by  geotrop  sm 

A  knowledge  of  the  different  capacity  for  growth  possessed  by  the  anterior  and 
posterior  sides  of  bilateral  organs  lies  at  the  root  of  an  understanding  of  the  fact  that 
leaves,  lateral  shoots,  and  many  secondary  roots,  although  they  are  1  eliotropic  and 
geotropic,  yet  assume  definite  positions  with  respect  to  the  horizon  but  without 
growing  vertically  upwards  or  downwards.  When  multilateral  (orthotropic)  primary 
m        d  w  II      he-essential  cause  is  their  growth  bemg  uniform  on 

11     d        f  h  f  g        h     the  different  sides  of  the  organ  are    n  equil  brium 

h    n  1         E    rv  d  on  from  the  vertical  position  to  the  r%ht  left  front 

b    k  bid  eotropism ;  the  grow  ng  part  curves  until  the  free 

p  1  n     h    h  po   tion  the  action  of  gravifat  on  is  again  equal  on  all 

d         I     h        m  I  ght  acts  equally  stronglj  on  all  aides  of  fuch  organs 

If  1       f         n       d  po    d    o  stronger  light,  a  hehotropic  curvature  takes  place 

hhfillyb     g      hf      pt  into  a  position  in  which  all  sides  rece  ve  equallv 

g  ]  gh  11     d        nd  b    efore  grow  uniformly  without  any  further  curvature. 

Th  d  ff  h  b  1       al  organs  the  anterior  and  posterior  sides  of  which 

p  d  p  nd      ly  d  ff  apacities  for  growth  (pi  agio  tropic),  and  which  there- 
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fore  exhibit  3  tendency  for  the  more  rapidly  growing  side  to  become  convex.  If  the 
growth  is  very  strongly  hyponastic  or  epinastic,  ihe  curvature  thus  caused  may  take 
place  in  spile  of  the  opposing  action  of  light  and  gravitation,  supposing  the  organs 
to  be  actually  heliotropic  or  geotropic.  Organs  which  grow  horizontally  or  obliquely 
to  the  horizon  rnust  not  be  assumed  to  be  on  that  account  wanting  in  heliotropism 
or  geotropism;  still  less  is  it  necessary  to  suppose  in  these  cases  any  special  or 
altogether  abnormal  relations  to  light  and  gravitation  K  It  is  sufficient,  as  de  Vries 
has  clearly  shown,  to  suppose  that  light  and  gravitation  act  in  the  ordinary  way  on 
the  growth  of  bilateral  organs,  in  order  to  explain  theii  directions  of  growth,  if  only 
it  is  borne  in  mind  that  their  heliotropism  and  geotropism  cooperate  with  their 
hyponastic  and  epinastic  properties,  and  thus  bring  about  positions  of  the  organs 
which  must  be  considered  as  the  resultants  of  these  different  forces.  The  weight  of 
the  overhanging  part  must  however  also  be  taken  into  account,  its  tendency  being 
always  to  change  the  lateral  direction  of  the  organ  into  a  more  horizontal  or  even 
pendulous  one ;  and  this  must  occur  more  decidedly  the  less  the  elasticity  of  the 
organ.  When  large  Jeaves  assume  oblique  or  horizontal  positions,  it  is  because 
their  epinasty  tends  to  make  them  concave  downwards  as  they  unfold,  while  their 
positive  heliotropism  tends  to  make  ihem  concave  upwards.  The  result  is  con- 
sequently a  more  or  less  flat  expansion  of  the  leaf,  the  position  of  which  depends 
on  the  relation  of  the  weight  of  the  lamina  to  the  flexibility  of  the  petiole  and 
mid-rib.  The  same  phenomena  are  observable  in  horizontal  or  oblique  lateral 
shoots,  in  which  however  the  hyponasty  of  the  axis  often  counterbalances  the 
greater  mass  of  the  pendent  parts  (as  in  Prunus  Avium,  Ulmus  campestris,  Corylus 
Avdlana,  Picta  nigra,  &c.).  As  soon  as  the  position  resulting  from  these  forces  is 
attained,  it  becomes  permanent,  from  the  mature  parts  becoming  lignified,  rigid,  and 
hard,  and  thus  in  a  condition  to  maintain  the  weight  of  the  pendent  parts. 

If  leaves  which  are  unfolding  or  still  growing  have  their  under  side  turned 
upwards  or  towards  the  light,  very  strong  curvatures  take  place,  generally  combined 
with  torsions,  by  which  the  lamina  finally  resumes  more  or  less  completely  its 
normal  position;  and  the  impression  is  given  as  if  the  under  side  were  more 
sensitive  to  the  influence  of  light,  and  the  upper  side  to  that  of  gravitation  than 
the  reverse.  But  this  hypothesis  is  superfluous  if  it  is  borne  in  mind  that  in  this 
case  epinasty  works  concurrently  with  heliotropism  and  geotropism,  and  hence 
much  stronger  curvatures  must  take  place  than  in  the  normal  position  where  the 
former  acts  in  opposition  to  the  two  latter  forces. 

The  results  here  described  are  derived  from  the  experiments  of  de  Vries,  which  have 
been  already  quoted.     For  the  following  I  arn  also  indebted  to  him. 

(a)  icfltf  J.   If  a  strongly  developed  mid    *b  '       p      t  d  f    m      I     f '         f  th 

it  curls  up  coneavely  on  the  under  side,  sh  w    g    h  b    w  d 

the  lamina.     De  Vries  found  this  to  be  th         se  w  dp  w  th 

only  a  few  exceptions.     This  curvature  doe  k    p  q  g  11     g 

I  hlh        btjust  gdfm  bd        d 


d    It  g  th      d     pp 


first 
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smaller  and  nearer  to  the  apex.  If  mid-ribs  of  leaves  are  separated  in  this  last 
stage  of  growth  and  fixed  upright  in  a  damp  and  darlt  place  (e.  g,  in  wet  sand  in  a 
spacious  closed  zinc  box),  they  will  continue  to  grow  for  some  time ;  and  since  growth  is 
more  vigorous  on  the  inner  (anterior  or  upper)  side,  they  will  curve  concavely  on  the 
posterior  (or  under)  side,  the  curvature  being  however  partially  counteracted  by  geo- 
tropism.  If  separated  mid-ribs  of  leaves  are  fixed  horizontally  in  wet  sand,  so  that  the 
median  plane  lies  horizontal,  the  epinastic  curvature  will  take  place  without  hindrance 
in  a  horizontal  direction ;  but  a  geotropic  curvature  will  at  the  same  time  ensue  in  a 
vertical  plane,  so  that  the  two  kinds  combine  to  produce  an  obliquely  ascending  position. 
If,  on  the  other  hand,  two  similar  mid-ribs  are  separated  and  fixed  horizontally  in  wet 
sand,  with  the  posterior  side  in  one  case  below,  in  the  other  case  above,  geotropism  will 
act  in  the  former  in  opposition  to  epinasty,  while  in  the  latter  the  two  will  cooperate; 
and  the  consequence  will  be  that  in  the  former  case  the  epinastic  curvature  wili  be  more 
or  less  neutralised,  while  in  the  latter  a  strong  curvature  will  take  place  upwards,  the  two 
forces  acting  in  unison. 

Phenomena  of  the  same  kind  are  produced  by  a         b      t  t    p       ty      th  h  1 

tropism,  if  the  separated  mid-rib  is  fixed  vertically      w  t       d  I      d      s.  I     t 

which  light  is  admitted  from  one  side, through  a  gl  pi  t  H  1  t  p  m  t  "? 
but  not  always  exhibited,  and  is  then  always  positii        b  t  11  tl  h  th    t       b 

served  is  too  weak  to  overcome  epinasty.     It  will  b  trawht        h  dtht 

all  these  movements  of  the  mid-rib  will  be  much  les  d      bl       h        t         t  II 

connexion  with  the  lamina.     Petioles  show  In  ge        1  th        m     ph  m  d 

ribs,  but  their  motions  which  result  from  heliotr  pmf,tpm       dp    asty 
unimpeded. 

(b)  Bilateral  secondary  shoots^  such  as  branches  of  9  h  t  1  t 

Jeafy  branches,  and  stolons,  were  experimented  on  in  1     m  It  w     th     p       d 

that  the  branches  of  the  inflorescence  of  Isath  iinctaria,  Arcbatigehca  officmalii,  Crambe 
cardifalia,  and  all  others  that  have  been  observed,  the  horizontal  branches  of  Pyrus  Malus, 
Aiferugo  proeumbeni,  &c.,  as  well  as  the  ranners  of  Fragaria,  Potentitia  reftam,  Ajuga 
reptans,  Ac,  are  epinastic.  When  fixed  horizontally  in  wet  sand,  they  all  curl  upwards, 
whether  the  side  that  normally  faces  downwards  (the  posterior  side)  be  placed  below 
or  above,  but  in  the  latter  case  more  strongly,  because  geotropism  and  epinasty  then 
cooperate.  In  some  species  (as  Tilia  and  Pbiladetfhui)  a  branch,  when  stripped  of 
leaves  and  placed  in  its  normal  position,  did  not  curl  upwards,  while  one  placed  in  a 
reverse  position  did  so,  proving  that  there  was  in  these  cases  an  equilibrium  between 
geotropism  and  epinasty.  The  horizontal  branches  of  Frunus  A'vium,  Ulmui  campestris, 
Corylui  Avellana,  and  some  other  plants  were  found  on  the  other  hand  to  be  hyponastic ; 
when  laid  horizontally  in  their  natural  piosition  they  curved  upwards,  but  downwards 
if  reversed,  because  their  hyponasty  was  stronger  than  their  geotropism. 

Similar  experiments  to  those  made  on  petioles  with  respect  to  heliotropism 
showed  in  many  cases  the  absence  of  this  phenomenon,  especially  in  the  case  of  stolons ; 
and  that  in  other  cases  it  was  always  positive,  but  too  feeble  to  overcome  the  influence 
of  their  epinasty.  In  the  case  of  branches,  especially  such  as  are  long  and  slender, 
more  account  must  be  taken  of  weight  in  modifying  the  direction  of  growth  'than  in 
that  of  leaves.  The  removal  of  the  leaves  {e.g.  in  Corylus)  is  in  this  case  followed  by  a 
sudden  curving  upward,  the  result  of  elasticity;  but  this  is  subsequently  intensified  by 
geotropism  and  in  many  cases  (as  in  Abiet)  also  by  hyponasty. 

It  may  be  left  to  the  ingenuity  of  the  student  to  ascertain  the  conditions  determining 
the  direction  of  an  organ  in  any  particular  case,  from  the  points  of  view  stated  above. 

Sect.  23. — Torsion'.     Organs  of  any  considerable  length  very  commonly  ex- 

'  H.  de  Vries  m  the  set 
p.  2?2.— Wichura  in  Flora,  . 
Bot.  Zeitg.  i8?o,  p.  158. 
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hibit  torsions  about  their  axis  of  growth ;  the  stnations  on  the  -iurface  of  the  organ 
are  not  parallel  to  its  axis  of  growth,  but  run  round  it  in  the  form  of  more  or  less 
oblique  spiral  lines,  s.'.  if  the  organ  were  fastened  at  one  end  and  then  twisted  at  the 
other  Torsions  of  this  kind  occur  in  the  un  cellular  internodcs  ot  Ai/d/a  they  are 
common  in  the  elongated  multicellular  internodes  of  the  erect  stems  of  Dicot) 
ledon";,  unnersal  in  climbing  internodes;  the  setae  cf  Mosses  are  generallj  very 
strongly  twisted  E\en  in  flat  leaves,  as  Wichura  hia  shown  torsions  of  the  lamina 
occur  very  commonlj  thej  behave  like  strips  of  paper  fastened  at  one  end  and 
twisted  by  the  other  round  their  median  line  These  torsions  are  particularly  con 
spicuous  in  the  leaves  of  many  Grasses,  of  A/hum  ursinum  species  of  ilsliam^na 
&c.,  causing  the  under  side  of  the  lamina  to  lie  uppermost  toward*!  the  apex' 

Since  the  striae  on  a  twisted  organ  run  spirally  round  the  axis,  they  must  exceed 
the  axis  in  length  ;  if  therefore  the  torsion  is  the  result  of  growth,  the  growth  of  the 
outer  layers  of  cylindrical,  conical,  or  prismatic  organs  (internodes,  roots,  &c.)  must 
be  more  rapid  or  must  last  longer  than  that  of  the  inner  layers;  and  in  twisted 
leaves  there  must  be  the  same  difference  as  respects  the  growth  of  the  mid-rib  in 
comparison  to  that  of  the  margins.  The  fact  that  at  the  time  of  most  rapid  growth 
the  inner  layers  generally  grow  more  rapidly  than  the  outer  ones  (Sect.  13),  thus 
preventing  the  possibility  of  torsion,  the  additional  fact  that  torsion  does  not  gener- 
ally take  place  until  growth  is  ceasing,  and  lastly,  the  circumstance  that  etiolated 
internodes,  which  in  a  normal  state  do  not  exhibit  torsion,  usually  manifest  this 
phenomenon  at  the  close  of  their  growth,  lead  to  the  conclusion  (hat  torsion  is  the 
result  of  growth  continuing  in  the  outer  layers  after  it  has  ceased  or  begun  to  cease 
in  the  inner  layers.  In  twisted  leaves,  especially  those  oi  Alslr<emeria,  the  torsion 
however  begins  earlier.  If  the  growth  of  the  outer  layers,  besides  being  greater, 
were  also  exactly  parallel  to  the  axis,  and  if  the  resistance  to  the  strain  thus  caused 
of  the  outer  against  the  inner  layers  were  exactly  in  the  direction  of  the  axis,  there 
would  be  no  torsion,  but  only  a  longitudinal  tension  between  them,  which  would 
be  directly  opposed  to  the  tension  of  the  layers  already  described.  It  is  however 
evident  that  this  would  be  possible  only  if  all  the  parts  were  arranged  with  mathe- 
matical precision  ;  but  that  any  irregularity,  however  small,  must  give  a  lateral  direc- 
tion to  the  strain  in  the  outer  layers,  and  thus  cause  a  torsion'. 

Torsions  are  also  very  often  the  result  of  an  increase  in  diameter  or  are  made 
more  evident  as  the  formation  of  wood  advances,  as  is  often  seen  in  the  bark  of  old 
stems  of  Dicotyledons  and  Conifers,  and  more  clearly  in  the  oblique  course  of  the 
fibro-vascular  bundles.  It  may  be  concluded  with  probability  that  the  phenomenon 
is  the  result  of  the  small  but  powerful  increase  in  length  of  the  young  wood-cells ; 
if  these  did  not  increase  at  ail  in  length  no  torsion  would  take  place. 


'  [Similar  torsions  occur  in  petals  as  Cyclameit,  fruits  as  Ailanihis  malaharica,  and  not  unfre- 
quenlly  in  pedicels  or  inferior  ovarits  as  OichideK,  causing  the  anterior  part  of  the  flower  lo  Iwcome 
apparently  posterior,  and  vice  verso.] 

'  This  can  easily  he  made  dear  to  the  student  in  the  following  way.  If  an  india-rubber  tube 
is  strongly  stretched,  and  another  tnbe  only  a  little  wider  is  drawn  over  it,  and  Ihe  first  is  then 
released,  it  contracts  and  is  then  too  short  for  the  outer  tube.  If  the  two  tubes  were  perfectly 
uniform  in  structure  in  the  longitudinal  and  transverse  directions,  the  only  result  would  be 
a  longitudinal  tension;  hut  torsion  takes  place  also  because  a  transverse  is  combined  with  the 
longitudinal  tension. 


vGooqIc 


y  mp    f     \y    ] 


If  ii 

J  wh  n  I 


gan    f  h     k    d       fi      1  h 
n       d  by      d    p     f 

t,    1      m  il  g  f 


gl     d 


b}    h 


of  h 

1  ng  I 


g  f 


i 


f   h 
f 


h  F 
hp 


If    h 


d      mdbhwghfh       m 

Torsions  of  this  kind  also  occur  frequently  when  leafy  shoots  rise  in  consequence 
of  geotropism  from  a  horizontal  position,  and  are  caused  by  the  unequal  distribution 
of  the  weight  of  the  leaves,  and  by  their  various  geotropic  and  heliotropic  curvatures 
twisting  the  stem  as  it  becomes  erect.  Very  clear  instances  are  furnished  by  long 
petioles  as  thobe  of  Cucurbila,  when  the  branch  from  which  they  spring  is  fixed  in 
a  reverse  position  The  effect  of  geotropism  alone  or  combined  with  heliotropism 
would  be  simply  to  cause  the  petiole  to  curl  upwards  in  a  vertical  plane ;  but  the 
weight  of  the  lamina  is  scarcely  ever  equally  distributed  on  the  two  sides  of  the  plane 
of  curvature ,  one  =iide  is  more  heavily  weighted,  and  causes  the  plane  of  curvature 
of  the  petiole  to  bend  obliquely  to  that  side,  and  other  parts  of  the  petiole  to  be 
thus  exposed  to  the  influence  of  gravitation  and  heliotropism.  Complicated  curva- 
tures and  torsions  of  the  petiole  and  of  the  lamina  itself  are  caused  in  this  way,  the 
final  result  being  again  to  reverse  the  lamina,  so  as  to  bring  its  proper  upper  side 
uppermost  and  expose  it  to  the  light  as  much  as  possible. 

It  will  be  seen  therefore  that  a  distinction  must  be  drawn  between  two  kinds  of 
torsion;  firstly,  that  of  erect  organs;  and  secondly,  that  of  organs  which  grow  in  a  hori- 
zontal or  oblique  position.  In  the  former  case  the  torsion  results  from  internal  con- 
ditions of  growth,  and  especiall)'  from  the  outer  layers  growing  more  rapidly  than  the 
inner  ones ;  the  arrangement  of  the  internal  parts — in  the  internodes  of  higher  plants 
probably  the  course  of  the  fibro- vascular  bundles — determines  the  direction  of  the  torsion. 

Torsions  of  the  second  kind  are  caused  In  quite  a  different  way.  The  outer  layer.'! 
of  the  growing  organ  are  in  a  state  of  passive  tension,  and  there  is  no  internal  tendency 
to  torsion ;  but  the  weight  of  the  parts  attached  to  It  causes  a  torsion  of  the  growing 
organ,  which  is  rendered  permanent  by  growth  and  by  the  very  imperfect  elasticity 
of  the  organ. 
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Sect.  24.— The  Twining  of  Climbing  Plants'.  The  stems  of  climbing  plants, 
composed  of  long  internodes,  have  the  power  of  twining  spirally  round  upright 
slender  supports  ;  and  the  long  petioles  of  the  Fern  Lygodium  possess  the  same 
property.  This  twining  is  a  consequence  of  unequal  growth,  of  a  revolving  nutation. 
It  is  not  caused,  as  Mohl  held,  by  an  irritation  exercised  by  the  support  on  the 
growing  internodes,  and  is  therefore  essentially  distinct  from  the  twining  of  tendrils 
round  supports,  which  depends  on  the  irritation  caused  by  constant  and  permanent 
pressure^. 

Only  a  few  plants  twine  to  the  right  (('.  e.  from  right  to  left  as  one  looks  at  the 
support  round  which  the  plant  twines),  following  the  course  of  the  snn  or  of  the 
hands  of  a  watch  ;  among  these  are  the  Hop,  Tamus  ekphantipes.  Polygonum  scandens, 
and  the  Honeysuckle;  the  greater  number  twine  to  the  lefl,  as  Arislolochia  Sipho, 
Thimbergiafragrans,  Jasmintum  gracile,  Convolvultts  Sepium,  Ipomcea  purpurea,  Ascle- 
pias  carnosa,  Mcnispermum  canadense,  Pkaseolus,  &c. 

The  first  internodes  of  twining  stems,  whether  they  are  primary  stems  as  in 
Pkascolus,  lateral  shoots  from  rhizomes  as  in  Convolvulus,  or  from  aerial  organs  as 
in  Arislolochia,  do  not  twine  but  grow  erect  without  any  support.  The  succeeding 
internodes  of  the  same  shoot  twine ;  they  first  of  all  elongate  considerably,  while 
their  leaves  grow  only  slowly.  The  long  young  internodes  incline  to  one  side  in 
consequence  of  their  weight,  and  in  this  position  revolving  nutalion  begins;  the 
overhanging  part  curves  and  executes  a  movement  which  causes  the  terminal  bud  to 
describe  a  circle  or  ellipse.  This  circular  motion  is  caused  entirely  by  the  curving 
of  nutation  If  a  black  line  is  painted  along  the  convex  side  of  an  inlernode  of  a 
plant  that  twmes  to  the  right  like  the  Hop  while  the  bud  ispomting  to  the  south,  then, 
when  the  bud  points  to  the  north  it  will  be  found  on  the  concave  side  when  to  the 
west  or  east  on  the  lateral  surface  between  the  convex  and  concave  sides  Usually 
two  or  three  of  the  jounger  internodes  are  in  a  state  of  revolving  nutation  at  the 
same  time ,  and  since  thej  are  in  diiterent  'Stages  ol  growlh  the  curvature  of  the 
older  internode  does  not  generallj  ccincide  with  that  of  the  younger  one  ,  the  whole 
does  not  therefore  form  a  simple  arc,  but  often  an  elongated  letter  b,  with  the 
different  parts  lying  m  different  planes  As  new  internodes  develope  from  the  bud, 
they  begin  to  revolve,  while  the  third  or  fourth  internode  ceases  to  do  eo  becomes 
erect,  and  manifests  another  fonn  of  movement,  becoming  twisted  unnl  its  growth 


'  [L.  Palm,  Ueber  das  Winden  der  Pflaniten;  Preissclirift.  Stuttgart  1827.— Mohl,  Ueber  den 
Bau  uad  das  Winden  der  Ranken  und  Schlingpflanzen,  Tubingen  iKay. — Dutrochet,  Comptes 
lendus,  1844.  vol.  XIX,  and  Ann.  des  Sci.  Nat.  jtd  ser.  vol.  II.— Darwin,  On  the  Movements  and 
Habits  of  Climbing  Plants,  London  1875). 

"  Darwin  has  already  attempted  to  show  that  Mohl's  view  of  the  irritability  of  climbing  inter- 
nodes is  untenable,  without  however  bringing  forward  any  convincing  proof.  Bnt  this  proof  has 
been  afforded  by  H.  de  Vries  in  a  series  of  investigations  carried  on  in  the  Wiirzburg  laboratory, 
published  in  the  third  part  of  vol.  I  of  the  Proceedings  of  the  Wiirzburg  Bot.  Inst.  (iSjj).  The 
description  here  given  of  the  mechanical  principles  is  based  principally  on  his  results. 

[See  also  Darwin,  Movements  and  Habits  of  Climbing  Plants,  1875,  and  Movements  of 
Plants,  1880.] 

'  Torsion  is  Uierefore  not  the  cause  of  the  revolution  of  the  apex  of  the  shoot,  as  is  seen  at  once 
from  the  fact  that  the  number  of  revolutions  of  torsion  in  the  same  time  is  different  from  thai  of  the 
revolutions  of  nutation. 
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The  direction  of  revolving  nutation  and  of  torsion  is,  in  all  climbing  plants,  the 
same  as  that  in  which  they  twine  round  their  support'.  If  a  point  in  the  terminal 
region  exhibiting  nutation  is  prevented  from  moving  by  some  external  cause,  as  by 
being  fixed,  the  revolving  movement  of  the  free  part  will  continue  for  some  time, 
but  the  free  part  will  then  grow  in  a  spiral  ascending  in  the  direction  of  nutation. 
The  revolving  movement  of  nutation  thus  combines  with  the  induced  torsion  of  the 
lower  parts  which  are  already  coiled  spirally;  but  this  torsion  is  opposed  in  its  direc- 
tion to  the  revolving  nutation,  and  therefore  also  to  the  tor^on  previously  mentioned 
which  exists  in  the  lower  portion  of  the  free  part  This  Utter  torsion  is  probably 
occasioned  by  the  weight  of  the  free  overhangmg  apex  of  the  shoot  at  ail  events 
it  causes  the  concave  side  of  the  part  in  a  btate  of  revolvmg  nutation  to  face  from 
that  time  the  axis  of  the  spiral  which  has  been  formed 

The  most  common  case  in  which  revolv  ng  nutation  is  hindered  m  this  way  is 
when  the  apex  of  a  shoot  comes,  in  consequence  of  this  motion  into  contact  with 
an  erect  support.  If  .the  support  is  not  too  thick  it  forms  the  aus  of  the  spiial 
curvatures  which  the  climbing  stem  makes  round  it  when  the  support  b  very 
slender,  the  stem  winds  in  such  large  coils  tliat  thej  do  not  touch  the  support  at  all, 
or  only  accidentally  at  a  few  places. 

But  revolving  nutation  can  also  be  artificiallj  interfered  with  in  various  other 
ways ;  as,  for  example,  by  placing  a  support  on  the  posterior  side  of  the  shoot  as 
respects  its  revolution,  and  fastening  it  by  means  of  gum  to  the  apex  of  the  shoot, 
which  would  otherwise  become  detached  from  it  The  first  sp  ral  coil  is  in  this  case 
formed  in  precisely  the  same  manner  as  if  the  support  were  m  its  normil  position, 
but  the  support  stands  outside  the  coil  whioh  does  not  therefore  embrace  it  bp  ri! 
coils  of  this  kind,  not  embracing  any  support  arc  frequently  produced  when  the 
stem  rises  above  its  support. 

The  youngest  coils  of  a  twining  stem  are  not  usmll)  in  contact  with  its  support 

they  are  wide  and  flat;  while  the  older  coils  are  in  close  cont.  ct  with  it  ind  are 

narrower  and  more  oblique.     This  shows  that  the  cbse  clinging  of  climbing  stems 

to  their  support  is  a  subsequent  result,  the  coils  being  at  first  looser  and  wider  and 

becoming  afterwards  narrower  and  more  oblique      Thi^.  fact  which  is  of  great  mi 

portance  in  the  interpretation  of  the  phenomena  of  climbing  plants    was  placed 

beyond  doubt  by  de  Vries,  who  caused  the  summits  of  climbing  plants  to  coil  in 

this  manner  witjiout  having  any  support  in  the  middle      In  th  s  case  also  the  coil^> 

were  at  first  wider  and  Hatter,  and  became  narrower  and  m  re  obliq  le  with  mcreasing 

age,  until  at  length  the  piece  became  quite  erect  a  re\olutoa  of  torsion  being  all 

that  represented  each  spiral  revolution.     It  is  not  improbable  that  geotrojism  is  the 

cau        fh         1  —     fifl  dm  almost  honzontal— becoming  after 

d  b!  X  I  1         h       h  ger  the  force  w  th  which  the  coils 

b      m  d  q         I      m         clcstlj    must   thev  cling  to  the  r 

I  If  th  pp  h  he  coils  the  )Ounger  parts  of  the 

mm       illb        nlalyp  dj       f         performing  their  normal  resolution 

f  dip      will    h      f  to  glow  in  a  spiral  and  will  climb 

II    f     h        pi         pp         h       Id  lis  always  becoming  more  oblique 
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and  clinging  to  the  support.  If  the  support  is  removed  soon  after  a  few  loose  coils 
have  been  formed  round  it,  the  shoot  will  retain  its  spiral  form  for  a  time,  but  will 
then  straighten  itself  and  recommence  the  revolution  at  its  apex. 

A  revolution  of  torsion  of  the  twining  interaodes  must,  on  purely  mechanical 
grounds,  accompany  every  revolution  of  twining ;  but  torsions  of  the  parts  which 
have  already  coiled  also  occur,  especially  with  round  rough  irregular  supports ;  their 
direction  is  sometimes  to  the  right,  sometimes  to  the  left. 

During  the  course  of  the  twining  the  leaves  must  somelimes  stand  on  the  out- 
side, sometimes  on  the  inside  of  the  coils';  in  the  latter  case  the  leaf-stalk  will  be 
pressed  against  the  support  on  which  it  slips  laterally  under  the  pressure  of  the 
contracting  coil,  dragging  the  internode  sideways  with  it,  and  thus  causing  a  local 
torsion. 

What  has  now  been  said  includes  almost  all  that  we  at  present  know  on  the 
mechanism  of  the  twining  of  climbing  stems.  A  few  remarks,  borrowed  from  Darwin, 
may  be  added. 

The  revolution  of  the  free  overhanging  apex  is  often  strikingly  uniform  in  the  same 
plant  under  the  same  external  conditions  (as  e.g.  in  the  Hop,  Micania,  Pbaieolui,  &C.). 

The  following  table  of  Darwin's  gives  some  idea  of  the  time  required,  under  favour- 
able conditions,  for  a  revolution : — 

Scyphanthas  ehgans  i  hour  17  min. 

Akebia  quinata  l      „      30     „ 

Contmlvului  lep'min  i      „     42     „ 

Pbaifolui  •valgarij  I      „     55     „ 

jidbatoda  (cydonafblia)     48      „  „ 

The  direction  of  the  twining  is  usually  constant  in  the  same  species ;  but  it  does 
sometimes  happen,  as  in  Solanum  Dulcamara  and  Loaia  aurantiata,  that  different  indi- 
viduals twine  in  opposite  directions  Darwin  found  in  these  two  pec'es  and  in  Scyphan- 
thus  elegans  and  Hibbertia  deniata,  that  the  s  me  sten  II  s  met  raes  twine  first  in  one  ■ 
and  then  in  the  other  direction. 

The  positive  hehotropism  of  tw  n  ng  intemodes  s  generally  leeble;  a  powerful 
heliotropism  would  obviously  be  onlj  a  h  ndrance  to  the  tw  n  g  and  especially  to  the 
revolution,  by  which  an  effort,  so  to  speak  s  n  ade  to  reach  the  support.  Heliotropism 
is  however  shown  by  the  fact  that  hen  the  1  ght  falls  tro  n  one  s  de  only,  revolution 
takes  place  more  quickly  towards  the  so  r  e  of  1  ght  tha  awaj  from  it;  as  t.g,  in 
Ipomsa  jucmtda,  Loriicera  brachypoda   PI  a  eolus  and  H  nul 

It  may  be  concluded  from  what  has  been  sa  d  on  the  mechm  sm  of  twining  that 
there  is  for  every  species  a  certai  nas.  um  of  th  cknes'  of  the  s  pport  at  which  the 
twining  is  possible.  The  support  must  not  be  uch  th  cker  than  tl  e  diameter  of  the 
coils  which  the  shoot  can  make  w  tho  t  a  suppo  t  t  the  upport  s  too  thick,  the  apex 
of  the  shoot  attempts  to  make  co  Is  by  ts  s  de  and  these  eventually  become  effaced, 
Darwin  (/.  c.  p.  aa)  acknowledges  his  ignorance  of  the  cause  why  the  climbing  plant 
cannot  twine  round  supports  which  are  too  thick ;  de  Vries's  experiments  however  seem 
to  give  a  sufficient  explanation. 

The  movements  of  twining  intemodes  are  more  energetic  the  more  favourable  the 
external  conditions  of  growth,  and  the  more  rapid  the  growth  itself,  they  are  therefore 
vigorous  when  food  is  abundant,  temperature  high,  and  the  plants  contain  abundance  of 

'  I  may  take  this  opportunity  of  remarking  that,  according  to  Dutrochet,  the  genetic  spiral  of 
the  phjliolaxis  takes  the  same  direction  in  climbing  plants  which  have  their  leave,  arranged  spirally 
as  the  twining;  and  therefore  also  the  same  as  the  spontaneous  torsion  and  the  revolving  nutation 
of  the  same  plants. 
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sap.  The  direct  action  of  light  is  not  necessary  for  twining,  since  even  etiolated  plants 
(as  Jpomtea  purpurea  and  Pboieolm  multiflorui)  cling  closely  to  their  support  in  the  dark. 
The  assertion  of  Duchartre  that  Dioscorea  Batatas  does  not  twine  in  the  dark  reduces 
itself,  according  to  de  Vries's  more  recent  observations,  to  the  fact  that  while  normal 
green  shoots  continue  to  climb  in  the  dark,  they  cease  rotating  and  twining  when  they 
become  etiolated. 

Sect.  25. — The  Twining  of  Tendrils'.  Under  the  term  tendril  may  be 
comprised  all  filiform  or  at  least  slender  long  and  narrow  parts  of  plants  which 
possess  the  property  of  curving  round  slender  solid  supports  with  which  they  come 
in  contact  during  their  growth,  clinging  to  them  in  consequence,  and  thus  at  length 
fixing  the  plant  to  them.  Tendrils  are  therefore  at  once  distinguished  from  climbing 
internodes  by  their  irritability  to  contact  or  pressure. 

Organs  of  the  most  various  morphological  description  may  assume  this  physi- 
ological property.  Sometimes  tendrils  are  metamorphosed  branches,  as  in  Vi/is, 
Ampelopsis,  Passiflora,  and  Cardmpermum  Halicacabum,  where  they  may  be  con- 
sidered  more   accurately   as    metamorphosed   ilower-slalks    or  inflorescences.     In 


Cuscula  the  whole  stem  may  be  regarded  as  a  tendril  rather  than  as  a  climbing 
stem.  In  other  cases,  as  in  Chmatis,  Tropmolum  (Fig.  486),  Maurandta,  Lopko- 
spermum.  Solatium  jasminoides,  &c,,  the  petioles  may  serve  as  tendrils.  In  Fu- 
maria  officinalis  and  Corydalis  daviculala  the  whole  of  the  finely-divided  leaf  is 
sensitive  to  contact,  and  its  separate  parts  have  the  power  of  twining  round  slender 
bodies.  In  Glariosa  Plantii  and  Flagellaria  indica  the  mid-rib  protruding  beyond 
the  leaf  serves  as  a  tendril.  In  many  Bignoniacefe,  in  Cobaa  scandens,  in  Pisum, 
&c.  the  anterior  (upper)  part  of  the  pinnate  leaf  is  transformed  into  slender  filiform 
tendrils  inclined  forwards,  while  the  basal  part  of  the  leaf  is  rigid  and  divided 
into  leaflets ;  sometimes,  as  in  Lathyrtts  Aphaca,  the  whole  of  the  leaf  is  replaced 
by  a  filiform  tendril.  The  morphological  character  of  the  tendrils  of  Cucurbi- 
tacese  is  stil!  doubtful,  though  they  must  probably  be  regarded  as  metamorphosed 
branches.  

'    '  See    the   literature    quoted    in    ihe   preceding   section,    and   de    Vries,   Arb.   d.    bot,    Inst,   in 
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The  distinguishing  properlies  of  tendrils  are  more  perfectly  developed  the  more 
exclusively  they  serve  as  organs  of  attachment  for  the  sole  purpose  of  climbing,  the 
less  therefore  they  partake  of  the  normal  character  of  leaves  or  parts  of  the  stem  ;  in 
other  words,  the  more  perfectly  the  metamorphosis  is  carried  out.  To  this  category 
belong  especially  the  simple  or  branched  filiform  tendrils  of  the  CucurbitaceK, 
Ampelidece,  and  Passifloreffi.  A  typically  developed  tendril  of  this  kind  is  repre- 
sented in  the  mature  state  in  Fig.  487,  after  it  has  seized  hold  of  a  support  by  its 
apex  and  then  coiled  up.  What  is  said  here  refers  especially  to  true  tendrils  of 
this  description. 

The  characteristic  properties  of  tendrils  are  developed  when  they  have  com- 
pletely emerged  from  the  bud- condition,  and  have  attained  about  three-fourths  of 
their  ultimate  size.  In  this  state  Ihey  are  stretched  straight;  the  apex  of  the  shoot 
which  bears  them  usually  revolves,  the  tendril  itself  exhibiting  the  same  phenomenon, 
curving  along  its  whole  length  (with  the  exception  usually  of  the  oblique  basal 
portion  and  the  hooked  apex)  in  such  a  manner  that  the  upper  side,  the  right  side, 
the  under  side,  and  the  left  side  become  in  turn  convex.  No  torsion  takes  place. 
During  this  revolution  the  tendril  is  rapidly  growing  in  length  and  is  sensitive  to 
contact ;  /.  e.  any  contact  of  greaier  or  less  intensity  on  the  sensitive  side  causes 
a  concave  curvature  first  of  all  at  the  point  of  contact,  from  which  the  curvature 
extends  upwards  and  downwards.  If  the  contact  is  only  temporary,  the  tendril 
again  straightens  itself  The  degree  of  sensitiveness '  is  very  difi"erent  in  different 
species;  in  Passiftora  gracilis  a  pressure  of  I  miliigram  is  sufficient  to  cause  curva- 
ture in  a  very  short  time  (25  sec);  in  other  species  a  pressure  of  3  or  4  milligrams 
is  required  and  the  curvature  does  not  take  place  so  soon  (30  sec.  in  Sicyos) ;  the 
tendrils  of  other  species  curve,  when  slightly  rubbed,  in  a  few  minutes ;  in  the  case 
of  Dicentra  ihaliclrifolia  in  half  an  hour ;  in  Smilax  only  after  more  than  an  hour ; 
in  Ampelopsis  still  more  slowly. 

The  curvature  on  the  side  which  has  been  touched  increases  for  some  time, 
then  remains  stationary,  and  finally  (often  after  some  hours)  the  tendril  again 
straightens  itself,  in  which  state  it  is  once  more  sensitive.  A  tendril  the  apex  of 
which  is  slightly  curved  is  sensitive  only  on  the  concave  under  surface ;  others,  as 
those  of  Cobcea  and  Cissus  discolor,  are  sensitive  on  all  sides;  in  Mulisia  and 
Clematis  the  under  and  lateral  surfaces  are  sensitive,  but  not  the  upper  surface. 

While  the  revolving  nutation  and  sensitiveness  last  the  tendril  attains  its  full  size 
in  a  few  days ;  the  revolving  motion  then  ceases,  and  with  it  the  sensitiveness ;  and 
further  changes  then  follow,  differing  in  different  species.  In  some  (he  tendrils 
remain  straight  after  they  have  completely  developed  and  become  motionless;  in 
others  they  become  abortive  and  fall  off,  as  e.g.  Bignonia,  Vilis,  and  Ampelopsis.  It  is 
more  common  for  the  tendrils  to  roll  up  from  the  apex  slowly  to  the  base,  when 
growth  has  ceased  with  the  concave  side  undermost,  so  that  they  at  length  form 
a  spiral  (as  in  Cardiospermum  and  Mutisid)  or  more  often  a  helix  narrowing  conically 
upwards  (as  in  CucurbitaoeEe,  PassiilorCK,  &c.),  in  which  state  they  then  dry  up  and 
become  woody. 

'  This  and  what  follows  is  from  Darwin.  Movements  and  Habits  of  Climbing  Plants  (iS;;;), 
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These  processes  must  however  be  considered  as  abnormal,  the  tendrils  having 
failed  of  performing  their  purpose  of  coming  into  contact,  by  means  of  their  revolving 
nutation,  with  a  support  during  the  period  that  they  are  sensitive  and  still  in  a  grow- 
ing state.  If  this  contact  takes  place  on  the  sensitive  side,  a  curvature  arises  at  the 
spot,  and  the  tendril  clings  to  the  support;  fresh  sensitive  spots  are  thus  constantly 
brought  into  contact  with  it,  and  the  free  apex  twines  firmly  round  the  supporT 
in  a  larger  or  smaller  number  of  coils  (Fig.  487).  The  nearer  the  spot  where 
contact  first  takes  place  to  the  base  of  the 
tendril  the  larger  are  the  number  of  revolu- 
tions round  the  support,  and  the  stronger  the 
attachment;  though  even  a  small  number  of 
coils  is  sufficient  to  attach  it  with  con- 
siderable force.  The  portion  of  the  tendril 
between  its  base  and  the  point  of  attachment 
is  obviously  unable  to  twine  round  the  support 
like  the  free  apex;  and  therefore  the  irritation 
caused  by  the  contact  extending  to  the  portion 
that  is  not  in  contact  produces  a  different  form 
of  curvature,  consisting  in  a  rolling  up  of  this 
portion  into  the  form  of  a  corkscrew,  as  shown 
in  Fig.  487  u,  w,  w'.  This  coiling  is  similar  to 
that  already  mentioned  as  taking  place  of  its 
own  accord  in  many  tendrils  which  do  not  take 
hold  of  a  support,  especially  in  the  circum- 
stance chat  the  under  or  dorsal  side  of  the 
tendril  is  always  the  concave  one ;  bul  it  differs 
from  a  spontaneous  coiling  in  being  always  the 
result  of  irritadon,  occurring  invariably  when 
tendrils  take  hold  of  a  support,  and  also  in 
taking  place  some  time  (half  a  day  to  a  day) 
after  the  attachment,  at  a  time  when  the  tendril 
is  still  perfectly  sensitive  and  growing  rapidly 
in  length;  while  the  spontaneous  coiling  occurs 
only  with  the  cessation  of  growth  and  of  irri- 
tability. The  coiling  which  is  the  result  of  the  po"i™'o'iiiiebriiSch  tTOiiri.hkh\he"tendriisprrnBs"bs 
irritation  caused  by  contact  also  takes  place  low^psn  of  111=  Kndrii^issmiighii  the  upper  ^m 
much  more  rapidly  than  that  which  is  sponta-  pi"bn»™.ihtiteidbasa[^Bnk>ii«ai.dih,  p!.miof 
neous;  both  can  be  readily  observed  by  noticing  tranchH,.  ws/ihetwo  spots  whaeuieiiirKHon  of  the 
older  tendrils  which  are"  still  straight  and  have 

not  attached  themselves,  and  younger  ones  on  the  same  shoot  that  are  attached  and 
already  coiled  up.  The  coiling  of  tendrils  attached  to  supports  is  therefore  a  result 
Of  stimulation  in  the  same  sense  as  the  twining  of  the  free  portion  round  a  support ; 
and  it  is  only  the  physical  impossibility  of  also  twining  round  the  support  that  forces 
the  portion  of  the  tendril  between  its  base  and  the  support  to  coil  up  like  a  cork- 
screw. The  coiling  of  this  intermediate  portion,  like  the  curvature  of  a  longer  piece 
of  a  tendril  in  consequence  of  the  contact  of  a  single  point,  is  a  proof  that  the  local 
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irritalion  is  communicated  along  the  tendril.  The  whole  consequence  of  irrilation 
does  not  however  end  with  these  phenomena ;  for  tendrils  that  are  fixed  to  a  sup- 
port also  increase  subsequently  in  thickness,  sometimes  very  considerably,  like  the 
petioles  of  Solanum  jasminotdes  ;  they  become  woody,  and  have  a  longer  term  of  life 
than  those  which  have  coiled  spontaneously,  or  generally  than  those  that  have  not 
attached  themselves. 

There  is  still  another  point  in  which  attached  tendrils  differ  from  those  that 
have  coiled  spontaneously.  In  the  latter  all  the  coils  of  the  spiral  run  in  one  direc- 
tion ;  those  of  a  tendril  attached  to  a  support  have,  on  the  contrary,  points  (Fig.  487, 
la,  11/)  at  which  the  direction  changes ;  between  any  two  of  these  points  is  a  number 
of  coils  in  the  same  direction,  those  beyond  them  being  in  (he  opposite  direction ;  in 
long  tendrils  with  close  coils  there  are  often  as  many  as  five  or  six  of  these  points, 
Darwin  has  already  shown  that  this  is  no  special  property  of  tendrils,  and  still  less 
a  specific  result  of  irritation,  but  is  rather  a  physical  necessity;  for  if  a  body  which 
coils  up  is  fixed  at  both  ends  so  that  no  twisting  can  take  place  at  either  end,  the 
coils  must  necessarily  be  produced  in  opposite  directions  in  order  that  the  torsions 
which  are  unavoidably  produced  may  counterbalance  one  another.  This  behaviour 
of  fixed  tendrils  can  be  imitated  by  cementing  a  narrow  stretched  strip  of  india- 
rubber  firmly  along  anotlier  strip  which  is  not  stretched,  and  then  releasing  the 
former;  it  contracts  and  forms  the  inside  of  a  spiral,  the  outer  side  of  which  is 
formed  by  the  strip  that  is  not  stretched.  If  the  double  strip  is  held  at  each  end 
and  first  stretched  out  straight  and  then  relaxed,  coils  will  be  produced,  some  to  the 
right,  others  to  the  left,  as  in  a  tendril.  If  one  end  is  now  let  go,  the  strip  will  twist 
itself  anew  into  a  spiral. 

Since  all  the  movements  of  tendrils  that  have  been  described  are  the  result  of 
growth,  they  take  place  only  when  the  external  conditions  of  growth  are  favourable, 
and  the  more  energetically  the  more  favourable  they  are  ;  this  is  the  case  when  food 
is  abundant,  temperature  high,  and  the  plant  contains  abundance  of  sap,  the  result 
of  a  copious  supply  of  water  combined  with  small  loss  by  transpiration.  Under 
these  conditions  tendrils  can,  as  1  have  shown,  carry  on  their  nutation  and  sensitive 
movements  even  in  the  dark,  and  can  twine  and  coil  round  supports.  An  instance 
is  afforded  by  plants  of  Cucurhila  Pepo,  the  upper  parts  of  which  are  grown  in  a 
dark  vessel,  and  which  are  nourished  by  green  leaves  exposed  to  light. 

As  regards  the  mechanism  of  the  curvatures  caused  by  contact,  as  well  as  the 
coiling  of  free  tendrils,  it  cannot  be  doubted  that  we  have  here  to  do  with  processes 
of  growth  and  of  its  alteration  by  transverse  pressure  on  the  side  which  is  growing 
less  rapidly.  The  tendrils  are  only,  sensitive  to  contact  or  pressure  so  long  as  they 
are  in  a  gro%ving  state.  A  curvature  due  to  irritation  may  be  effaced  during  growth, 
in  the  same  manner  as  the  curvature  of  growing  shoots  caused  by  concussion  ;  but 
if  the  irritation  from  the  support  lasts  for  a  longer  time  and  a  coiling  takes  place, 
the  difi'erence  in  length  between  the  convex  and  concave  surfaces  becomes  per- 
manent. The  cells  of  the  convex  are  longer  than  those  oF  the  concave  surface  (as 
in  roots  which  have  curved  downwards  or  nodes  of  Grasses  which  have  curved 
upwards);  in  thick  tendrils  which  coil  round  slender  supports  the  difference  in 
length  is  so  great  that  it  strikes  the  eye  at  once  without  measuring.  De  Vries's 
recent  experiments  on  tendrils  that  have  not  yet  coiled,  which  be  marked  with  trans- 
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verse  streaks  and  measured  after  they  had  coiled,  show  that  the  growth  of  the  con- 
vex surface  is  more  considerable,  that  of  the  concave  surface  less  so  than  in  the 
portions  of  the  same  tendril  that  have  remained  straight  above  and  below  the  curved 
part.  A  tendril  of  Cucurlnla  Pepo  twined  round  a  support  1-2  mm.  thick;  after  the 
curvature  was  complete,  the  increment  of  the  curved  part  for  each  millimetre  of 
original  length  was  i'4mm.  on  the  convex  surface,  while  on  the  concave  surface 
it  was  only  o'lmm. ;  the  mean  increment  on  both  surfaces  in  the  portion  that 
remained  straight  amounted  to  0-2  mm.  If  the  growth  which  takes  place  in  the 
entire  tendril  at  the  time  of  contact  with  a  support  is  small,  a  considerable  accelera- 
tion occurs  on  the  convex  surface,  but  in  general  there  is  no  elongation  on  the 
concave  surface,  or  there  may  even  be  a  contraction ;  in  the  case  of  a  tendrO  of 
Cwurbita  this  contraction  amounted  to  nearly  one-third  of  the  original  length. 

Similar  alterations  in  the  length  of  the  convex  and  concave  surfaces  are  observ- 
able in  the  spontaneous  coiling  of  free,  as  well  as  in  the  coiled  portion  of  attached 
tendrils  between  the  base  and  the  point  of  attachment ;  and  since  in  these  cases 
the  amount  of  growth  which  takes  place  in  the  entire  tendril  is  usually  small  a  short 
time  previously,  the  contraction  of  the  concave  surface  is,  according  to  de  Vries,  a 
very  common  phenomenon. 

The  conclusion  to  be  derived  from  these  phenomena  and  from  others  not 
described  here  is  that  the  growth  of  the  surface  not  in  contact  is  first  of  all  increased 
by  the  pressure  of  the  support;  the  support  presses  the  surface  that  is  in  contact, 
and  the  pressure  which  the  concave  surface  undergoes  arrests  its  growth,  or  even 
causes  a  contraction  in  it.  It  seems  probable  that  a  relaxation  of  the  parenchyma 
of  the  surface  in  contact  (by  giving  off  water  to  the  parenchyma  of  the  upper  sur- 
face) and  a  consequent  elastic  contraction  of  its  cell-walls  contribute  to  this  result ; 
at  least  this  seems  the  only  explanation  of  the  contraction  of  the  surface  in  contact 
in  the  case  of  tendrils  the  growth  of  which  has  already  become  slow.  We  have 
however  as  yet  no  knowledge  of  the  mode  in  which  the  slight  pressure  of  a  light 
thread  or  that  of  the  revolving  tendril  on  a  support  causes  this  alteration  of  growth 
not  only  at  the  point  of  contact,  but  along  the  entire  tendril. 

The  only  cause  of  the  spontaneous  coiling  of  tendrils  when  not  fixed  to  a  sup- 
port is  that  the  upper  surface  continues  to  lengthen  for  a  considerable  time  after 
the  growth  of  the  under  surface  has  ceased.  The  cells  of  the  growing  upper  sur- 
face probably  withdraw  from  those  of  the  under  surface  a  portion  of  their  water  (as 
the  inner  layers  of  the  pith  from  the  outer  layers,  see  p.  805),  which  causes  the 
latter  to  become  shorter,  and  the  former  to  become  longer. 

Without  entering  further  into  the  numerous  questions  of  a  purely  mechanical 
character  connected  with  the  curving  of  tendrils,  it  may  at  least  be  explained  why 
thick  tendrils  are  unable  to  twine  round  very  slender  supports.  If  two  tendrils  are 
compared  one  of  which  twines  round  a  slender,  the  other  round  a  thicker  support,  it 
will  be  seen  that  in  the  former  the  proportional  difference  in  length  of  the  outer  and 
inner  sides  must  be  greater  than  in  the  latter.  If  a  thick  and  a  slender  tendril  twining 
round  supports  of  equal  thickness  are  compared,  the  proportionate  difference  in 
length  of  the  outer  and  inner  surfaces  will  be  greater  in  the  former  than  the  latter  case ; 
and  if  the  support  is  supposed  to  decrease  constantly  in  thickness,  the  difference  vrill 
e  more  rapidly  in  the  case  of  the  thick  than  in  that  of  the  slender  tendril,  and 
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the  que'itioii  arises  whether  the  differenct-  in  growth  of  the  two  surfaces  of  (he  lendnl 
cin  reach  lo  an}  given  amoiuit  or  not  The  difference  in  knifth  between  the  two 
surfaces  caused  by  umqual  growth  has,  m  fact,  a  limit,  as  15  shown  by  experiment 
The  slender  tendrils  oi  Pts-^ifloi  a  gracilis  twine  firml)  round  threads  of  silk,  the 
thick  tendrils  of  the  \ine  on  the  other  hand  twine  onlj  round  supports  which  are  at 
least  from  a  to  3  mm  thick  The  most  strongl)  curved  tendril  of  a  Vine  which 
I  could  find  had  twined  firmlv  round  a  support  3  5  mm  thick,  and  in  a  nearly  circuhr 
coil,  the  mean  thickness  ot  the  tendnl  at  this  spot  wis  3  mm  The  conca\c  surface 
of  a  coil  was  nearly  irmm.,  the  convex  outer  surface  nearly  29  mm.  long,  the 
proportionate  length  of  the  two  surfaces  therefore  nearly  as  i  :  z-6.  If  this  tendril 
3  mm.  thick  were  forced  to  twine  round  a  support  only  o'g  mm.  in  thickness,  an 
almost  circular  coil  would  have  on  the  concave  surface  a  length  of  r'6mm.,  on  the 
c-onvex  surface  a  length  of  2o'4mm.;  the  relative  length  of  the  two  surfaces  would 
therefore  be  as  1  :  13;  and  it  does  not  seem  possible  for  growth  to  cause  so  great 
a  difference  in  length  between  the  two  surfaces  of  a  tendril.  If,  on  the  other  hand, 
the  problem  were  lo  cause  a  tendril  0-5  mm.  thick  to  twine  firmly  round  a  support 
of  the  same  thickness  in  nearly  circular  coils,  it  would  only  be  necessary  that 
the  inside  of  a  coil  should  be  I'ftmm.,  the  outside  47  mm.  long,  or  that  the  pro- 
portion between  the  two  surfaces  should  be  as  i  :  3. 

In  order  for  a  tendril  to  attach  itself  firmly  to  a  support,  it  is  not  sufficient  that 
its  coils  should  merely  be  in  contact  with  it;  they  must  be  firmly  appressed  lo  it. 
That  this  is  acfuafiy  the  case  is  seen  when  a  tendril  is  made  to  twine  round  a  smooth 
support,  and  the  support  is  then  withdrawn  ;  when,  as  de  Vries  has  shown,  the  coils 
become  at  once  narrower  and  increase  in  number.  This  fact  shows  also  that  a 
tendril  which  is  irritated  by  contact  with  a  support  endeavours  to  form  coils  the 
radius  of  whose  curvature  is  less  than  that  of  the  support,  provided  the  support 
is  not  too  slender  nor  the  tendril  too  thick. 

The  cases  are  very  instructive,  in  reference  to  the  pressure  which  the  coils  of 
tendrils  exercise  on  their  supports,  where  leaves  are  embraced  by  strong  tendrils,  and 
are  folded  and  compressed  by  them, 

What  has  now  been  said  is  merely  intended  to  draw  attention  to  the  more  important 
mechanical  principles  which  must  be  taken  into  account  in  the  twining  of  tendrils. 
The  biology  of  climbing  plants  and  of  those  furnished  with  tendrils,  so  fertile  in  extra- 
ordinary adaptations,  cannot  be  gone  into  in  detail.  On  this  subject  the  reader  will 
find  in  Darwin's  treatise  quoted  above  a  mass  of  beautiful  observations  most  admirably 
described. 

Since  the  physiological  function  of  tendrils  is  to  take  hold  of  supports  (generally 
other  plants)  in  order  to  allow  the  slender-stemmed  plant  which  is  furnished  with  them 
to  climb  up,  the  point  of  greatest  importance  is  for  the  tendril  to  be  brought  into  con- 
tact with  a  support.  This  is  usually  effected  with  extraordinary  perfection  by  the 
revolving  nutation  not  only  of  the  tendril  itself  but  also  of  the  apes  of  the  shoot  that 
bears  it  at  the  time  when  it  is  sensitive,  thus  causing  every  object  anywhere  within  reach 
of  the  tendril  which  could  be  used  as  a  support  to  be  brought  almost  inevitably  into 
contact  with  it.  The  apex  of  the  shoot  which  bears  the  tendril  usually  describes  an 
ascending  elliptic  helix,  the  revolution  being  completed  in  from  one  to  five  hours.  As  in 
the  case  of  twining  stems,  a  strong  positive  heliotropism  would  be  injurious,  as  it  would 
often  carry  the  tendril  away  from  the  supports.  Some  tendrils  appear  in  fact  to  be 
not  heliotropic  (those  of  Pimm  according  to  Darwin),  in  others  a  weak  positive  helio- 
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tropism  is  shown  by  the  fact  that  the  Ignttntkpl        me  quickly 

towards  the  light  than  away  from  it.    Som    t  nd   1      t  k    gly  thos      f  th    Virginian 

Creeper  and  B'lgnonia  cafreolata,  have  the      m    k  bl    po  t    i      1  p    g  broad  discs 

at  the  end  of  their  branches  when  they 

bodies,  which  attach  themselves  like  eupp    g  gl    ae 

plant  to  ciimb  up  vertical  walls  when  it  find    n      I     d 

In  this  case  it  is  obviously  necessary  that  th    I    d  1    h 

serves  as  its  support  in  order  to  become    tt    h  d  t     t 

heliotropism,  which  causes  the  tendril  to    pp        h  th 

now  perfonns  its  revolving  movements  of       t  t      ^ 

movements — creeps   along   the   surface,   h  ds        t   th 

developes  its  adhesive  discs. 

Sect.  3  6.  —  Movements  of  growing  Leaves  and  Floral  Organs  produced 
by  variations  of  Iiight  and  of  Temperature  In  the  foref,oing  pirsgraj  1  s  we 
have  become  acquainted  with  the  movements  of  curvature  of  grow  ng  organ  which 
take  place  when  the  external  conditions  are  constant  movements  which  aie  pro 
duced  by  the  more  rapid  growth  of  the  one  or  of  the  other  side  of  the  organ  under 
the  action  of  purely  internal  causes.  These  movements  were  termed  spontaneous 
nutations.'  Amongst  die  organs  endowed  with  spontane  us  nutation  we  found  that 
tendrils  are  peculiar  in  being  sensitive  to  contact  on  one  side  and  in  that  the  si  ght 
pressure  of  the  support  induces  a  more  rapid  growth  of  the  free  surface  and  a  much 
less  rapid  growth  of  the  surface  with  which  it  s  m  contact  Many  growing  foliage 
leaves  and  floral  organs,  possessing,  like  tendr  Is  a  bilateral  organisation  are  slimu 
lated  to  curve  by  variations  of  temperature  or  of  the  intens  tj  of  light  the  growth  of 
one  side  or  the  other  being  either  accelerated  or  retarded 

It  is  not  all  growing  leaves  and  flowers  tl  at  are  sensitive  to  these  meteorological 
influences;  among  plants  which  are  verj  closely  allied  some  do  and  some  do  not 
possess  this  property.  Pfeifer  mentions,  as  examples  of  ens  tne  growing  leaver  n 
addition  to  thp  very  sensitive  leaves  of  Impiliens  nolitingere  those  of  Chenopod  e'e 
Atnpliceie,  SolancEe,  Mimulus  tigrinus,  Mirabths  Jalapa  of  species  of  Stiene  and 
Alsine,  and  of  many  Composilse ;  to  this  list  Batalm  adds  Aftlva  rolmtdifoha  (Eno 
thera  sp ,  Portulacca  oleracea,  Linum  grandiflorum  Sielltna  media  Gnaphalmm  ultgt 
nosum,  various  species  of  Polygonum,  Seneno  zulgans  Sida  hapva  Rumeax  Hydtoli 
paihum,  Ipomma  purpurea,  and  Brassica  okra  ca  and  doubtless  further  mvestigation 
will  increase  the  number.  The  movements  of  these  leaves  are  not  effectei  by  means 
of  special  organs,  but  it  is  the  petiole  or  he  lower  part  of  the  lamma  of  the  leaf 
which  curves,  under  the  meteoric  influences  up  vards  or  downwards  accordingly  is 
the  growth  in  length  of  the  upper  or  of  the  lower  surface  has  been  accelerated  by 
them.  The  mode  of  antagonism  of  the  two  siles  of  the  bilateral  organ  is  different 
in  different  species  :  in  some  the  leaves  are  riised  at  night  as  m  Chenopodiu  1 
Brassica,  Polygonum  miiculare,  Slellaria,  Lmum    in  others   the  leaves  fall    as  m 


'  PfeiTer,  Physiologische  Untersuciiungen,  Le  pz  g  1873  and  Siti  ngsber  de  Ge»  znr  Bef 
derges.  Naturwiss-iu  Marburg,  1873.— Eatalin,  tl  ra    ib  3 

[Pfeffer,  Die  Peiiodischen  Beweg;imgen  der  Bla  torgai  e  i875^Dafwn  Mq  c  it  of  P  ai 
— Wiesner,  Die  heliotropische  Ersclieinungen,  II,] 

In  these  works  full  references  are  given  to  llie  older  literature  of  the  subject. 
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various  species  of  Impaiiens,  in  Polygonum  Convolvulus,  and  in  Sida  Napaa.  The 
amplitude  of  these  curvatures  which  follow  the  alternation  of  day  and  night  appears  to 
increase  and  diminish  with  the  increase  and  the  diminution  of  the  rapidity  of  growth. 
'  In  young  leaves,'  says  Batalin,  '  the  curvatures  are  the  greatest,  and  in  Chempodium 
and  Slellaria,  for  example,  they  go  so  far  that  at  night  the  young  leaves  close 
lo  form  very  large  buds :  the  older  leaves  curve  but  little,  the  oldest  not  at  all.' 

Among  floral  organs  it  is  more  especially  the  movements  of  ihe  petals  and  of 
the  tubes  of  gamopetalous  flowers  which  have  attracted  attention ;  no  movements 
which  could  be  included  in  this  category  are  known  to  occur  in  stamens  or  styles. 
The  movement  consists  in  the  curvature  of  the  petal  or  of  the  segment  of  a  corolla 
outwards  at  certain  times  of  the  day  and  inwards  at  others,  in  such  a  way  that  in  the 
ordinary  course  the  flower  opens  and  shuts  once  in  a  day.  The  opening  occurs 
usually  in  the  morning  or  during  the  day  when  the  intensity  of  light  and  the  tem- 
perature are  increasing,  the  closing  towai'ds  evening  when  light  and  heat  are  diminish- 
ing although  tfe  contrary  is  somet  mes  the  cise  Ijit-the  ComposilK  tlie  movements 
of  the  mdnidual  flowers  effect  not  so  much  their  own  opening  'ind  closing  as  that  of 
the  whole  capitulum 

Among  Ihe  very  numerous  mstances  of  mot  le  flowers  the  following  have  been 
more  particularly  investigated  Ciocui,  Tuhpa  Cokhtcuin  Ormlhogalum  Anemone, 
RiizuJiculus,  NymphcEa,  Makpe,  many  Composit'*,  especially  Taraxacum,  Lemtydon, 
Sicoizonera,  Hieranum,  Calendula,  Vimdium  Bellts  &c 

As  in  the  case  of  leaves  so  here  there  are  no  special  motile  organs  but  certain 
parts  of  the  corolla  continue  to  grow  for  a  considerable  time  and  are  stimulated  by 
meteoric  influences  to  a  more  rapid  growth  either  of  their  upper  or  their  under 
surface  (or  infernal  and  extemd)  which  eflects  the  opening  or  closing  of  the 
flower  The  region  of  curvature  ustiall)  hes  in  the  ba^al  half  of  jet  Us  but  in  Oxalis 
losea  m  the  upper  htlf  Among  the  Compo'iitEe  with  1  gulate  corollas  there  are 
some  in  which  the  motile  zone  lies  immediate!)  above  the  tube  at  the  base  of  the 
ligulate  i.oxa\\3.  {I tmdium  Btllis  Ca/e?it/ula),  whilst  in  others,  such  as  Taraxoium, 
Ltontodim,  &c ,  the  tube  ifielf  undergoes  curvature ,  in  both  cases  the  centre  of  the 
capitulum  IS  the  centre  of  the  movements  which  take  place  invsards  or  outwards 
along  radu  proceeding  from  it 

All  the  movements  which  are  now  under  coniiideration  agree  in  this  respect, 
that  the  plane  of  curvature  of  the  o  ^an  (leaf  petal  lube)  co  ncides  with  its  median 
plane  which  is  also  the  plane  of  svmmetrv,  since  it  is  the  tv^o  sides  of  the  organ 
wh  ch  are  d  flerenf  thit  is  the  anterior  and  the  posterior  which  produce  the  curva- 
tures in  consequence  of  the  different  way  in  which  they  react  to  the  influence 
exercised  upon  them  b)  v-irution&  of  h^ht  and  of  temperature 

The  following  paragraphs  give  an  account  of  the  mechanism  of  the  movements 
produced  b)  varutions  of  light  and  of  temperature,  taken  from  the  exhaustive 
researches  of  Pfeffer  with  some  addiLions  from  Batalm 

1  The  movements  which  are  now  under  consideration  differ  from  the  periodical 
movements  and  the  movements  due  to  stimulal  on  which  are  manifested  bj  leaves 
possessing  motile  organs,  in  that  tliey  on))  take  place  so  long  as  growth  continues, 
and  that  thej  cea';e  with  it 

2  1  lie)  ire  effected  in  c  nscqueiiLe  of  t  more  vigorous  grovvth  of  the  internal 
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(upper)  surface  of  the  organ  due  to  an  increase,  within  certain  limits,  of  the  tempera- 
ture or  of  the  intensity  of  light ;  when  the  temperature  and  (he  inte'nsity  of  Ught  are 
diminishing  the  growth  of  the  external  surface  is  greater  than  that  of  the  Internal. 
In  the  former  case  the  curvature  is  convex  inwards  (opening),  in  the  latter  it  is 
convex  outwards  (closing ').  This  is  of  course  only  the  case  when  the  diurnal  condi- 
tion of  the  organ  is  the  open  one ;  when  the  contrary  is  the  ca 
influences  affect  the  internal  and  external  surfaces  in  just  the  opposite  way. 

3.  The  curvature  of  the  growing  organs  which  are  sensitive  to  r 
fluences  is  not  effected  like  that  of  fully-developed  motile  organs  by  an  alternating 
expansion  and  contraction  of  the  tissue,  but  by  an  alternating  more  vigorous  growth 
of  one  side  and  then  of  the  other,  so  that  the  organ,  whilst  making  these  move- 
ments, continues  to  increase  in  length.  This  by  no  means  excludes  the  possibility 
of  a  slight  shortening  of  the  concave  side  occurring  temporarily  just  as  in  the  case  of 
growing  tendrils  and  of  geotropically  curved  stems  and  nodes  of  Grasses. 

4.  Many  of  the  organs  now  under  consideration  are  especially  sensitive  to 
changes  of  temperature,  others  to  variations  in  the  intensity  of  light.  Many 
are  affected  by  very  slight  variations,  others  are  less  sensitive,  and  thus  form  a 
connection  with  those  leaves  and  flowers  which  exhibit  no  such  movements.  In 
many  cases  each  variation  of  temperature  or  of  light  has  an  immediate  effect,  in 
Other  cases  the  effect  is  produced  only  after  the  lapse  of  a  considerable  time  since 
the  last  movement. 

5.  From  the  various  differences  mentioned  in  the  preceding  paragraph  it 
becomes  evident  why  certain  flowers  {and  leaves)  open  very  early  in  the  morning, 
and  others  only  later  in  the  day;  and  why  it  is  that  some  are  affected  by  every 
change  of  weather,  whereas  others  complete  their  daily  period  with  great  exactitude. 

If  we  ask,  finally,  what  the  biological  meaning  of  these  phenomena  may  be 
in  the  economy  of  the  plant,  it  is  not  easy  at  present  to  give  any  satisfactory  answer 
in  so  far  as  leaves  are  concerned  ^.  The  opening  and  closing  of  flowers,  however, 
has  an  obvious  connection  with  the  process  of  pollination";  the  flowers  which  are 
open  by  day  are  -visited  by  the  winged  insects  which  effect  pollination,  and  their 
closure  in  the  evening,  or  during  cold  damp  weather  during  the  day,  serves  as 
a  protection  to  the  pollen  in  the  anthers.  Like  many  similar  useful  adaptations, 
these  can  be  readily  explained  on  the  Darwinian  theory,  since  they  depend  upon 
the  further  development  of  properties  which  belong  also  to  allied  plants  but  are  less 
developed  in  them,  and  are  not  accompanied  in  them  by  corresponding  collateral 
arrangements. 

'  In  order  to  be  able  to  apply  the  expressions  '  opening'  and  '  shotting '  to  foliage-leaves  these 
Cleans  may  be  regarded  as  standing  on  a  short  axis  or  even  as  tieing  in  Che  bud, 

'  [Darwin  includes  these  movements  of  leaves,  as  well  as  those  described  in  ihe  next  chapter, 
uoder  the  head  of  nyctiiropic  or  sleep-movements.  The  object  of  the  closing  up  of  tiie  leaves  at 
night  is,  he  believes,  to  diminish  the  radiation  from  them  and  thus  to  prevent  injury  dne  to  an 
excessive  fall  of  their  temperature.  In  addition  to  the  niglitly  sleep  there  is  a  diurnal  sleep  (Para- 
iidiolropism  of  Darwin),  io  which  the  leaves  present  their  margins  to  the  incident  light ;  the  object 
of  this  is  to  protect  their  chlorophyll  from  the  action  of  too  intense  light.  (See  Darwin,  Move- 
ments of  Plants,  p.  445. — Wiesner,  Die  natiirlichen  Einrichtungen  zata  Schutie  des  Chlorophylls, 
Wien  1876.— Slahl,  Ueb.  sogennante  Compass pflanien,  Jena  i83[}.] 

'  [On  the  protection  of  the  pollen  from  the  influence  of  the  weather,  see  Kemer,  Die  Schntz- 
miltel  des  Pollens  gegen  die  Nachtheile  vorzeitiger  Dislocation  und  Befeuchtung,  Innsbrtlck  iSjJ.J 
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(a)  The  most  importaDt  result  of  PfefFer's  researches  is  doubtless  the.  estabUshment 
of  the  fact  that  these  movements  depend  not  upon  alternate  expansion  and  contraction 
of  the  tissue,  as  was  formerly  thought,  but  upon  modifications  of  growth.  We  must 
therefore  distinguish  between  these  movements  and  those  of  special  organs  which  are 
no  longer  growing,  and  we  may  classify  the  former  along  with  heliotropic  and  geotropic 
curvatures  and  with  the  movements  of  tendrils.  It  must  not,  however,  be  forgotten  that 
all  those  external  and  internal  conditions  which  increase  or  diminish  the  turgescence  of 
the  tissues  must  also  accelerate  or  retard  growth ;  hence  it  follows  that  the  same  causes 
which  modify  the  state  of  tension  of  a  fully-developed  organ  may  also  modify  the  growth 
of  organs  which  are  still  growing.  If  this  takes  place  to  a  differing  extent  in  the  two 
sides  of  a  bilateral  organ,  movements  produced  by  growth  will  be  exhibited.  It  might 
be  su^ested  that  all  the  movements  of  curvature  treated  of  in  this  and  in  the  fol- 
lowing chapter  should  be  considered  together.  I  quite  agree  with  this  suggestion  as 
far  as  it  goes,  but  an  account  contained  in  a  text-book  must  possess  clearness  and 
precision,  above  all  things,  in  the  arrangement  of  the  matter  in  hand.  In  the  present 
incomplete  state  of  our  knowledge  of  the  movements  of  curvature,  these  objects  will  be 
best  attained  if  those  movements  which  are  results  of  growth  be  sharply  separated  from' 
those  which  are  independent  of  growth. 

{b)  As  regards  Leaves  the  following  maybe  appended  to  the  account  previously  given. 
In  order  to  demonstrate  that  each  upward  and  downward  movement  of  the  leaves  of 
Cbenopodma  album  is  accompanied  by  an  increase  in  length,  Batalin  Used  a  straw  seven 
or  eight  centimetres  long  as  an  indicator  to  the  base  of  the  lamina  of  a  leaf  attached  to 
a  stem  which  had  ceased  to  grow ;  the  indicator  projected  laterally  from  the  leaf  and  its 
movements  were  recorded  by  a  tracing  made  by  its  free  end  upon  a  surface  of  sooted 
paper.  It  became  apparent  that  the  curves  described  by  the  point  of  the  indicator  cor- 
responding to  each  upward  and  downward  movement  did  not  coincide,  but  formed  a 
zigzag  line  tending  away  from  the  stem. 

According  to  Pfeffer,  the  leaves  of  Impotiens,  Cbenopndiam,  NUotiana,  and  Wigandia 
exhibit,  when  in  continuous  darkness,  a  movement  resembling  that  of  the  ordinary  daily 
period,  but  this  periodic  movement  does  not  continue  for  any  length  of  time.  The 
circumstance  that  the  movement  takes  place,  under  these  conditions,  with  the  same 
intervals  of  time  as  in  the  ordinary  period  when  the  plant  is  exposed  to  the  alterna- 
tion of  day  and  night,  opposes  the  assumption  that  the  movement  is  due  entirely  to 
internal  causes,  that  is,  that  there  is  any  '  independent  periodicity.'  On  the  contrary, 
Pfeffer  is  inclined  to  assume  that  we  have  in  this  an  instance  of  persistent  effect  whereby 
those  movements  are  produced  in  total  darkness  which  had  been  previously  brought 
about  by  the  daily  alternation  of  light  and  darkness.  These  movements,  produced  by 
persistence  of  effect,  are  accompanied  by  the  growth  of  a  particular  side  at  a  particular 
hour.  It  is  not  certain  if,  in  addition  to  this,  spontaneous  nutations  take  place  at  shorter 
intervals  of  time. 

From  Pfeffer's  manuscript  I  take  the  following.  When  motile  leaves  are  placed  in 
the  dark  an  acceleration  of  the  growth  of  both  sides  is  the  result,  just  as  greater 
turgescence  and  tension  of  the  tissues  is  produced  in  the  motile  organs  of  leaves  which 
have  ceased  to  grow  {Mimosa,  Papilionacese). 

A  slight  shortening  of  the  side  which  is  becoming  concave  may  occur,  as  in  the  case 
of  the  geotropic  curvature  of  the  nodes  of  Grasses  and  of  the  curvature  of  stimulated 
tendrils. 

The  property  in  virtue  of  which  the  leaves  respond  by  an  acceleration  of  growth 
to  exposure  to  darkness  is  gained  by  previous  exposure  to  light,  but  quite  indepen- 
dently of  assimilation.  Leaves  of  Impatiens  mlitangtre  make  a  distinct  movement  when 
replaced  in  darkness  after  an  exposure  of  five  minutes  to  light,  and  after  an  exposure  of 
ten  minutes  the  movement  is  well-marked.  Growth  is  accelerated  when  the  plant  is 
replaced  in  darkness  and  takes  place  with  greater  rapidity  than  if  the  plant  had  remained 
continuously  In  the  dark.   The  leaves  of  other  plants  (Sieges bee kia,  Chenapodium)  require  to 
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'be  exposed  to  light  for  3  longer  time  in  order  that  a  movement  may  take  place  when 
they  are  again  in  darkness.  Each  movement  produced  by  darkness  is  followed  by  a  bind 
of  rebound ;  thus  the  downward  curvature  of  the  leaf  of  Impatient  is  followed  by  a  rise. 
The  rise  takes  place  more  quickly  in  the  light. 

The  rigidity  of  the  leaves  of  Impatieru  is  not  materially  affected  by  their  assuming  the 
nocturnal  position, 

A  f  t     p      t         t  3  d  t     tly         1      t  d  th  mpt         f  th    d    m  ] 

p     t        by  th    I  f  /  /F    «7     b  t    t    ee      d  t     h        1  ttl  ff    t    p         th 

t  lly  t       )  {Chen  pod      ) 

{)  Fl  (  )      Pf  ft      m  d     m      IT  m    t    t    IS      t       th    am      t     f  g       th 

dg  tpflrshhprt  tstllt  q 

f   I  ght    ha  g       f  t     p      t       (se      /    )      H    f      d  tl     6  (  d  /        ) 

t    b       p       111    d  pt  d  f     th     p    p  I     tl     fl  w     th  t  t         f  th 

gm    t      t  th    p        th  1  es    b       th      sep      t       f        th    t  b         d  p 

fm  ftht  thf        hg        tfthp         thAprt  fth 

botjra        Igth  p        llypbl       fnt  dp       d         ddwwd 

fmthth        ptygdll>d  h         Blkmkw        mdpth  t 

mtlpt  t         nasm  fas  tTh         a>mts  md 

w  th  g    f)    g  p  f    ghty  d        t  C      d  t  th    m       m  t       >    p 

was  equivalent  to  o'oojG  mra.     The  lollowing  table  may  serve  as  an  illustration ;  — 

Lengths  of  the  marked  portion. 

On  the  external  surface. 

Cloied.  Open. 

214  divisions.  214  divisions. 


On  the  Internal  surface. 


i9''5    .>  ^gd'S    „ 

In  the  closed  position,  the  portion  measured  was  nearly  straight ;  in  the  open  position, 
it  was  concave  outwards,  the  curvature  having  a  radius  of  from  1 5  to  30  mm. 

These  and  other  measurements  made  upon  Tulipa,  Oxalii,  Taraxacum,  Leontodm,  and 
Venidium  show  that  the  side  towards  whi  hthn        mttk       pi  dfe 

perceptible  elongation,  whilst  the  other  sid  i      bly      I    gth 

It  is  possible,  in  the  case  of  Crocus,  tm         thpdmf  d         dt 

determine  that  the  same  movements  are    ft    t  d        b  f  q  f 

tions  of  temperature.      This  took   place  hthpd  tbtid         x. 

removed.      The  negative  tension    and    th        I    t     ty     t   th       pd    m      th      f         pi  y 
but  an  unimportant  part  in  producing  th  t 

The  growth  of  the  motile  zone   is  bj  n         e  t         t     d  1 11      h       th     fl        rs 

are   not   performing   any  movements ;    on   th  t      y     t  t    m  g     I  wl>       d 

uniformly  in  the  two  antagonistic  halves,  and  mb        Lidd  ltd  th 

haif  at  any  time  by  a  variation   of  the   temperature   or   of   the  intensity  of   light:    a 
movement  (curvature)  will  of  course  be  the  result, 

(fl)    The  effect   of  Fariations  of  Temperature   may  become    apparent   at    any  time   in 
many  flowers,  such  as  those  of  Crocus  and  of  Tulipa.      If  they  be  placed  first   in  a  cold 
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and  then  in  a  warm  atmosphere,  it  is  easy  to  observe  that  an  increase  of  temperature 
causes  a  movement  of  opening,  and  a  decrease  a  movement  of  closing.  Pfelfer  succeeded 
"     n  f  g     Cro        fl  p  d    I  ght  t'la      '  day.     The  opening  is  more 

mpl  t      f  th     fl  h  m        d     1      d  f  d      ble   time,  and  -vice  -veria. 

P  rt      1    ly  C  oc      fl  II     p  1  as  few  as  eight  minutes  in 

q  f  t  ttpt  mtgtsC.  :a  variation  of  from 

t  C  w  II  t       th        m      t        Im  warm  or  cold  water  has 

th  n  ff  t  It  p  bl  t  as  t  by  pp  p  t  arrangements,  that  Crocus 
firs  sett  t  fsCFIrsf  Tulips  are  not  so  sensitive, 

but  they  will  react  to  a  variation  of  2°  C.  A  reversed  variation  of  temperature  is  not 
immediately  followed  by  a  reversal  of  the  movement ;  this  continues  for  some  time  before 
it  exhibits  the  effect  of  the  more  recent  stimulus.  The  lower  limit  at  which  variations  of 
temperature  will  still  induce  movements  lies,  for  the  Crocus,  above  8°  C,  according  to 
Pfeffer.  The  flowers  of  Ltontodon  haitilli,  HUracium  t'ulgotam,  Scor%o«era  bispatka,  and 
of  Oxalii  rosea,  open  between  8°  and  10°  C,  whilst  between  1°  and  ;°  C.  they  remain 
closed  in  the  light. 

When  a  certain  maximum  of  temperature  is  exceeded,  a  partial  closure  of  the  flowers 
of  Crocus  and  of  TuUpa  begins,  although  previously  the  opening  had  become  more  com- 
plete with  every  rise  of  temperature.  These  phenomena  are  rendered  intelligible  by 
Sect.  19. 

Pfeffer  mentions,  after  Crocm  and  Tu/ipa,  the  flowers  of  Adanii  vernalh,  Oraiihogalum 
umbellatunt,  and  Cokbicmn  autumnale,  as  being  very  sensitive  to  variations  of  temperature ; 
and  in  a  less  degree  those  of  Ficaria  ranuncuhides,  Jnemone  nemoroia,  and  Malope  trifda, 
all  of  which  perform  movements  at  anytime  of  the  daj  m  consequence  of  lariations 
of  temperature,  the  more  energetically  the  longer  the  period  since  the  last  movement 
This  is  very  evident  in  i^m/iiPii  alba,  Oialu  lesea  and  laldiiiana,  Meiembryantbtmam 
iricalorum  and  echmatum  and  n  all  motile  flowera  ot  LuBipositiE  W  hen  these  have 
closed  in  the  evening  a  rise  of  temperature  from  10°  to  28  C  produces  scarcely 
any  opening;  in  the  morning  on  the  contrary,  a  rise  ot  temperature  causes  them  to 
open  even  in  the  dark 

(■y)  Ihe  action  of  Light  Sudden  obscurity  suffices  to  cause  the  closure  of  open 
flowers.  Evident  closing  was  observed  in  Calendula  officinalis,  Ltontodsn  hastilii  and 
in  Venid'mm  calendulaceum,  when  the  flowers,  which  had  fully  opened  in  diffuse  daylight, 
were  placed  in  darkness  from  eleven  to  twelve  o'clock  in  the  morning  ,  the  temperature 
varied  between  19°  and  20°  C.  In  the  afternoon,  after  longer  eitposure  to  light,  the 
closing  consequent  upon  sudden  obscurity  is  more  marked.  It  appears  also  m  the 
ease  of  CompositEe  and  of  Oxalii,  that  a  sudden  increase  of  the  mten&it)  of  light 
causes  a  more  vigorous  opening  if  the  flowers  have  been  previously  kept  m  darkness 
for  a  considerable  time.  The  motile  organ  reacts  the  more  \igoroush  to  variations 
in  the  intensity  of  light,  as  also  to  variations  of  temperature,  the  longer  the  time  since 
the  occurrence  of  the  last  movement  due  to  a  stimulus  acting  in  the  opposite  direction. 

According  to  Pfeffer,  it  is  only  darkness  which  accelerates  growth  ;  but  a  consi- 
derable time  must  elapse  before  the  acceleration  is  perceptible  in  one  (the  inner)  of 
the  two  antagonistic  masses  of  tissue.  At  the  same  time  this  side  becomes  compressed 
by  the  other. 

It  appears  from  Pfeffer's  manuscript  that  as  in  the  case  of  leaves  so  in  flowers  which 
are  motile  and  which  are  sensitive  to  variations  in  the  intensity  of  light,  a  persistent  effect 
may  be  observed  of  such  a  kind  that  the  daily  periodicity  of  movement  brought  about  by 
the  alternation  of  day  and  night  will  continue  to  be  manifested  for  some  time  in 
continued  darkness.  An  instance  of  this  is  afforded  by  Talpii  barbata.  The  ligulate 
peripheral  flowers  of  Bellis  perennis  curve  outwards  between  seven  and  eight  o'clock  in 
the  morning  in  August  (at  a  window  facing  south),  and  close  between  five  and  six  o'clock 
in  the  evening.  In  obscurity,  the  opening  begins  one  or  two  hours  later,  and  the  closure 
at  night  is  incomplete.     The  flowers  of  Taraxacum  officinale,  Leontodin  hastilis,  and  of 
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Barkbausia  rubra,  placed  in  the  dark  towards  evening  and  allowed  to  remain  there, 
only  half-opened  on  the  following  day,  and  remained  partially  open  during  the  night. 
On  the  second  day  the  movements  were  much  feebler.  These  movements  could  not  be 
attributed  to  variations  of  temperature. 

(3)  The  differing  setisibiUty  of  leaves  to  variations  of  temperature  on  the  one  hand,  and 
to  variations  in  the  intensity  of  light  on  the  other,  is  evident  from  PfetFer's  .statements. 
The  flowers  of  Crocus  and  of  Tulipa  which  are  so  very  sensitive  to  variations  of  tempera- 
ture, close  in  consequence  of  sudden  obscurity,  and  open  when  exposed  to  light,  with 
an  energy  which  is  sufficient  to  overcome  the  counteracting  effect  of  a  temperature- 
stimulus.  Considerable  variations  of  temperature  may  however  reverse  the  opening  or 
closing  effected  by  light  or  darkness.  In  Oxalis,  Nymphaa  a/ba.  Taraxacum,  and 
Lemtodon  bast'ilis,  however,  the  closing  in  the  evening  cannot  be  prevented  by  a  rise  of 
temperature,  and  a  fall  of  temperature  does  not  arrest  the  opening  in  the  morning, 
dk  d  i,thd}tmthymybmdtp 
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mfluences,  tor  we  do  not  fully  understand  the  internal  changes  effected  by  these  stimuli 
nor  the  mutual  relations  of  the  two  antagonistic  tialves  of  the  organ.  It  is  important  to 
discover  whether  a  variation  of  temperature  or  of  light  acts  in  each  case  upon  both  the 
antagonistic  halves  in  contrary  ways,  or  if  one  side  only  is  sensitive  undergoing  changes 
which  affect  the  other  side  indirectly,  as  occurs  in  the  case  of  the  sensitive  motile  organs 
of  Mimose*  and  probably  also  in  the  case  of  twining  tendrils. 

As  a  general  result,  it  is  to  be  remembered  that  each  variation  of  temperature  and 
of  light  acts  the  more  energetically  as  a  stimulus  the  longer  (within  certain  limits)  the 
time  which  has  elapsed  since  the  action  of  the  last  stimulus  in  the  contrary  direction. 
The  matter  may  be  put  thus:  a  difference,  which  disappears  at  a  later  period,  is  pro- 
duced between  the  upper  and  the  lower  side  of  a  growing  organ  by  each  stimulus  due  to 
temperature  or  to  light ;  (he  more  nearly  this  difference  has  disappeared  the  more  easy 
it  is  for  a  fi'esh  stimulus  to  produce  an  effect,  that  is  to  produce  again  a  difference 
between  the  upper  and  the  lower  surface,  or,  in  other  words,  to  cau; 
a  curvature. 
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CHAPTER   V. 

PERIODIC  MOVEMENTS  OF  THE  MATURE  PARTS 
OF  PLANTS  AND  MOVEMENTS  DEPENDENT 
ON    IRRITATION. 


Sect.  27. — Introduction'.  The  greater  number  of  the  movements  which  are 
brought  into  play  during  growth — as  the  curvatures  caused  by  heliotropism  or  geo- 
tropism  or  by  the  pressure  of  supports  on  tendrils  and  climbing  plants — produce 
new  permanent  conditions,  since  it  is  growth  that  is  modified.  It  is  only  when  the 
action  has  been  a  very  transitory  one  that  heliotropic  or  geotropic  curvature  or  that 
of  tendrils  due  to  irritability  can  again  be  effaced  by  further  growth.  During  these 
processes  the  organ  is  advancing  towards  maturity ;  the  changes  which  have  not 
been  effaced  are  therefore,  as  it  were,  stereotyped. 

The  case  is  quite  different  with  the  changes  now  to  be  described.  They  take 
place  in  organs  whose  growth  is  completed,  but  whose  structure  allows  the  tissues 
to  assume  different  conditions  which  alternate  under  the  influence  of  external  or 
internal  causies. 

In  those  movements  which  occur  during  growth  the  tension  of  the  tissue  is 
concerned  only  so  far  as  any  change  in  it  reacts  on  growth  and  modifies  it.  Periodic 
movements  and  those  due  to  irritation,  on  the  contrary,  depend  entirely  on  changes 
in  the  tension  of  the  tissues,  which,  in  this  case,  are  fully  developed  only  when  the 
organ  has  attained  maturity.  These  alterations  of  the  tension  of  the  tissues  do  not 
however  induce  new  permanent  conditions,  but  can  be  effaced ;  every  change  is 
again  reversed  by  interna!  forces,  and  the  previous  condition  restored  so  long  as 
there  has  been  no  structural  injury. 

Various  objections  might  be  raised  to  the  distinction  drawn  between  the  move- 
ments exhibited  by  growing  organs  and  those  performed  by  organs  which  have 
ceased  to  grow.  It  might  be  argued  that  motile  organs  begin  to  be  irritable  and  to 
perform  movements  whilst  they  are  still  growing.  In  reply  to  this  it  may  be  urged 
that  the  motility  persists  after  growth  has  ceased,  and  that  it  is  only  then  that  it  is 
fully  developed,  whereas  the  motility  of  the  organs  considered  in  the  previous  chapter 
ceases  with  growth.  A  possible  objection  is  that  the  motile  organs  under  consider- 
ation have  not  ceased  to  grow,  as  a  matter  of  fact,  at  the  time  when  they  are 
especially  irritable  and  in  periodic  movement,  for  they  are  capable,  when  in  this 

1873;   id,.  Die  peiiodiscfieti  Bewegungen  der  Bktt- 
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condilion,  of  curving  geo tropically  and  helio tropically .  I  observed  both  these  sets 
of  phenomena,  for  example,  in  the  motile  organs  of  Phaseolus,  and  in  the  irritable 
filaments  of  the  Cynares.  These  heliotropic  and  geotropic  curvatures  are  necessarily 
accompanied  by  growth.  To  meet  this  it  may  be  pointed  out,  (i)  that  the  periodic 
movements  and  the  movements  due  to  irritation  which  we  are  now  considering  are 
not  dependent  upon  growth  but  upon  an  alternate  contraction  and  dilatation  of  the 
cells;  (2)  that  there  are  other  organs  which  are  also  capable  of  renewed  growth 
under  abnormal  conditions  after  their  growth  under  normal  conditions  has  ceased. 
We  found  this  to  occur  in  the  nodes  of  Grasses.  When  these  have  ceased  to  grow 
in  the  erect  position,  they  exhibit  sharp  geotropic  curvatures  due  to  a  vigorous 
growth  of  the  lower  surface  when  they  are  placed  horizontally.  The  periodically 
motile  and  irritable  organs  evidently  possess  the  same  property.  They  are  not  only 
irritable  and  periodically  motile  after  their  growth  under  normal  conditions  has 
ceased,  but  they  are  capable  of  renewed  growth  under  abnormal  conditions.  The 
conditions  are  abnormal  when  light  falls  upon  these  organs  from  one  side  only,  or 
when  they  are  placed  in  an  unusual  position  which  is  more  or  less  nearly  horizontal ; 
then  heliotropism  and  geotropism  are  brought  into  play. 

Now  that  sufficient  stress  has'  been  laid  upon  the  distinction  between  organs 
which  are  motile  while  growing  and  organs  which  are  motile  after  they  have  ceased 
to  grow,  the  points  of  resemblance  of  the  two  may  be  considered.  The  first  of 
these  is  the  fact  that  for  each  kind  of  movement  which  is  exhibited  by  the  special 
motile  organs,  a  corresponding  kind  may  be  observed  in  growing  organs.  Thus, 
the  spontaneous  periodic  movements  of  the  former  correspond  to  the  spontaneous 
nutations  of  growing  stems  lta\es  tendrils  and  flowers  The  variations  of  tempe 
rature  and  of  the  intensity  of  light  which  act  as  stimuli  upon  the  former  ty  increas 
ing  or  diminishmg  the  turgescence  of  the  tissues  also  affect  manj  growing  leaies 
and  cause  flowers  to  open  or  shut  by  accelerating  the  growth  of  one  side  or  the 
other.  The  motile  organs  of  M  mose'e  Oxalidese  and  Cynarca;  which  ire  sensitive 
to  contact,  correspond  to  the  growing  tendnls  and  roots  which  are  sensitive  to 
pressure. 

This  comparison  tends  to  show  that  the  causes  which  induce  contraction  and 
dilatation  of  the  cells  of  motde  organs  b)  modifying  their  turgid  ty  maj  ilso  retard 
or  accelerate  the  t,rowth  of  growing  organs  The  deeply  seUed  connection  be 
tween  these  phenomena  will  become  evident  if  what  was  said  in  Sect  14  as  to  the 
causes  of  growth  be  compared  with  the  following  account  of  the  causes  of  the 
periodic  movements  and  of  those  due  to  stimulation.  According  to  my  theory,  the 
hydrostatic  pressure  which  the  cell-sap  exercises,  in  consequence  of  its  increase  in 
quantity  by  endosmosis,  upon  the  extensible  cell-wall,  is  an  essential  condition  of  the 
growth  of  the  cell ;  fresh  solid  matter  is  deposited  between  the  micellse  of  the 
stretched  cell-wall,  it  therefore  grows,  and  thus  growth  is  a  perpetual  over-stepping 
of  the  limit  of  elasticity  of  the  stretched  cell-wall.  Everything  which  increases  the 
turgescence  of  the  cell  promotes  its  growth,  everything  which  diminishes  the  tur- 
gescence is  prejudicial  to  its  growth.  If  these  effects  are  produced  in  different 
degrees  upon  the  two  sides  of  a  growing  organ,  corresponding  curvatures  will  be 
produced.  If  these  effects  are  produced  in  a  mass  of  tissue  the  cell-walls  of  which 
have  ceased  to  grow  but  are  very  extensible  and  very  perfectly  elastic,  : 
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tunpdity  will  cause  an  expansion,  a  diminution  of  turgidity  will  cause  a  contraction 
of  the  mass  of  cells,  and  these  changes  in  volume  will  be  accompanied  by  corre- 
sponding curvatures  of  the  organ.  The  conditions  which  modify  the  turgescence  of 
growing  cells  may  be  identical  with  those  which  modify  the  turgidity  of  cells  which 
have  completed  their  growth ;  in  the  former  case  every  variation  of  turgescence 
involves  an  alteration  of  the  volume  of  the  cell  which  is  made  permanent  by  growth, 
in  the  latter  case  the  alteration  of  volume  is  only  temporary,  and  can  be  effaced  by  a 
variation  of  the  turgidity  in  the  opposite  direction.  From  these  considerations  it 
becomes  apparent  that  the  study  of  the  phenomena  of  movement  will  contribute  to 
the  development  of  a  mechanical  theory  of  growth,  and  vice  versa. 

Sect.  z8.  Review  of  the  phenomena  connected  with  periodicaUy 
motile  and  irritable  parts  of  plants.  It  is  remarkable  that  all  organs  at  pre- 
sent known  as  coming  under  this  category  are,  in  a  morphological  sense,  foliar 
structures,  as  green  foiiage-Ieaves,  petals,  stamens,  or  occasionally  parts  of  the  carpels 
(styles  or  stigmas).  It  is  the  more  striking  that  no  axial  structures  or  parts  of  stems 
are  contractile  in  this  sense,  because  the  contractile  parts  of  leaves  are  usually  cylin- 
drical, or  at  least  are  not  expaxided  flat,  and  therefore  possess  the  ordinary  form  of  an 
axis.  There  is  this  further  agreement  in  the  anatomical  structure  of  ali  parts  which 
exhibit  these  phenomena; — that  a  very  succulent  mass  of  parenchyma  envelopes 
an  axial  fibro- vascular  bundle  or  a  few  bundles  running  parallel  to  one  another; 
the  elements  composing  these  bundles  being  only  slightly  or  not  at  all  iignified,  and 
therefore  remaining  extensible  and  flexible,  a  fact  of  importance  in  reference  to 
the  possibility  of  the  movement,  which  consists  of  flexions  upwards  and  downwards, 
generally  in  the  median  plane  of  the  organ,  the  fibro-vascular  bundle  thus  forming 
the  neutral  axis  of  the  curvature'.  The  mass  of  parenchyma  which  envelopes  the 
fibro-vascular  bundle  often  has  ihe  form  of  a  pulvinus,  and  does  not  contain  in  its 
outer  layers  any  air-conducting  intercellular  spaces,  or  only  very  small  ones,  while  in 
the  inner  layers  they  are  larger,  especially  in  the  immediate  vicinity  of  the  bundle ; 
these  being,  according  to  Morren,  Unger,  and  Pfeffer,  wanting  only  in  the  irritable 
stamens  of  Berheris  and  Mahonia.  The  tension  of  these  layers  of  tissue  which  is 
generally  very  considerable,  is  caused  by  the  stronger  turgidity  of  the  parenchy- 
matous cells  on  the  one  hand  and  the  elasticity  of  the  axial  bundle  and  epidermis  on 
the  other  hand.  As  far  as  observations  go  at  present,  especially  those  made  on  the 
larger  contractile  organs,  the  tendency  to  extension  is  greatest  in  the  middle  layers 
of  the  parenchyma  between  the  epidermis  and  the  axial  bundle,  but  the  elastic 
resistance  of  the  epidermis  is  less  than  that  of  the  bundle. 

If  we  now  consider  the  nature  of  the  movements  in  reference  to  the  causes  which 
directly  operate  to  produce  them,  we  may,  in  the  present  state  of  our  knowledge, 
distinguish  between  three  different  kinds,  m%. 

(i)  Those  periodic  movemenls  which  are  produced  entirely  by  internal  causes, 
without  the  cooperation  of  any  considerable  external  impulse  of  any  kind.  Such 
movements  may  be  termed  automatic  or  spontaneous. 

(2)  Spontaneously  motile  foliage-leaves  are  also  sensitive  to  the  influence  of  light, 
in  such  a  way  that  within  certain  limits  any  increase  in  the  intensity  of  the  light 
•  This  is  also  true  for  Dimaa  if  the  motile  parts  and  not  the  whole  leaf  be  considered. 
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causes  such  a  curvature  of  the  contractile  organs  as  to  place  the  leaves  in  an  ex- 
panded and  completely  unfolded  position  ;  while  any  decrease  in  the  intensity  of  the 
light  produces  the  opposite  curvature,  causing  the  leaves  to  fold  up.  The  expanded 
position  is  called  that  of  waking  or  lAe  diurnal  position,  the  opposite  one  that  of  sleep 
or  the  nocturnal  position.  In  consequence  of  this  sensitiveness  to  fluctuations  in  the 
light,  these  organs  make  periodic  movemenfs  depending  on  the  alternation  of  day  and 
night,  which,  being  induced  by  external  causes,  must  be  clearly  distinguished  from 
the  automatic  or  those  brought  about  by  internal  causes ;  and  the  more  so  because 
both  kinds  usually  occur  in  the  same  organ,  and  are  combined  in  various  ways'. 
In  their  sensitiveness  to  variations  in  the  intensity  of  light  these  fully-developed 
organs  resemble  the  growing  organs  referred  to  in  Sect,  26.  It  has  not  yet 
been  determined  if  any  such  parallelism  exists  with  reference  to  variations  of 
temperature. 

(3)  In  a  smaller  number  of  instances  periodically  motile  foliage-leaves,  as  well 
as  some  reproductive  organs  which  do  not  exhibit  periodical  movements,  are  irritable 
to  touch  or  concussion.  If  a  particular  spot  of  the  organ  is  only  lightly  touched  or 
subjected  to  a  slight  rubbing  from  a  solid  body,  the  side  which  is  touched  becomes 
concave  or  contracts.  The  same  effect  is  produced  if  a  stronger  impulse  acts  on 
any  other  part  of  the  irritable  organ,  which  then  excites  the  irritable  part.  If  the 
motile  part  has  curved  in  consequence  of  the  mechanical  irritation,  it  afterwards  re- 
sumes its  previous  position,  and  is  then  again  irritable. 

The  biological  significance  of  these  various  forms  of  movement  in  the  economy 
of  the  plant  is  known  only  in  a  few  instances,  as  in  the  case  of  irritable  stamens, 
where  the  insects  that  visit  the  flowers  cause  the  irritation  and  consequent  alteration 
in  the  position  of  the  stamens,  these  movements  being  serviceable  for  the  conveyance 
of  the  pollen  either  to  the  stigma  of  the  same  flower  (as  in  Berberu^)  or  to  those  of 
other  flowers  (as  in  CynaraceEe).  We  have  no  knowledge,  on  the  other  hand,  of  any 
purpose  in  the  economy  of  the  plant  served  by  the  periodic  and  irritable  move- 
ments of  foliage-leaves'. 

(1)  The  ipontaneoui  periodic  mo-vement  is  seen  most  conspicuously  in  the  few  cases  in 
which  the  period  extends  only  over  a  few  minutes,  and  the  oscillation  of  the  organ  takes 
place  by  day  and  night  under  a  sufficiently  high  temperature,  as  in  the  small  lateral 
leaflets  of  the  trifoliolate  leaf  of  Desmodium  gyram  (the  Indian  '  Telegraph- Plant '),  and 
the  labellum  of  the  flowers  of  Megaclmium  falcaium  (an  African  Orchid).  The  lateral 
leaflets  of  jDfjmoiA'H™  ^ranj' are  attached  to  the  common  petiole  by  slender  pet iolules 
4  to  5  mm.  in  length,  the  petiolules  being  the  oi^ans  by  the  movements  of  which  the 
leaflets  arfe  carried  round,  their  apices  describing  nearly  a  circle.  One  revolution  takes, 
when  the  temperature  is  above  23°  C,  from  2  to  5  minutes;  the  motion  is  often  irregular, 

'  TTiis  distinction,  partly  founded  on  facts  that  have  long  been  known,  is  very  necessary  for 
a  clear  insight  into  the  phenomena,  and  was  first  brought  forward  by  me  in  the  treatise  on  the 
various  imniobile  conditions  of  the  periodically  motile  and  irritable  parts  of  plants  ('Flora,'  1863). 

'  [H.  Miiller  (Befnichtung  der  Blumen  durch  Iiisekten,  Leipzig  1873)  has  shown  that  the 
irritability  of  the  stamens  of  Berberis  is  a  contrivance  for  eross-ferlilisation  rather  than  for  self- 
fertilisation.] 

'  [See  note  2  oQ  page  873.] 

•  For  further  illustrations  see  Meyen,  Neues  System  der  Pflanzen -Physiologic,  1S39,  vol.  IIL 
P-  SS3-  [The  first  account  of  Desmodium  gyraas,  based  on  Lady  Morison's  observations,  is  by 
Bronssonet,  M^m.  Acad,  de  Paris,  i  J84,  p.  6j6.] 
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sometimes  interrupted,  and  then  recommencing  suddenly  in  jerks.  The  labellum  of 
Megaclinium  falcalum '  narrows  below  into  a  ciaw  traversed  by  tbree  slender  fibro-- 
vascular  bundles,  tbe  curving  of  this  portion  imparting  to  the  labellum  a  swinging  motion 
up  and  down.  In  a  much  larger  number  of  other  foliage-leaves  endowed  with  periodic 
motion  the  spontaneous  periodicity  is  almost  entirely  concealed  by  the  contractile  parts 
being  also  very  sensitive  to  light,  so  that  a  cursory  observation  detects  only  the  daily 
period,  or  the  different  positions  by  day  and  night.  If  however  these  plants,  or  even 
cut  branches  placed  in  water,  remain  for  some  days  in  the  dark  or  in  artificial  light 
of  unvarying  intensity,  it  is  seen  that  the  periodic  movements  do  not  cease,  but  continue 
when  the  temperature  also  is  constant,  i.  e,  independently  of  any  irritation  resulting 
from  change  of  temperature.  Under  these  circumstances  the  leaves  are  in  a  constant 
slow  motion,  indicated  by  the  varying  positions  at  short  intervals  (as  e.g.  in  Mimosa, 
Aracia  lophaatha,  Trifolivm  mcarnatum  and  pratetue,  Pbaseolus,  various  species  of  Oxalii, 
as  O.  Acetosella,  &c.^).  After  a  certain  time  these  movements  cease.  The  behaviour  of 
the  lateral  leaflets  of  Dejmodiuin  gyram  and  of  the  labellum  of  Megaclinium  fakatum 
on  the  one  hand,  and  that  of  leaves  which  assume  different  positions  by  day  and  b  y  night 
on  the  other  hand,  otFer  a  contrast  in  the  following  respect;  in  the  former  the  intem,al 
periodic  causes  of  the  movement  are  stronger  than  the  irritation  of  the  light  to  which 
tliey  may  happen  to  be  exposed,  while  in  the  latter  these  internal  causes  are  outweighed 
by  the  irritation  caused  by  the  varying  amount  of  light  under  ordinary  conditions,  so  that 
only  the  daily  periodicity  induced  by  the  alternation  of  day  and  night  is  apparent.  To  this 
last  category  belong  the  movements  of  the  compound  leaves  of  Leguminosse,  of  many 
species  of  Qxalii,  and  of  Manitia.  In  the  Leguminosac  the  common  petiole  is  often 
attached  to  the  stem  by  a  larger  contractile  organ  or  ' pulvinui ;'  and  in  all  the  cases 
just  named  the  i>etiolule  of  each  leaflet  possesses  a  similar  organ.  If,  as  in  the  bipinnate 
leaves  of  Mimosa,  there  are  secondary  common  petioles,  these  are  also  attached  to  the 
primary  petiole  by  contractile  organs.  These  organs  always  consist  of  an  axial  fibro- 
vascular  bundle  surrounded  by  a  thick  layer  of  turgid  parenchyma.  The  other  parts 
of  the  leaves,  the  petiole  as  well  as  the  lamina,  are  not  spontaneously  contractile,  but 
the  alterations  iu  their  poation  are  caused  by  the  curvatures  of  the  organs  at  their  base. 
The  movement  is  either  a  curving  upwards  and  downwards,  as  in  Phaieolus,  TrifoUum, 
Oxalii,  and  the  common  petioles  of  Mimosa,  or  is  directed  from  behind  and  below  in  a 
forward  and  upward  direction,  as  in  the  leaflets  of  Mimosa. 

(2)  Sensitiveness  to  variations  in  the  intensity  of  light  is  exhibited  with  peculiar 
distinctness  in  the  leaves  of  Leguminosx  and  Oxalide^  and  of  Marsilia,  and  the  conse- 
quent movements  are  effected  by  the  organs  which  also  produce  the  spontaneous  periodic 
movements'.  These  organs  occur  also  in  the  leaves  of  many  other  plants,  as  Gannacese 
and  MarattiacesE,  but  their  irritability  has  not  as  yet  been  investigated. 

In  the  diurnal  position  produced  by  increasing  intensity  of  light  the  leaves  generally 
have  their  surfaces  completely  unfolded  and  expanded  flat ;  in  the  nocturnal  position 
they  are  on  the  contrary  folded  up  in  different  ways,  being  turned  upwards,  downwards, 
or  sideways.  The  leaflets  of  Lotus,  Trifolium,  Vicia,  and  Latbyrus  are,  for  example, 
folded  upwards  at  night,  those  of  Lupinus,  Robinia,  Glycj/rrhis^,  Glycine,  Pbaseolus,  and 
Oxalit  downwards ;  the  common  petiole  of  Mimosa  turns  downwards  at  night,  that 
of  Phaieolus  becomes  erect ;  the  leaflets  of  Mimosa  and  lamarindus  indica*  turn  laterally 
forwards  and  upwards  in  tbe  dark,  those  of  Tepbrosia  carlbma  backwards.  When  the 
petiole  and  other  parts  of  the  same  leaf  iire  contractile,  the  curvatures  of  the  various 
motile  parts  may  differ ;  thus,  for  example,  the  petiole  of  Pbaseolus  turns  upwards  in  the 
evening,  while  the  leaflets  turn  downwards ;  the  petiole  of  Mimosa  on  the  other  hand 

■  C.  Morten,  Ann.  des  sci.  nat.  1843,  2nd  series,  vol.  XIX.  p.91. 

'  For  further  proof  see  Sachs,  Flora,  1863,  p.  468,  wrhere  tlie  literature  of  the  subject  is  quoted. 

*  [See  Somnus  Plantarum,  P.  Bremer,  Linn.  AonEn.  Acad.  iv.  p.  333.] 

'  See  Meyen,  Neues  System  der  Pflanzen-Physiolope,  vol.  III.  p.  4J6. 
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turns  downwards  wliiie  the  leaflets  turn  forwards  and  upwards,  till  they  partiall)'  cover 
one  another  in  an  imbricate  manner.  The  folding-up  of  a  leaf  in  the  diurnal  position 
when  suddenly  placed  in  darkness  is  the  more  energetic  the  longer  the  period  of  illu- 
mination has  been,  and  inversely.  If  a  plant  which  has  been  exposed  to  alternations  of 
day  and  night  be  kept  in  darkness  for  a  considerable  time,  the  daily  periodicity  may 
continue  for  a  time,  according  to  Pfeffer,  as  a  persistent  effect,  and  then  the  more  rapid 
spontaneous  movements  make  their  appearance.  In  cases  in  which  they  lake  place 
with  considerable  force  (OxaJli,  Trifalium)  this  persistent  effect  is  not  exhibited.  In 
general  the  sensitiveness  to  the  action  of  light  is  very  diiFerent  in  different  species, 

(3)  Many  leaves  endowed  with  periodic  motility  or  sensitiveness  to  light  are  also 
irritable  to  contact  and  concussion  ^,  as  those  of  Oxalis  Acetojella,  stricta,  comkulata,  purpurea, 
carnoja,  and  D^pe'i  ^  Robinia  pseud- Acacia ',  various  species  of  Mimosa,  as  leniitiiia,  pros- 
trata,  casta,  "viva,  aiperata,  quadri-val-vis,  dormicns,  pernambucina,  pigra,  humilis,  and  pellita, 
jEscbinomens  Jeaiiliva,  indica,  and  pumila,  Smilbia  jeasiliva,  Desmantbus  itolonifer,  triqOe- 
trus,  and  lacuilris.  In  the  greater  number  of  these  plants  a  rather  violent  or  often 
Repeated  concussion  is  requisite  to  set  the  parts  in  motion,  which  then  always  assume 
the  position  of  sleep ;  in  other  words,  mechanical  stimulation  acts  in  the  same  way  as  a 
diminution  of  light.  The  sensitiveness  is  greater  in  Oxalis  {Biopbflum)  lensitiva  and 
Mimosa  pudica,  where  a  very  slight  concussion  or  simple  contact  on  the  contractile 
oi^an  suffices  to  cause  immediate  and  considerable  motion,  which  is  due,  when 
the  plant  is  highly  irritable,  to  conduction  of  the  stimulus  to  the  parts  not  touched. 
Although  the  position  assumed  in  consequence  of  contact  or  concussion  resembles  the 
nocturnal  position,  yet  it  differs  from  it  in  its  conditions;  the  former  is  accompanied  by 
flaccidity  of  the  contractile  organ,  the  latter  by  increased  turgidity. 

Among  irritable  stamens  may  be  enumerated  the  various  species  of  Berberis^  i^-S- 
•vulgaris,  emarg'mata,  cretica,  and  cristata),  and  of  the  sub-genus  Mahenia.  in  contact 
with  the  corolla  when  at  rest,  they  curve  concavely  inwards  when  the  base  of  the  inner 
Mde  of  the  filament  is  lightly  touched,  so  that  the  anther  comes  into  contact  with  the 

There  is  a  greater  diversity  in  the  phenomena  produced  by  a  slight  blow  or  friction 
on  any  part  of  the  filaments  of  various  Cynaracese  (as  Centaurea,  Onopordon,  Cnicus, 
Carduiis,  and  Cynara)  and  Cichoriacese  (as  Cicbarium  and  Hieracium).  The  filaments 
which  spring  from  the  tube  of  the  corolla  bear  the  five  firmly  attached  (not  coherent) 
anthere,  which  together  form  a  tube  through  which  the  style  grows  up  while  the  pollen 
is  escaping.  At  this  time  the  filaments  are  irritable;  when  at  rest  they  are  curved  con- 
cavely outwards  as  far  as  the  width  of  the  corolla-tube  will  permit ;  on  contact  or 
concussion  they  contract,  become  straight,  and  hence  come  into  close  contact  along 
their  whole  length  with  the  style  which  they  enclose,  lengthening  again  after  some 
minutes  and  resuming  their  curved  form.  Since  each  separate  filament  is  independently 
irritable,  touching  a  single  filament  or  a  blow  on  one  side  only  of  the  capitulum  wiiJ  irri- 
tate, according  to  circumstances,  only  one  two  or  three  of  the  filaments  and  by  the 
contraction  of  one  side  the  whole  of  the      pdt  g  libbtt    one  side. 

By  the  displacement  connected  with  this  o    th     p    ss  f  tl        th      fil  m     ts  on  the 

corolla  they  are  also  irritated,  and  thus  ar  gul  U  t    g      t      t  ng  motion 

of  the  reproductive  organs  of  the  flower.  If  th  hi  pt  lui  h  k  or  if  the 
hand  is  passed  over  the  surface  of  the  flo\  th     fl  bl  w      nt  creeping ' 

motion  ensues  of  all  the  flowers  in  the  cap  t  1  m      Tl      ph       m  n  only  while 

the  style  is  growing  through  the  anther-t  b        d  th    p  11  b  mpti  d  into  the 

tube ;  the  motion  of  the  filaments  effected  bj  t  th        th      t  b    t    be  drawn 

'  [Movements  may  also  be  caused  by  chemic  1      m  1     se   D  I    eo  us  Plants,  iS^j.] 

"  From  linger,  Anatomie  und  Physiologic  de    Pil  oz  853  p  4  7 

'  Mohl,  Flora,  1831,  vol.  II.  No.  31,  and  hb  \     m     ht   S  hnit 
'  Goeppert,  Linneea,  1828,  vol.  III.  p.  134  «  eq 
3   I.    3 
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downwards  and  a  portion  of  the  pollen  thus  to  escape  above  it,  which  is  then  carried  away 
by  insects  to  other  flowers  and  capitula  where  the  stigmas  are  already  unfolded'. 

Among  irritable  female  reproductive  organs  are  the  lobes  of  the  stigmas  of  Mimului, 
Marlyma  G  Idfmsm  aniiophylla  &c  which  close  when  their  inner  sHe  is  touched 
evidentlj  in  order  to  retain  the  pollen  brought  to  them  by  nsects  More  stnkmg  are 
the  movements  which  follow  a  light  touch  on  the  gynostenimm  <f  St}lilmm  a  genus 
almost  peculiar  to  Australia  {f  g  S  adnatum  and  gramimfolium)  The  cylindrical 
gyno';temnm  nhieh  bears  the  st  gnia  and  close  beside  it  two  anthers  is  when  at  rest 
turned  sharply  downwards  irritation  causes  a  sudden  eleiation  and  even  reversal  to 
the  other  side  of  the  flower 

A  more  detailed  description  of  these  and  other  cuntractile  organs  « ill  be  found  in 
Morren  s  treatise  named  below 

(4)  Mobile  md  1  nmoiiU  condiUon  oj  tif  tnolile  parii  of  phitts^  The  parts  of  plaits 
endowed  with  periodic  motion  and  irrtability  may  present  alternately  two  different 
conditions  accord  ng  to  the  external  influences  to  which  the  plants  are  subjected 
Their  properties  m%y  be  suspended  for  a  shorter  or  longer  time  and  mav  give  phee 
to  a  condition  of  immobility  which  again  dsappears  if  the  external  nfiuences  are 
favourable  provided  the  organ  is  not  in  the  meantime  killed  This  immobile  condition 
diffei-s  from  that  taused  by  death  m  the  fact  that  it  is  transitory  and  that  the  internal 
changes  which  cause  it  are  reparable 

The  following  particulars  are  taken  from  the  detailed  illustrations  in  my  work  already 
quoted. 

(i)  Tranjitory  rigidity  from  cold  occurs  in  the  leaves  of  Mimoja  pudica  when  the 
influences  are  otherwise  favourable  if  the  temperature  of  the  surrounding  air  remains 
for  some  hours  below  15"  C;  the  lower  the  temperature  falls  below  this  point,  the 
more  quickly  does  the  rigidity  set  in;  the  irritability  to  touch  and  concussion  disappears 
first,  then  that  to  the  action  of  light,  and  finally  also  the  spontaneous  periodic  movement. 
The  lateral  leaflets  of  Dcimodium  gyrans  are,  according  to  Kabsch,  imraotile  when  the 
temperature  of  the  air  is  below  22°  C. 

(z)  7raiuitory  rigidity  from  heat  occurs  in  Mimoja  within  an  hour  in  damp  air  at 
40°  C,  within  half  an  hour  in  air  at  45°  C,  in  a  few  minutes  in  air  at  49°  to  50°  C, ;  the 
sensitiveness  returns  after  exposure  for  some  hours  to  air  at  a  favourable  temperature. 
In  water  the  rigidity  from  cold  of  Mimosa  sets  in  at  a  higher  temperature,  -vi^.  in  a 
quarter  of  an  hour  between  16°  and  17°  C,  and  the  rigidity  from  heat  at  a  lower 
temperature  than  in  air,  -visi.  in  a  quarter  of  an  hour  between  36°  and  40°  C  During 
the  rigidity  from  heat,  whether  in  air  or  water,  the  leaflets  are  closed,  as  after  irritation, 
but  the  petiole  is  erect,  while  when  irritated  it  is  directed  downwards. 

•  These  phenomena  were  discovered  as  long  ago  as  1764  by  Count  Batlista  dal  Covolo,  and 
are  well  described  by  Kolreuter  in  his  preliminary  Nachrichten  von  einigen  das  Geschlecht  der 
Pflanien  betreffenden  Versuchen;  3rd  Appendix,  1766,  pp.  125,  126. 

'  C.  Morren,  On  S^lidium,  Mem.  de  I'Acad.  roy.  des  sci.  de  Bruxelles,  1836 ;  on  Galdfiasia, 
ditto,  1839;  on  Sparmanaia  ofiicana,  ditto,  184I  ;  on  Megaclinium,  ditto,  1862.  Also  on  Oxalis, 
Bull,  de  I'Acad.  roy,  deS  sci.  de  Broxelles,  vol.  II.  No.  7  ;  on  Cereus,  ditto,  vols.  V  and  VI,  [On  the 
irritability  of  the  St  m  i Rul     see  C    1  t   C  mp        d    A  gust  2-   1873   and  May  J8  1S74  ■ 

Heckel  in  Comp.  rend    Jiy6740«p  C  AH  t      h  stHkl 

Comp,  rend.,  March     3       d  Ap   1  6      d  874  ] 

'  Sachs,  Die      rube  ghd&t  taidp     od     hbwglh      und         bar      Pflanz 

Oigane,  Flora,   1863    ^         9         eg— D  t      h  t    M         p  1    I    P  5       — ^-  h=ch    Bot 

Zeit.  1862,  p.  342  e     eq 

'  A  plant  ofM  mmrsd  1        f&mgt  C        mns  sens  ti       t       mp     t 

and  light  for  eightee      h     rt,  m  Bert  me  t  (R    1       h  I     m         m     t    d      1 

sensitive,  Paris  1867   p)thi«  m  tblpl4  fC  tffi 

ciently  coniitmed.  and         jpsedtlllt         k  Itth        p  1  ftpt 
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(j)  Traniitary  rigidily  from  darknesi.  If  plants  whose  leaves  are  periodically  motile 
and  irritable  to  light  and  condission,  as  Mimosa,  Acacia,  Trifotium,  Phaieolus,  and  OxaUi, 
are  placed  in  the  dark,  the  spontaneous  periodic  movements  take  place  without  the 
changes  in  position  caused  by  the  action  of  light,  and  therefore  all  the  more  clearly, 
and  the  irritability  to  touch  is  also  not  at  first  injured.  But  this  motile  condition 
disappears  completely  when  the  darkness  lasts  for  one  day  or  more.  If  3  plant  ren- 
dered rigid  by  exposure  to  darkness  is  again  placed  in  the  light,  the  motile  condition  is 
not  restored  for  some  hours  or  even  for  some  days. 

Perfect  darkness  is  however  by  no  means  necessary  in  order  to  produce  rigidity.  It 
may  be  brought  about  by  placing  a  plant  that  is  very  dependent  on  light,  like  Mimosa, 
for  some  days  in  a  deficient  light,  as  in  an  ordinary  dwelling-room,  at  some  distance  from 
the  window. 

In  contrast  to  the  rigidity  caused  by  darkness,  I  have  applied  the  term  Photolonui  to  the 
normal  motile  condition  resulting  from  the  alternation  of  day  and  night.  A  plant  in  this 
condition,  if  placed  in  the  dark,  will,  as  we  have  seen,  remain  for  some  time  (hours  or  even 
days)  in  a  state  of  phototonus,  which  then  disappears  gradually;  the  plant  is  therefore, 
under  normal  conditions,  in  a  state  of  phototonas  even  during  the  night.  In  the  same 
manner  a  plant  which  has  become  rigid  in  continued  darkness  retains  its  rigidity  for  some 
time  (hours  or  even  days)  after  being  exposed  to  light.  The  two  conditions  therefore 
pass  over  into  one  another  only  slowly. 

In  the  case  also  of  rigidity  caused  by  darkness,  the  irritability  of  Mimosa  to  con- 
cussion disappears  first,  and  then  the  spontaneous  periodic  motion.  In  the  same  manner 
a  plant  which  has  thus  become  rigid  reassumes  first  of  all  its  periodic  movement,  then*its 
irritability. 

The  position  of  the  various  parts  of  the  leaves  of  Mimosa  when  in  a  state  of  rigidity 
caused  by  darkness  is  different  from  that  caused  by  darkness  in  phototonic  plants,  and 
also  different  from  that  produced  by  rigidity  due  to  heat.  In  the  first  case  the  leaves 
remain  quite  expanded,  the  petiolules  directed  downwards,  the  common  petiole  almost 
horizontal. 

Changes  in  the  intensity  of  the  light  produce  the  same  eff'ect  as  irritants,  but  only  on  ■ 
healthy  phototonic  plants ;  leaves  which  have  become  rigid  from  exposure  to  darkness 
show  no  irritability  to  variations  in  its  intensity  until  they  have  again  become  photo- 
tonic from  long-continued  exposure  to  light.  A  plant  of  Jcacia  hphantha,  left  for  five 
days  in  the  dark,  was  found  to  have  lost  during  the  last  forty-eight  hours  every  trace 
of  its  sptontaneous  movements.  It  was  then  placed  in  a  window,  where  within  two 
hours  it  directed  its  leaflets  strongly  downwards,  the  sky  being  cloudy,  and  other  small 
changes  of  position  took  place  in  the  petiolules.  In  this  condition  the  plant  was  still 
rigid;  when  it  was  then  placed  about  noon  in  the  dark  with  another  phototonic  plant 
of  the  same  species,  the  position  of  its  leaves  did  not  change,  the  leaflets  remained 
expanded,  while  the  other  plant  within  an  hour  closed  its  leaflets  and  assumed  the  most 
complete  nocturnal  position.  Both  plants  were  then  once  more  placed  in  the  window, 
when  the  first  again  retained  the  position  of  its  leaves  unchanged,  while  the  normal 
phototonic  plant  expanded  its  closed  leaflets  In  an  hour,  the  sky  being  still  cloudy.  By 
the  evening  the  lowest  six  leaves  still  remained  rigid  and  expanded,  but  the  upper  eight 
or  nine  leaves  closed ;  the  next  morning  all  the  leaves  again  expanded  into  their  normal 
diurnal  position^. 

Irifolium  mcamatum  exhibited  similar  phenomena,  with  only  Immaterial  differences. 


'  [Bert  (Bull,  de  la  Soc.  bot.  de  France,  vol.  XVII,  1871,  p,  107)  found  that  the  irritability  of 
the  leaves  of  Minioso  was  destroyed  by  placing  them  under  bell-glasses  of -green  glass  almost  to  the 
same  extent  as  if  placed  in  the  dark;  the  plants  being  entirely  killed  in  Uvelvedays  nndcr  blackened, 
in  sixteen  days  under  green  glass;  plants  placed  in  the  same  manner  beneath  white,  red,  yellow, 
violet,  and  blue  glasses  being  still  perfectly  healthy  and  sensitive,  though  varying  in  the  rapidity 
of  their  growth,] 


vGooqIc 


i86  PERIODIC  MOVEMENTS  AND   THOSE  DUE   TO  IRRITATION. 

It  is  worth  noting  thit  in  tlie  plants  observed  by  me  the  positions  of  the  ieaves  in- 
duced by  the  rigidity  caused  by  darliness  resemble  the  diurnal  more  than  the  nocturnal 
position  of   phototonic  plants      Rigidity  produced  by  darkness  is  apparently  only  e 


hibited  by  organs  conta       g     hi       pi  >ll    f 

di  g  t 

munication  from 

PfelTer,  the  stamens  of  Cy            ^  th     gh  d 

1  ped       th    d    k 

irritable.     This, 

as  well  as  the  fact  that  i  d    d    1      g         f 

pi    t       y  be       d 

gid  by  darkness', 

shows  that  this  condition           t  d       t 

ss              m  1  t 

of  carbonic  acid 

in  the  tissues. 

(4)  Transitory  rigidity/  d  gh  1  h 
earth  in  the  pot  in  which  a  plant  is  growing  i! 
the  irritability  of  leaves  perceptibl>  diminishes  with  the  mcreismg  dryness,  and  an  almost 
complete  rigidity  ensues,  causing  the  common  petiole  to  assume  a  horizontal  position, 
and  the  leaflets  to  expand.  Leaves  which  have  lost  their  irritability  are  not  withered 
nor  flaccid;  but  the  watering  of  the  sod  ciuses  a  return  ot  the  irritability  within  two  or 
three  hours. 

(5)  Transitory  rigidity  raalting  from  chemical  influences  In  this  citegory  I  include 
especially  the  condition  termed  by  Dutrochet^  Asphyxia,  which  occun.  in  Mimosa  when 
placed  in  the  receiver  of  an  air-pump  While  the  air  is  being  pumped  out,  the  leaies 
fold  up,  no  doubt  in  consequence  of  the  concussion ,  but  the  leaflets  then  expand,  the 
petiole  becomes  erect,  and  while  the  leaves  assume  the  same  position  as  after  pro- 
longed withdrawal  of  light,  they  become  rigid  and  possess  neither  periodic  motility 
nor  irritability  to  concussion.  When  brought  into  the  air  the  plant  again  becomes 
motile.  It  can  scarcely  be  doubted  that  the  eifict  of  the  vacuum  is  essentially  a  result 
of  the  removal  of  the  atmospheric  o^jgen,  and  therelore  causes  ngiditv  by  suspending 
the  respiration. 

KalKch'  confirmed  these  statements,  and  showed  that  the  stamens  of  Berberu,  Ma- 
honia,  and  Helianthemum  also  lose  their  irntabilitj  in  -vacao,  regaining  it  m  the  air. 

The  cessation  of  the  irritability  of  the  stamens  of  these  plants  which  Kabsch  states  to 
take  place  when  they  are  placed  in  nitrogen  or  hydrogen  gas  may  also  be  ascribed  to  a 
simple  suspension  of  respiration,  the  irritability  returning  on  access  of  air.  The  destruc- 
tion of  the  irritability  which  takes  place,  on  the  authority  of  the  same  observer,  in  the 
stamens  of  Berberis  in  pure  carbon  dioxide  or  in  air  containing  more  than  40  p.  c.  of  this 
gas  must,  on  the  contrary,  be  considered  a  positively  injurious  chemical  action  of  the 
nature  of  poisoning.  If  they  remain  from  three  to  four  hours  in  carbon  dioxide,  the 
irritability  returns  only  after  some  hours  on  replacing  them  in  air.  Carbonic  oxide 
mixed  with  air  in  the  proportion  of  from  20  to  25  p,  c,  destroys  irritability,  while  nitrous 
oxide  produces  no  effect.  The  stamens,  on  the  other  hand,  bend  towards  the  pistil  in 
nitric  oxide,  and  lose  their  irritability  in  1^  or  2  minutes.  Ammoniacal  gas  appears 
to  cause  transitory  rigidity  after  a  few  minutes', 

Kabsch  states  that  rigidity  ensues  after  from  ij  to  2  hours  in  pure  oxygen,  the 
stamens  again  recovering  in  the  air. 

The  vapours  of  chloroform  or  of  ether  destroy  the  irritability  (also  for  variations 
of  light  ?)  of  motile  organs,  without  however  causing  death  unless  the  action  be  too 
prolonged.     If  entire  plants  of  Mimose^  or  branches  which  have   been   cut   olf  be 

'  Pfeffer,  Physio!.  Unters,,  Leipzig  1873,  p.  66, 

'  Dutfochet,  Mem.  pour  servir,  vol,  L  p.  562. 

=  Kalisdi,  Bot.  Zeit,  1862,  p.  341. 

'  [J.  B.  Schnetiler  (Bull,  de  la  Sociiitii  vaudoise  des  Sciences  naturelles,  1869)  points  out  that 
the  substances  which  destroy  the  contractility  of  animal  '  sarcode '  also  destroy  the  irritability  of  the 
stamens  oi Berberis  and  the  leaves  oi Mimosa.  Curare  has  no  prejudicial  effect  in  either  case; 
while  nicotine,  alcohol,  and  mineral  acids  destroy  both.  In  the  Comptes  rendus  for  April  23rd, 
1870,  is  a  record  of  a  series  of  experiments  on  the  effect  of  chloroform  on  the  irritability  of  the 
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parenchyma  has  been  removed,  water  may  sometimes  be  seen  to  escape  also  from  the 
horizontal  cut  surface  of  the  parenchyma.  It  is  therefore  certain  that  during  the 
movement  produced  by  stimulation  water  escapes  from  the  lower  parenchyma;  it  gives 
off  a  small  portion  of  it  to  the  upper  parenchyma  (as  is  shown  by  the  measurements 
that  have  been  quoted),  a  larger  portion  flows  off  at  the  sides  through  the  intercellular 
spaces,  and  a  smaller  portion  apparently  enters  the  central  fibro-vascular  bundle.  The 
whole  amount  of  water  that  escapes  from  the  lower  parenchyma  is  so  small  that  it 
is  no  doubt  at  once  absorbed  by  these  parts  at  the  moment  of  irritation. 

Since  water  escapes  from  the  parenchymatous  cells  of  the  under  side  when  stimulated, 
and  passes  into  the  intercellular  spaces,  the  air  must  be  at  least  partially  expelled  from 
the  latter;  and  this  is  evidently  the  cause  of  the  darker  colour  of  the  irritated  parts 
already  observed  by  Lindsay.  Pfeffer  fixed  a  petiole  in  the  normal  condition  so  that  the 
contractile  organ  could  not  bend  when  irritated;  when  he  touched  a  point  of  the  irrit- 
able side  he  saw  the  darker  colour  spread  instantaneously  from  th  p  t  f  t  t  N 
other  explanation  of  this  phenomenon  is  possible  than  that  th  p  11  d  t    m  ti 

intercellular  spaces  and  replaced  by  water,  which  would  cause  11  t     f  I  i<ht 

to  be  reflected  from  the  interior.     The  expelled  air  will  coUe  t  q  f  th 

laws  of  capillarity,  in  the  larger  intercellular  spaces  round  th  t    1   tib        asc  la 

bundle,  from  which  it  will  easily  reach  the  petiole. 

In  the  diurnal  position  of  the  organ  slight  transverse  folds  are  seen  to  run  along 
both  sides  which  after  stimulation  become  more  shallow  on  the  upper  but  deeper  on  the 
under  side,  showing  that  the  consequent  curvature  causes  a  slight  passive  compression  of 
the  under  side.  This  side  first  of  all  contracts  in  consequence  of  its  loss  of  water  and  of 
the  elasticity  of  its  cell-walls,  and  then  becomes  still  further  compressed  by  the  down- 
ward curvature  of  the  upper  side. 

How  it  comes  about  that  a  slight  touch  or  concussion  should  cause  an  escape  of 
water  from  the  strongly  turgid  cells  of  the  lower  side,  followed  by  an  energetic 
reabsorption,  cannot  for  the  present  be  explained'.  Pfelfer's  observations  on  the 
stamens  of  Cynarea  seem  to  warrant  the  assumption  that  the  protoplasm  of  the  irritable 
cells  undergoes  a  change,  in  consequence  of  a  touch  or  of  concussion,  of  such  a  nature 
that  it  becomes  more  permeable  to  water,  and  that  the  water  which  has  passed  through 
the  protoplasmic  layer  simply  filters  through  the  cell-wall,  which  then  contracts  in 
virtue  of  its  elasticity. 

The  propagation  of  the  stimulus  in  Mimoja  to  which  frequent  reference  has  been 
made    bo       has  b  h         by  Pf  ff      (J  h  b  1  B  t   I\   p   3   8)  fi  m  ti 

of  Dut      h  t  It        d     t      y  t     b      ff    t  d  by  th    fib         sc  1      b     dies 

Since       hm      mtf      ifpd      dbytmlt  mp       d  by  pe 

of  wat      from    ts  p         hym      th         t        f  th  I  b     dl        d     f  th     b     dl 

connect  d  w  th  t         t       m  t  If     h  m  d       t    th    wood    f 

stem,      d    p    f      t  d  m      m    t    1  th         t  th    hb       as    la     >  t 

is  set     p  wh    h    ff    ts     1       that     t  th  I  b     dl       f  th  tra  1 1        g       and     f 

the  irr  t  bl    p         hyi 

In  th  t  1 1  g  t  th  I  fl  ts  f  0  /  .rf  //  wh  th  t  m  cal  d 
mecha     al        t  m  1      t     thos       i  M  m        th         mp    ss  m    h 

strong  d  th         d        d  t      ts     h       th        g  t  t  d     PI  ff       t  tes 

that  a  d  1  1      t  fc     pi  d  y  d      bl      1     t,  t         f 

the  upp      p  h)m  q       d  t      th  t     th  ust  b        m 

siderabl     tf  fwttmth        d        dTh        g  fO/dff 

from  th  se    i  Mm  m        g       t  bl       h      th       t       11  1       p  J    td 

with  wat        bth  th         tthyb  fld  tt  tpbbl 


'  [For  a  discussion  of  this  subject  see  Vines,  The  Influence  of  Light  on  the  Growth  of  Uni- 
cellular  Organs,  Arb.  d.  hot.  Inst,  in  WUriburg,  II.  1,  1878.] 
»  See  Sachs.  Bot.  Zeit.  1857,  pi.  XUI. 
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therefore  that  a  portion  of  the  water  passes  from  the  contractile  organ  into  the  tissue 
of  the  petiole  and  lamina.  The  depression  of  the  leaves  of  0.  Acelosella  and  itricla 
when  sunlight  falls  suddenly  upon  them  is,  like  the  irritable  movements,  attended  with 
flaccidity,  and  acc»;rding  to  Pfeffer,  is  of  the  same  nature. 

(b)  The  external  features  of  the  phenomena  of  irritability  exhibited  by  the  stamens 
of  Gynaracere'  in  the  normal  condition  have  already  been  described.  For  a  close 
examination  of  them  it  is  necessary  to  remove  single  flowers  from  the  capitulum,  and  to 
cut  away  the  corolla  from  below  as  far  as  the  point  of  insertion  of  the  filaments,  or  to 
cut  across  the  corolla-tube,  stamens,  and  style  above  the  insertion  of  the  filaments,  and 
to  fix  the  reproductive  organs  which  are  thus  isolated  by  means  of  a  pin  in  damp  air. 
When  the  filaments  have  recovered  from  the  irritation  caused  by  this  operation,  they  are 
convex  outwards.  The  filaments  are  flat  and  strap-shaped ;  they  consist  of  three  or  four 
layers  of  long  cylindrical  parenchymatous  cells,  separated  by  thin  straight  walls,  and  sur- 
rounded by  a  layer  of  epidermal  cells  of  similar  form,  strongly  cnticularised  and  growing 
out  in  many  places  to  hairs,  each  of  which  is  cut  off  hy  a  longitudinal  wall.  Intercellular 
spaces  of  considerable  size  lie  between  the  parenchymatous  cells ;  through  the  middle  of 
the  parenchyma  passes  a  delicate  fibro-vaseular  bundle,  which,  like  the  epidermis,  is 
strongly  stretched  by  the  turgid  parenchyma. 

If  the  Bower  has  been  dissected  according  to  the  plan  first  described,  and  one  of  the 
filaments,  curved  convesly  outwards  and  fixed  below  to  the  corolla,  above  to  the  anther- 
tube,  is  touched,  it  becomes  straight  and  therefore  shorter  and  in  contact  along  its 
whole  length  with  the  style.  If  all  the  filaments  are  touched,  it  is  seen  that  they  have 
considerably  decreased  in  length  so  as  to  draw  down  the  anther-tube.  After  a  few 
minutes  they  resume  their  original  length  and  curvature,  and  are  then  again  irritable. 
If  the  corolla  has  been  dissected  according  to  the  second  mode,  where  the  filaments  are 
cut  away  and  can  move  freely  below,  it  is  easy  to  see  that  every  time  they  are  touched 
a  curvature  immediately  ensues ;  if  the  outer  side  is  touched,  it  becomes  at  first  concave, 
then  convex;  if  the  inner  side  is  touched,  it  becomes  concave,  and  sometimes  after- 
wards convex.  The  contraction  of  the  stimulated  filament  begins  at  the  moment  of 
contact,  after  some  time  reaches  its  maximum,  and  the  organ  then  at  once  begins  again 
to  lengthen,  at  first  quickly,  then  more  slowly. 

With  regard  to  the  mechanism  of  these  movements,  we  are  in  possession  of  Pfeffer's 
most  acute  observations  made  for  the  most  part  upon  the  filaments  of  Cynara  Scofymr/s 
and  Ccntaurea  jacea.     The  following  is  a  summary  of  his  most  important  results. 

The  filaments  are  from  4  to  6  mm,  long  in  these  species:  the  tangential  diameter 
of  those  at  Cynara  is  0*42  mm.,  the  radial  o'2  mm.;  in  Gentaurea  the  measurements  are 
0-24  and  o'H  mm.  The  axial  fib ro- vascular  bundle  is  thin  and  delicate.  The  irritable 
parenchymatous  cells  are  In  Cjnara  two  or  three  times,  in  Centaurea  from  four  to  six 
times  as  long  as  they  are  broad,  and  their  transverse  walls  are  at  right  angles  to  the  long 
axis.  All  the  walls  of  the  cells,  even  of  those  forming  the  bundle,  are  thin :  only  the 
external  walls  of  the  cells  of  the  epidermis  are  somewhat  thickened.  The  abundant 
cell-sap  of  the  parenchymatous  cells  is  surrounded  by  a  parietal  layer  of  protoplasm 
of  moderate  thickness,  in  which  lies  a  nucleus.  The  protoplasm  exhibits  rotation.  Some 
tannin  and  a  considerable  quantity  of  glucose  is  dissolved  in  the  cell-sap. 

The  filaments  are  irritable  throughout  their  whole  length,  that  is,  they  will  contract 
at  any  point  if  touched.  Pfeffer  succeeded  by  especial  contrivances  to  magnify  the 
contractions  one  or  two  hundred  times.  The  contraction  may  amount  to  from  eight 
to  twenty-two  per  cent,  of  the  length  of  the  filament  when  at  rest.  It  is  accompanied 
by  a  thickening  of  the  filament,  which  is,  however,  too  slight  to  suggest  that  the 
contraction   produces   merely  a   change   of  form ;    it   rather   indicates   a  considerable 

'  Cohn,  Contractile  Gewebe  im  Pilauzenreieh,  Bteslau  1861 ;  ditto,  Zeitschrift  fiir  wiss.  Zoologie, 
vol.  Xn.  Heft  3.— Kabsch,  Bot.  Zcit.  i86i,  No.  4.— Unger.  Bot.  Zeit.  1862,  No.  15,  and  1863,' 
No.  46, — ^PfelTer,  Phjsiologische  Unteisuchiuigen,  p.  80. 
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PfeiTer  overthrows  Hofmeister's  theory  that  the  escaping  water  comes  not  from  the 
vacuole  of  the  cell  but  from  the  cell-wall  itself,  by  the  fact  that  the  lateral  walls  of  the 
parenchymatous  cells  become  thicker  on  contraction,  and  he  might  have  added  that  on 
this  theory  a  contraction  of  empty  cells  but  not  of  full  tense  cells  was  possible. 

After  having  shown— though  without  absolute  proof — how  improbable  it  is  that  the 
cell-wall  undergoes  a  sudden  change  in  consequence  of  stimulation,  Pfeffer  goes  on  to 
point  out  how  probable  it  is  that  some  change  is  produced  in  the  protoplasm  which  lines 
the  cell-wall  as  a  closed  sac.  For  a  complete  discussion  I  refer  the  reader  to  his 
exhaustive  treatment  of  the  subject ;  I  will  only  append  the  following  account  for 
the  sake  of  clearness.  It  is  evident  that  if  permeability  of  the  tense  cell-wall  remain 
unaltered,  the  escape  of  water  from  the  cell  may  depend  upon  the  permeability  of  the 
layer  of  protoplasm  which  lines  the  cell-wall.  If  it  is  not  permeable,  it  becomes  more 
closely  pressed  to  the  cell- wall  by  the  increased  hydrostatic  pressure  effected  by 
endosmosis ;  if  now  any  force  affects  the  protoplasm  in  such  a  way  that  the  protoplasm 
becomes  permeable  to  water,  an  escape  of  fluid  will  take  place  not  only  through  the 
protoplasmic  layer,  but  also  through  the  cell-wall  which  has  already  been  shown  to 
be  sufficiently  permeable.  It  has  now  to  be  shown  that  the  occurrence  of  such  a  change 
in  the  protoplasm  is  possible,  and  to  be  explained  why  it  is  that  this  suddenly  increased 
permeability  of  the  protoplasm  ceases  after  the  movement,  a  fact  which  is  essential  to 
the  restoration  of  the  irritability.  On  these  points  I  would  refer  the  reader  to  the 
explanations  given  in  Pfeifer's  work ;  I  would  only  add  that  such  changes  in  the 
permeability  of  protoplasm  as  are  here  assumed  are  already  known  to  occur.  When  the 
protoplasm  of  a  cell  of  Spirogyra  contracts  before  conjugation,  it  must  necessarily  become 
more  permeable,  for  most  of  the  water  escapes  from  it ;  this  escape  does  not  take  place 
when  the  cell  is  turgid  and  actively  growing.  If  the  cell-wall  of  the  conjugating  cell 
were  very  tense  and  if  it  were  at  the  same  time  very  elastic,  it  would  contract  simul- 
taneously with  the  protoplasm,  and  would  permit  of  the  escape  of  the  water  through  it. 
As  a  matter  of  fact  the  cell-wall  of  Spirogyra  is  not  very  tense,  and  it  is  rigid,  so  that 
it  does  not  materially  alter  its  form  when  the  protoplasm  contracts;  the  water  which 
escapes  through  the  protoplasm  therefore  occupies  the  space  between  it  and  the  cell-wall. 
It  may  be  objected  that  this  contraction  preparatory  to  the  conjugation  of  the  cell  of 
s  not  the  result  of  the  action  of  an  external  stimulus ;  this  is  quite  true,  but 
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it  serves  to  prove  that  an  alteration  of  the  permeability  of  protoplasm  is  possible. 
Moreover  it  is  known  that  the  protoplasm  of  many  ceUs  contracts  when  they  are 
subjected  to  pressure  from  without,  and  this  is  only  possible  if  an  escape  of  water  takes 
place.  If,  under  these  circumstances,  the  cell-wall  remains  fixed,  it  is  because  it  was  but 
slightly  stretched  and  comparatively  inextensible  before.  If  the  wall  of  a  cell  which  has 
been  so  treated  were  to  contract  as  considerably  as  the  protoplasm,  we  should  have 
a  result  similar  to  that  which  was  assumed  above  with  reference  to  a  stimulus.  These 
considerations  suggest  that  the  irritability,  in  its  narrowest  sense,  is  a  property  of  the 
protoplasm  only,  and  that  it  is  essential  to  the  existence  of  irritable  organs  that  the 
irritable  protoplasm  should  be  surrounded  by  cell-walls  which  are  tense  in  consequence 
of  the  turgidity  of  the  cells  and  which  can  follow  the  contractions  of  the  protoplasm  in 
virtue  of  their  perfect  elasticity. 

(c)  The  irritable  stamens  of  Berheris^  differ  considerably  in  the  mechanism  of  jiheir 
movements  from  those  of  Cynarefe,  especially  in  that  they  are  irritable  not  upon  the  outer 
side  but  upon  the  inner  side  only ;  further,  the  irritable  parenchyma  includes  no  inter- 
cellular spaces,  but  between  the  thin-walled  cells  there  is  a  quantity  of  '  intercellular 
substance '  which  is  capable  of  swelling.  If  the  inner  side  of  the  filament  be  touched, 
it  curves  throughout  its  whole  length.  Pfeffer  was  able  to  observe  in  this  case  also  that 
when  the  filament  is  cut  across,  stimulation  causes  the  escape  of  a  drop  of  water  from  the 
cut  surface. 

(d)  Too  little  is  at  present  known  of  the  mechanism  of  the  irritable  gynostemium  of 
Stylidium,  of  the  leaves  of  Diontea  muicipu/a,  of  the  glands  upon  the  leaves  of  Droiera,  of 
the  segments  of  the  stigma  of  Mimulus,  &c.,  to  admit  of  brief  yet  satisfactory 
treatment '. 

Sect.  go.—Meehaniam  of  the  Movemente  produced  by  Variations  of 
Temperature  and  of  Light  ^.  If  plants  with  motile  leaves,  like  Papilionacese  and 
Oxalidese,  after  having  remained  in  the  light,  are  suddenly  placed  in  the  dark,  the 
leaves  after  some  time  take  up  their  noclurnal  position,  closing  upwards  or  down- 
wards according  to  the  species  (Sect.  28).  If  light  is  now  let  in  upon  ihe  plant 
in  the  state  of  sleep,  the  leaves  again  open  and  assume  their  diurnal  position. 
Placing  them  in  the  shade  has  the  same  effect  as  complete  darkness,  but  not  so 
strongly. 

These  facts  show  that  fluctuations  in  the  intensity  of  the  light  cause  curvatures 
of  the  motile  parts  of  plants.  If  these  parts  are  also  irritable  to  concussion,  as  in 
Mimosa  and  Oxalis  acetosdla,  darkness  causes  a  similar  position  of  the  leaves  to 
concussion,  But  the  infernal  conditions  are,  as  has  been  mentioned,  very  different 
in  the  two  cases ;  for  the  folding  up  caused  by  darkness  is  associated  with 


'  linger,  Anat.  und  Physiol,  der  Pflanze,  1855,  p.419.— Kabsch,  Bot.  Zeit,,  1861,  p.  a6.— Pfeffer, 
Physiol.  Unters.,  p.  157. 

"  See  also  Unger,  Aoat.  u.  Phys.,  1855,  p,  419 — Suringar  (on  Drosera),  Vereenigung  voor  de 
Flora  van  Nederlaod  eng.  den  15  Juli,  1853.— Nitscbke  (on  Drosera),  Eot.  Zeit.  1S60.— Schnetzler  (on 
Berberis),  in  Bulletin  de  la  Societe  vaudoise  des  Sci.  Nat.  X,  1869. — Kahsch  (on  Berberis,  Mimulus, 
&c.),  Bat.  Zeit.  1861.— Kabsch  (on  Stylidium),  Bot.  Zeit.  1861.— A.  W.  Bennett,  The  MovemenM 
of  the  Glands  of  ft-osn-o,  Quart.  Joum.  Micr.  Sci.  1873. 

[See  also  KuTz,  Anatomie  des  fflattes  der  iJionffia  miiseipula;  Du  Bois  Reymond's  Archiv,  1876: 
also  Munk,  Die  elektrischen  mid  Bewegungs-Erscheinungen  am  Blatte  der  Dionaa  Muscipula,  ibid.; 
further,  Darwin,  Insectivorous  Plants,  1875.] 

'  Dutrochet,  Mem.  pour  servir,  vol.  I.  p.  509. — Meyen,  Neues  Syst.  der  Pflanz.-Phya.  vol.  Ill, 
p.  487.— Sachs,  Bot.  Zeit.  1857,  Nos.  46,  47.— Bert,  Recherches  sur  les  mouvements  de  la  sensitive, 
Paris  1867. — Millardet,  NouveOes  recherches  sur  la  p^riodicite  de  la  sensitive,  Marburg  1869. — 
Pfeffer,  Physiol,  Unters,,  Leipzig  J873. 


vGooqIc 


MECHAmsM  OF  SPONTANEOUS  PERIODIC  MOVEMENTS.  895 

in  the  rigidity  of  the  part,  and  therefore  with  an  increase  in  its  turgidity;  while 
in  that  caused  by  irritation  there  is  a  decrease  in  all  these,  as  Briicke  was  the  first  to 
show  in  the  case  of  Mimosa.  In  the  leaves  of  Phaseolus  which  are  not  irritable 
to  concussion  Pfeffer  also  found  an  increase  of  rigidity  in  the  nocturnal  position, 
'Conversely  the  diurnal  position  caused  by  the  action  of  light  or  an  increase  in  its 
intensity  is  the  result  of  a  diminution  of  the  rigidity  or  turgidity.  The  effect  pro- 
duced upon  the  turgidity  of  motile  organs  by  variations  in  the  intensity  of  light 
causes  upward  and  downward  curvatures,  since  the  variation  of  the  turgidity  of  the 
one  side  of  the  organ  is  more  considerable  and  occurs  more  rapidly  than  that  of 
the  other,  A  rise  of  temperature,  on  the  contrary,  which  affects  the  motile  part 
directly,  is,  according  to  Pfeffer,  associated,  in  Oxalis,  and  in  a  less  degree  in 
Phaseoius,  with  increase  of  rigidity,  and  therefore  also  of  turgidity,  and  causes  a 
movement  towards  the  nocturnal  position,  and  hence  a  stronger  turgidity  of  the 
upper  side.  When,  on  the  other  hand,  an  increase  in  the  intensity  of  the  light  and 
a  rise  of  temperature  act  on  a  contractile  organ  at  the  same  time,  its  curvature  is 
a  resultant  of  the  two  changes ;  according  as  the  one  or  the  other  preponderates, 
the  leaf  approaches  more  nearly  the  diurna!  or  the  nocturnal  position.  Beyond  this 
we  have  less  certain  knowledge  as  to  the  action  of  variations  of  temperature,  than 
we  have  with  reference  to  light, 

Pfeffer,  who  has  been  especially  engaged  for  3  considerable  time  in  the  study  of  the 
mechanism  of  the  movements  produced  by  stimulation,  has  suppHed  me  with  the  follow- 
ing : — '  The  tendency  to  expand  is  increased  by  darkness  equally  in  both  the  antagonistic 
halves,  and  in  the  tissues  of  the  organ  generally :  light  has  the  contrary  effect,  and  the  one 
half  always  reacts  more  powerfully  than  the  other.  The  expansive  force  increases  more 
rapidly  in  the  half  which  is  becoming  convex,  but  it  may  become  more  considerable  in 
the  other  half;  it  is  for  this  reason  that  every  movement  produced  by  removal  into 
darkness  is  followed  after  a  time  by  a  movement  in  the  opposite  direction,  tending  to  the 
resumption  of  the  position  of  equilibrium.  It  is  quite  certain  that  darkness  not  merely 
produces  a  closure  but  that  it  has  a  persistent  effect,  just  as  the  movement  imparted  to 
a  pendulund  persists  for  a  time  whilst  the  amplitude  of  the  oscillations  is  rapidly 
diminishing,' 

Bert^  showed  that  if  a  Mimosa  be  continuously  exposed  to  light  for  five  days,  the 
amplitude  of  its  periodic  movements  diminished  considerably,  whereas  the  irritability 
increased.  Pfeffer  also  found  that  continuous  illumination  for  a  period  of  one  or 
more  days  arrested  the  daily  periodic  movements  of  Acacia  iophantha.  If  a  plant  so 
treated  be  placed  in  the  dark,  closure  takes  place  and  then  opening,  and  in  continuous 
darkness  for  one  or  more  days  opening  and  closing  repeatedly  alternate.  When  the 
plant  had  been  exposed  to  a  strong  light  before  being  placed  in  the  dark,  the  interval 
between  the  movements  of  opening  and  closing  was  about  44  hours.  This  is  also  the 
case  if  the  plant  be  placed  in  the  dark  in  the  morning,  so  that  the  first  closure  takes  place 
during  the  day.  Pfeffer  regards  these  phenomena  (like  those  of  motile  flowers  and 
of  growing  leaves)  to  be  due  to  the  persistent  effect  of  the  previous  alternation  of  day 
and  night;  they  are  not  to  be  confounded  with  the  spontaneous  periodic  movements 
of  these  plants,  for  these  latter  continue  when  the  former  have  disappeared,  and  the 
interval  at  which  they  occur  is  shorter. 

Sect.  31. — Meehanisna  of  spontaneous  periodic  Movements.     The  ex- 
istence of  spontaneous  periodic  movements  which  are  not  directly  produced  by  the 

'  Bert,  M^m.  de  TAcad.  d.  ScL.  Phys.  et  Nat.  de  Bordeaux,  1866,  Bd.  VIII. 
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action  of  external  Influences  has  been  already  mentioned  ia  Sect.  z8,  the  move- 
ment of  the  lateral  leaflets  of  Hedysarum  gyram  being  cited  as  a  striking  example. 
The  rapid  upward  and  downward  movement  of  these  leaflets  take  place,  if  the 
temperature  be  sufficiently  high,  both  in  continuous  illumination  and  in  continued 
darkness.  The  spontaneous  movements  of  the  leaflets  of  Oxalh  acelosella  and  of 
TrifoUum  praknse  are  also  very  evident ;  the  leaflets  move  in  continued  darkness  and 
at  a  constant  temperature  through  an  angle  of  from  30°  to  90°  in  from  i  to  4  hours. 

It  was  pointed  out  in  the  foregoing  paragraph  that  these  spontaneous  move- 
ments are  independent  of  the  persistent  effect  of  the  stimulating  influence  of  light. 
Pfetfer  clearly  made  this  out  in  the  case  of  the  large  terminal  leaflet  of  Hedysarum. 
(Desmodium)  gyrans,  which  makes  upward  and  downward  movements  of  small 
amplitude  in  short  periods  of  time.  Whilst  the  daily  periodicity  (Sect.  30)  is 
manifested  only  for  a  short  time  in  prolonged  darkness,  the  spontaneous  movements 
continue.  In  TrifoUum  and  Oxalis  the  persistence  of  the  daily  periodicity  is  very 
slight,  whereas  the  spontaneous  movements  are  very  evident  in  prolonged  darkness. 

It  can  scarcely  be  doubted,  after  what  has  been  already  said  with  reference 
to  the  various  movements  of  growing  and  of  mature  organs,  that  the  spontaneous 
periodic  movements  are  effected  by  variations  of  turgidity,  that  is  by  the  absorption 
and  the  escape  of  water.  Since  they  are  not  accompanied,  as  PfefTer  has  observed, 
by  any  alteration  of  the  rigidity  of  the  organ,  it  is  probable  that  one  half  of  the 
tissue  gains  in  expansive  force  what  the  other  loses  and  at  the  same  moment ;  this 
almost  amounts  to  saying  that  first  one  and  then  the  other  half  of  the  tissue  absorbs 
water  from  the  other  half. 

Batalin  (Flora,  iSyj)  asserts  that  each  periodic  movement  in  Mimosa  and  Pbaseolut 
is  accompanied  by  a  slight  increase  in  length.  Simple  calculation  suffices,  however,  to 
show  that  the  periodic  movements  of  these  organs  cannot  be  due  to  periodic  growth  of 
the  upper  and  under  surfaces. 

The  question  why  it  is  that  the  two  sides  of  the  organ  are  alternately  more  or  less 
strongly  turgid  cannot  be  answered  at  present  any  more  than  the  question  why  it  is  that 
first  one  side  and  then  the  other  grows  more  rapidly  in  growing  leaves,  stems,  tendrils, 
&c.  which  exhibit  nutation. 


CHAPTER    VI. 

THE    PHENOMENA   OF   SEXUAL   REPRODUCTION. 

Sect.  33'.  Sexuality  consists  essentially  in  the  fonnation,  in  the  course  of 
development  of  the  plant,  of  reproductive  cells  of  two  different  kinds,  which  have  no 
independent  power  of  further  development,  but  which,  by  their  coalescence,  give 
rise  to  a  product  which  possesses  that  power. 

re  based  are  fully  detailed 
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It  is  only  in  a  comparatively  small  number  of  cases,  arid  in  plants  of  very 
simple  structure,  like  the  Desmldiese,  Mesocarpeas,  and  PandorineK,  that  the  two 
cells  which  coalesce  are  alike  in  their  mode  of  production,  size,  form,  and  behaviour 
when  coalescing;  and  even  in  these  cases  they  probably  differ  internally,  since  it  ts 
.difficult  to  explain  on  any  other  hypothesis  the  necessity  for  their  union  into  a  pro- 
•duct  capable  of  development  (the  Zygospore).  In  some  other  Conjugafge,  as  Spiro- 
gyra,  this  internal  differentiation  is  exhibited  at  least  to  the  extent  that  the  contents 
of  one  of  the  conjugating  cells  pass  over  into  the  other,  the  contents  of  which  remain 
stationary.  But  usually  as  m  most  Algse  {Vaucherii  (Edogonium,  CoUochate,  Fucus, 
&c.),  and  in  all  CharaceEe  "Muscmete  and  Vasculir  Cryptogams,  a  great  variety 
pf  differences  are  man  fested  between  (he  sexual  cells  as  to  size,  form,  motility, 
mode  of  production  and  the  share  they  fike  n  the  formation  of  the  product  of 
the  union.  This  differentiation  presents  especially  n  the  Algje,  a  most  complete 
series  of  giadatons  between  the  conjugation  of  similar  cells  and  the  fertilisation 
of  oospheres  by  antherozoids  any  boundarj  1  ne  between  these  two  processes 
being  unnatural  and  artificul  The  difference  also  between  Ihe  sexual  cells  is  de- 
veloped only  gradually  and  step  by  step,  like  the  external  and  internal  differentiation 
of  plants;  and  it  is  this  that  renders  it  probable  that  in  the  lowest  forms  of  the 
vegetable  kingdom,  as  in  the  Nostocaceje,  no  process  at  all  of  this  kind  exists,  or 
that  at  all  events  there  are  plants  of  extremely  simple  structure  in  which  no  such 
process  occurs. 

Wherever  there  is  an  evident  external  difference  between  the  two  sexual  cells, 
one  behaves  actively  in  the  union,  and  loses  in  the  process  its  individual  existence, 
the  other  behaves  passively,  absorbing  into  itself  the  substance  of  the  active  one,  and 
furnishing  by  far  the  larger  proportion  of  the  first  materials  for  the  formation  of  the 
immediate  product  of  the  union.  The  former  is  termed  the  male  cell  or  antherozoid, 
the  latter  iht/emaU  cell  Or  oospkere. 

These  most  essential  features  of  the  sexual  process  may  also  be  recognised  in 
the  fertilisation  of  the  Ascomycefes  and  Floridege,  although  the  external  appearance 
of  the  female  organ,  the  carpogonium,  on  the  one  hand  and  of  the  male  organ 
(in  certain  Ascomycetes  at  least)  on  the  other  hand,  are  strikingly  different  from 
those  which  occur-in  any  other  class  of  plants. 

The  usual  condition  of  the  female  cell  during  the  sexual  process  (except  in  the 
Ascomycetes  and  Floride^)  is  that  of  a  naked  primordial  cell  (oosphere),  formed 
eithei'  by  simple  contraction  of  the  protoplasm  of  a  cell  previously  enclosed  within  3 
cell-wall  (as  in  the  oogonium  of  Vaucheria,  iEdogonium,  and  Cokochate,  and  in  the 
^rchegonium  of  Muscinete,  Vascular  Cryptogams,  and  Gymnosperms)  or  by  the 
division  of  the  protoplasm  of  a  mother-cell  combined  with  contraction  and  rounding 
off  of  the  daughter-cells;  (as  in  Saprokgnia  and  Fucacepe),  or  ty  free  cell-formation 
(as  in  the  embryo-sac  of  Angiosperms).  In  all  these  cases  the  oosphere  is  spherical 
pr  ellipsoidal,,  except  that  in  the  Angiosperms  it  is  sometimes  elongated  ;  in  general 
its  form  is  the  simplest  that  the  vegetable  cell  can  assurtie. ,  The  rouB ding  off  is  not 
connected  with  any  internal  differentiation ;  at  least  where  any  internal  differentiation 
is  exhibited  (^s  in  the  formation  of  chlorophyll  and  the  granular  contents  in  (Edo- 
gmium  and  other  Algse),  the  phenomenon  is  a  secondary  one  in  the  process  of 
fertilisation.  The  oosphere  is  never  actively  motile,  even  when,  as  in  the  Fucacese, 
3  M 
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afler  it  is  extruded  it  is  set  in  rotation  by  the  attached  antherozoids ;  it  usually 
remains  enclosed  in  the  mother-cell  that  produces  it  (the  oogonium  of  Algre  and 
Fungi,  the  archegonium  of  Muscinere,  Vascular  Cryptogams,  and  Gymnosperms, 
and  the  embryo-sac  of  Angiosperms),  where  it  awaits  fertilisation.  While  the  male 
cell  loses  during  the  union  its  character  as  an  individual  cell,  the  oosphere  is 
rendered  capable  of  a  more  complete  individual  existence,  which  is  first  indicated 
by  the  invariable  formation  of  a  wall  of  cellulose,  even  when  the  oosphere  results 
simply  ft-om  the  contraction  of  the  protoplasm  of  an  oogonium  and  still  remains 
enclosed  in  its  cell-wall,  as  in  (Edogottium  and  Vaucheria.  In  this  respect  the 
zygospore  of  Conjugate  and  Mucorini  behaves  also  like  a  fertiUsed  oosphere 
or  oospore. 

The  male  cell  is  more  variable  in  its  form  and  in  its  behaviour  in  the  process 
of  fertilisation.  It  always  moves  to  the  oosphere  which  remains  at  rest ;  in  the 
Florideae  it  is  carried  passively  by  the  water ;  in  the  FucaceK,  in  Vaucheria,  (Edogo- 
nium,  and  other  Algte,  in  all  CharaceE,-  Muscine:e,  and  Vascular  Cryptogams,  it 
swims  actively.  In  other  cases  the  male  organ  becomes  attached  in  its  growth  to 
the  female  organ,  as  in  the  antheridial  branches  (pollinodia)  of  some  Saprolegniese 
and  of  some  Ascomycetes,  and  the  pollen-tube  of  Phanerogams.  The  great  variety  of 
form  of  the  male  cell  becomes  especially  conspicuous  if  we  compare  the  roundish 
swarm -spore-like  antherozoids  of  (Edogonium  and  Coleochcste  with  the  filiform  anther- 
ozoids of  Characes,  Muscineje,  and  Vascular  Cryptogams,  and  with  the  rounded 
non-motile  antherozoids  of  the  Floride;e  which  (like  the  spermatia  of  Lichens)  possess 
a  cell-wall.  The  form  is  in  each  case  evidently  adapted  to  produce  the  right 
kind  of  motion  in  order  to  convey  the  fertilising  substance  to  the  female  organ  in 
a  manner  in  harmony  with  its  structure ;  while  in  the  fertilisation  of  the  latter  the 
quality  of  the  substance  only  is  concerned. 

According  to  the  present  state  of  our  knowledge  it  may  be  assumed  that 
fertilisation  essentially  consists  in  a  union  of  protoplasm  and  nuclear  substance 
derived  from  the  male  organ  with  protoplasm  and  nuclear  substance  of  the  female 
organ.  In  conjugation  this  union  is  brought  about  by  the  coalescence  of  the  two 
conjugating  cells.  In  the  fertilisation  of  (Edogonium  and  Vaucherta,  the  entrance 
of  the  antherozoid  into  the  protoplasm  of  the  oosphere  and  its  absorption  in  it 
has  been  observed  by  Pringsheim.  The  antherozoids  of  Muscinese  and  Ferns 
were  observed  by  Hofmeister,  and  those  of  Marsilia  by  Hanstein,  to  enter  the 
archegonium,  those  of  Ferns  by  Strasburger  to  penetrate  to  the  oosphere  itself. 
It  must  therefore  be  inferred  from  analogy  that  in  Phanerogams  a  union'  takes 
place  of  some  substance  contained  in  the  pollen-tube  with  the  oosphere ;  and  in 
certain  Ascomycetes  of  the  contents  of  the  polUnodium  with  those  of  the  asco- 
gonium.  It  would  be  impossible  otherwise  to  explain  how  in  these  cases  the 
mere  contact  of  the  often  thick-walled  pollen-tube  with  the  embryo-sac,  or  of 
the  poUinodium  with  the  ascogonium,  can  effect  fertilisation,  while  in  the  former 
cases  such  a  complete  coalescence  of  the  male  and  female  cells  is  necessary  for 
this  purpose. 


'  [See  pp.  524  anil  584.] 
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The  product  resulting  from  the  sexual  process  is  usually  a  new  individual  which 
has  no  longer  any  organic  connexion  with  the  mother-plant  and  is  not  united  with 
it  in  growth.  This  is  the  case  in  the  Muscinese,  where  the  sporogonium,  and  in 
Phanerogams,  where  the  embryo,  is  nourished  by  the  mother-plant,  but  there  is  no 
actual  continuity  of  tissue  between  it  and  the  latter.  The  case  is  quite  different  in 
the  Asconiycetes  {e.  g.  Lichens,  Europium,  and  Erysiphi)  and  Floridere,  in  which  the 
female  organ  itself  or  certain  cells  connected  with  it  are  stimulated  by  fertilisation 
to  produce  new  shoots  from  which  resuits  a  fructification  containing  spores;  and  it  is 
only  after  the  completion  of  this  complicated  vegetative  process  brought  about  by  the 
sexual  union  that  the  spores  are  set  free,  and  produce  new  individuals  independent 
of  the  mother-plant. 

The  feproductive  cells  of  the  same  plant  do  not  differ  merely  externally ;  the 
inability  of  either  to  originate  by  itself  a  new  course  of  development,  while  the  two 
together  produce  an  organism  capable  of  germinating,  shows  that  the  properties  of 
the  two  are  complementary  to  one  another.  The  sexual  differentiation,  or  difference 
between  the  male  and  female  cells,  which  is  neutralised  by  the  act  of  ferlilisation, 
has  been  preparing  for  a  longer  or  shorter  time ;  the  product  which  is  the  result  of 
fertilisation  owes  its  formation  to  the  neutralising  of  the  sexual  difference.  In  the 
Conjugate  and  other  families  where  the  sexual  difference  is  extremely  small  or  even 
imperceptible,  the  preceding  processes  of  development  are  also  alike ;  the  mother- 
cells  of  the  two  kinds  of  reproductive  cells  even  to  the  earliest  stage  of  development 
do  not  differ  externally.  But  where  the  sexual  diiference  is  greater,  it  is  fore- 
shadowed in  the  preceding  processes  of  development.  Thus  the  mother-cell  of  the 
antherozoids  of  (Edogonium  differs  in  form  from  that  of  the  oosphere ;  and  this  is 
especially  seen  in  the  development  of  the  CEdogoniese  with  '  dwarf  males,'  In 
Vaucheria  the  branches  which  subsequently  become  antheridia  differ  at  an  early 
stage  from  those  which  form  the  oogonia.  The  sexual  differentiation  of  the  Cha- 
raceje  is  inaugurated  long  beforehand  in  the  great  difference  in  the  development  of 
the  antheridia  and  carpogonia,  the  position  of  the  two  organs  on  the  leaf  being  also 
different  In  the  Muscine^e  and  Vascular  Cryptogams  again  preparation  is  made 
for  the  production  of  the  antherozoids  and  oospheres  in  different  ways  by  the 
.  formation  of  antheridia  and  archegonia.  But  this  preparation  is  not  confined  to 
the  difference  between  the  organs  which  immediately  produce  the  reproductive 
cells;  in  many  classes  of  plants  it  even  goes  back  so  far  that  the  entire  plant 
developes  as  a  male  or  as   a  female  plan     p     1      ng     nly  ra  1  n  y  f  m  le 

reproductive  organs.     This  occurs  in  som     Algje    Ch  «    M  ae      nd    n 

the  prothallia  of  some  Vascular  Cryptogam 

The  fact  is  very  remarkable  that  fhip  nmyb  dbk         le 

development  of  the  individual  even  beyond  himmkdbjiam  nf 
generations.    In  the  Algse,  Characeffi,  Mu         a;  F  nd  Eq  ^     h    n       e 

of  the  alternation  of  generations  is  such  h       h  1  d  ff  d      1  p  d 

in  one  of  the  generations,  while  it  is  neu     1     d    n   h      u         I  n  In 

these  cases  therefore  we  have  a  sexual  ad  Ign  nnh  f 

the  development  of  the  same  individual       ha  Ig  hpdt 

of  the  neutralising  of  the  sexual  differen        n    f  h  1  a  Th        o 

generations,  especially  in  Muscinese  and  Vascular  Crjptogams,  differ  essentiallj  fiorfi 
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3  still  smaller  prothillium  and  antherozoids  The  prepirition  for  this  sexual  difference 
IS  manifested  even  m  the  asexual  generation  bj  the  sporangia  producing  onlj  female 
■or  only  male  spores  according  lo  their  position  In  Sihinta  the  preparation  goes 
back  slill  further,  each  entire  cipsulc  producing  only  female  or  only  male  sporangia. 
It  has  already  been  pointed  nut  how  m  Phanerogams  the  embrjo-sac  corresponds  to 
the  large,  the  pollen  grain  to  the  small  spore  of  heterospornua  Vascuhr  Cryptogams, 
and  the  endosperm  to  the  prothallium  The  endoiperm  of  Phanerogams  no  longer 
appears  as  an  independent  structure  but  only  as  a  constituent  p^rt  of  the  preceding 
generation,  in  Angiosperms  it  is  often  from  the  first  rudimentary  and  sometimes 
entirely  absent,  and  the  female  sexual  cell,  the  oosphere  is  then  the  immediate  pro- 
duct of  the  embr>o-'iac  which  corresponds  to  the  large  spore  The  true  sexual 
generition  therefore  becomes  less  and  less  important ,  is  such  it  becomes  devoid  of 
significance,  while  the  sevual  diflerentiation  is  carried  back  to  the  spore  formmg 
generation,  in  i^hich  it  determines  the  formation  of  the  two  kinds  of  reproductive 
organs,  (  e  the  pollen-sacs  and  ovules,  the  flower  mav  be  exclusively  male  or 
femile  (monoecious  diclinous),  and,  where  the  plant  is  diceaous,  the  sexual  differ- 
enhation  affects  the  entire  individual,  which  is  either  male  or  female  In  all  Crjpto- 
gams,  on  the  other  hand,  dicecism  is  only  di«pla)ed  m  one  (the  sexual)  generation 
jn  the  course  of  development  of  the  individual 

The  process  of  development  brought  about  b)  fertilisation  or  the  union  of  the 
jeproductive  cells  is  usually  not  confined  to  the  resulting  embrvo,  but  '.hows  itself 
also  m  a  variet)  of  changes  m  the  mother  plant  itself  In  Coleockiele  the  oospore 
becomes  mvested  with  a  cortical  kjer,  m  Charace=e  the  enveloping  tubes  of  the 
firpogonium  grow  after  fertihsition,  their  coils  increase  in  number,  and  their  mem- 
branes become  hgnilied  on  the  mside,  m  the  HepatiC'«  a  variety  of  envelopes  arise 
/rom  the  mother  plant ,  m  the  Mosses  the  vagmule  and  in  all  Muscineffi  the  ctlyptra 
■becomes  developed,  the  tissue  of  the  prothallium  which  surrounds  the  growing 
embrjo  of  Ferns  grows  at  first  rapidlj  along  with  it,  in  Phanerogams  the  entire 
development  of  the  seed  and  fruit  depends  on  the  changes  caused  in  the  mother 
plant  by  the  fertilisation  of  the  oosphere  The  two  most  remarkable  cases  occur  m 
^loride*  and  Ascomyceles  on  the  one  hand,  and  in  Occhidete  on  the  other  hand. 
In  the  former  fertilisation  does  not  m  general  directly  ciuse  the  formation  of  an 
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fembryo,  but  brings  about  processes  of  growih  in  the  mother-plant,  in  consequence  of 
which  the  cystocarp  is  produced  in  FlorJde;e  and  the  spore-fruit  in  Ascoinycetes.  In 
the  Orchidese  the  action  of  the  pollen-tube  is  visible  on  the  mother-plant  even  before 
fertilisation;  Hildebrand  has  shown  (Dot.  Zeit.  1863,  p.  341)  that- in  all  Orchids 
which  he  examined  the  ovules  were  not  in  a  condition  to  be  fertilised  at  the  time  of 
pollination;  and  in  some  (^s,  Dendrobium  nohile)  they  have  not  even  begun  to  be 
formed ;  it  is  only  during  the  growth  of  the  pollen-tubes  through  the  tissue  of  the 
stigma  and  style  that  the  ovules  become  so  far  developed  that  fertilisation  can  at 
length  be  effected.  In  the  Orchidece  the  formation  of  the  female  cell  is  therefore  a 
result  of  poUi nation ;  it  is  determined  by  (he  action  of  the  male  pollen-tube  on  the 
(issue  of  the  mother- plant'. 

Wheil  the  embryo  is  being  developed  within  the  mother-plant,  as  in  the  Muscinete 
and  Vascular  Cryptogams,  it  obtains  its  food-materia!  from  the  plant ;  and  this  is 
connected  in  the  Vascular  Cryptogams  with  complete  exhaustion  and  the  dying  off 
of  the  prothallium.  In  Phanerogams  not  only  does  (he  embryo  usually  acquire  a 
considerable  development,  even  within  the  fruit,  but  a  great  quantity  of  the  pro- 
ducts of  assimilation  is  also  withdrawn  from  the  plant  by  (he  accumulation  of 
reserve- material  in  the  seed  and  by  the  development  of  Che  fruit;  in  many  cases 
the  plant  itself  is  also  completely  exhausted,  all  its  disposable  formative  sub- 
stances are  given  up  to  the  seed  and  the  fruit,  and  it  dies  off  (inonocarpous 
plants).  It  is  clear  that  all  these  changes  and  the  various  movements  of  materiah 
in  the  mother-plant  connected  with  them  are  results  of  fertilisation,  results  of 
immense  importance  caused  by  the  union  of  microscopic  cells,  imponderable  by 
the  best  balance. 

(a)  A  careful  consideration  of  the  phenomena  occurring  among  the  Thallophytes 
would  probably  lead  to  the  formation  of  a  lolerablj'  clear  idea  of  the  mode  of  the 
Development  ef  Sexuality  in  the  Vegetable  Kingdom.  The  space  at  our  disposal  will 
only  suffice  for  a  few  general  remarks. 

The  labours  of  Pringsheim '^j  which  open  up  the  way  for  a  compiete  theory  of 
sexuality  in  the  future,  seem  to  indicate  that  the  conjugation  of  the  motile  cells  of 
Fanderina,  Ulothrix,  &c.  is  one  of  the  primitive  phases  of  a  sexual  act.  If  this  be  so, 
then  it  follows  that  a  sexual  coalescence  of  cells  first  made  its  appearance  when  the 
Thallophytes  had  already  attained  a  considerable  degree  of  morphological  and  of  phy- 
siological development.  The  same  result  is  reached  by  a  consideration  of  the  fact 
that  sexuality  is  apparently  absent  in  the  Hydrodictyeae '  and  in  the  immediate  allies 
of  Vlothriv,  and  that  comparatively  highly -developed  forms,  such  as  Che  Rivularie'se, 
exist  among  the  Protophyta  in  which  no  trace  of  sexuality  can  be  discovered. 

If  it  be  also  remembered  that  the  simplest  forms  of  sexuality,  conjugation  and  the 
formation  of  zygospores,  occur  in  very  different  groups  of  the  Thallophytes,  and  that 
the  mode  of  conjugation  varies  with  the  form  and  habit  of  the  plants  and  that  it  may 
be  very  different  in  different  groups,  the  thought  is  at  once  suggested  that  the  sexoal 
coalescence  of  cells  may  have  commenced  at  different  times  and  quite  independently  in 


'  [For  a  summary  of  the  instances  in  which,  pollen  appear  to  hat-e  influenced  the  fruit  of  the 
mother-plant,  see  C.J.  Maximowiez.Journ.  Roy.  Hort,  Soc,  new  series,  vol.  III.  p.  161;  and  Darwin, 
Animals  and  Plants  under  Domestication,  vol.  I.  p.  397.] 

'  Monatsber.  d.  k.  Akad.  tier  Wiss.  in  Berlin,  1869. 

'  [Conjugation  has  since  been  observed  in  Hydrodklyon  (soc  page  if').] 
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different  groups  of  Thallophyles.  The  variety  of  the  modes  in  which  the  auxospores  are 
formed  among  the  Diatornefe  indicates  that  conjugation  has  become  developed  here  from 
the  first  quite  independently  of  the  connection  of  this  group  with  the  Conjugata;  and 
in  the  latter  group  •«>  min)  modes  ot  the  formation  of  zygospores  occur  that  possibly 
the  development  of  sexuality  began  in  seieral  different  species  included  within  it.  The 
mode  in  which  conjugation  takes  piace  among  the  Zygomycetes  seems  to  indicate  that 
the  sexual  act  originated  independentl\ ,  and  it  is  still  difficult  to  trace  a  historical 
connection  between  the  fertilisation  ot  the  Ascomycetes  and  of  the  Florideae  and  that 
of  any  other  group  of  Thalloph)tes  It  is  more  feasible,  as  Pringsheim  has  already 
suggested,  to  regaid  the  fertilisati  n  of  the  (Eiog  '  le  a  d  of  the  Vaucheriace^  as 
being  a  further  development  of  th  o  j  g  t  f  tw  motile  cells.  If,  as  appears 
to  be  the  case,  a  sexual  act  orig      tdtdff        tt  i  different  Thallophytes,  a 

series  of  further  developments  sh     Id  b     f       d  t  esp  nd  to  each  distinct  origin, 

but  at  present  it  is  impossible  to  sa    f  h    h     1  thes      rigirs  the  formation  of  the 

archegonia  of  Mosses  and  ol  Vascul     C  ypt  g  d  tl    t    f  the  reproductive  organs  of 

Phanerogams  has.  been  evolved 

The  question  arises  with  reference  to  the  simplest  phases  of  sexuality,  as  to  whether 
conjugation  was  effected  primarily  in  consequence  of  a  sexual  differentiation  of  the  cells, 
or  whether  conjugation  preceded  any  sexual  differentiation  and  that  this  only  made  its 
appearance  as  a  secondary  phenomenon  when  plant-forms  had  become  more  highly  deve- 
loped^. The  former  of  these  two  alternatives  is  supported  by  those  phenomena  which 
indicate  a  mutual  action  at  a  distance  of  the  conjugating  ceils  and  which  have  been  fre- 
quently mentioned  by  observers  as  a  sort  of  mutual  search.  The  latter  is  borne  out  by  the 
consideration  that  the  conjugating  processes  are  developed  from  those  points  only  of  the 
mycelium,  in  Zygomycetes  and  in  many  Ascomycetes,  at  which  they  are  in  contact.  It 
is  known  that  similar,  but  quite  infertile,  conneclious  occur  between  mycelial  filaments, 
and  there  are  good  grounds  for  believing  (Sect.  i6)  that  these  phenomena  of  growth  are 
induced  by  pressure;  and  therefore  it  may  be  reasonably  inferred  that  the  growth  of  the 
conjugating  filaments  and  the  formation  of  zygospores  is  a  further  development  of  the 
sterile  coalescence  of  mycelial  filaments  (in  the  form  of  the  letter  H)  which  is  simply  the 
result  of  pressure.  If  it  be  admitted  that  the  sexual  coalescence  of  cells  originated  at 
different  times  and  In  different  plant-forms,  it  may  also  be  admitted  that  in  one  case 
a  sexual  differentiation  first  took  place  which  rendered  a  coalescence  necessary,  while  in 
other  cases  the  processes  of  growth  initiated  by  pressure  resulted  in  the  developing  of 
conjugating  organs  which  were  sexually  differentiated, 

(b)  Parthenogeneiis'  is  the  term  used  to  express  the  fact  that  plants  which  possess 
normal  male  organs  of  fertilisation  "and  in  which  embryos  are  developed  by  the  fer- 
tilisation of  the  oospheres  may  occasionally  develope  embryos  from  female  cells  which 
have  not  been  fertilised,  bnt  which  are  nevertheless  capable  of  complete  development. 
This  phenomenon,  which  is  of  frequent  occurrence  in  the  Animal  Kingdom,  especially 
among  Insects,  has  been  satisfactorily  observed  in  only  a  few  c  ses  among  plants  The 
doubts  as  to  the  parthenogenesis  of  the  Cmhbogyne  ilkifolia  wh    h  It      t  d       E      pe 

still  exists.      It  appears,  however,  that  Chara  crinita  is  rep  t  d  pi    es 

by  the  female  form  only,  and  that  nevertheless  it  bears  an  ei      m  mb         f    p 

which  are   capable   of  germination.      The   most  satisfactory    as         t   p    th       g 
are   those  of  Safrolegnio  ferax  and  Achlya  palyandra '.      P      g  h         has     h  th  t 

their  oospheres  are  usually  fertilised,  but  that  frequently  thei   g  1  d       1  p 

'  [Fiom  the  fact  that,  as   in   Ulathrix   for  instance,  the  microz     g       d  m  d 

germinate  as  well  withont  as  with  previous  conjugation,  it  appears  ji     b  bl     th      th     1  h 

»  Braun.Die  Parthenogenesis  bd  Pflanjen,  ill  [len  Abhandl.  der  Berl.  Akad.  1856,— Pdngslieim, 
Jahtb.  f.  Wiss.  Bot.  IX.     [See  page  593.] 

=   [From  de  Bary'a  researches  it  appears  that  parthenogenesis  is  the  rule  in  the  Saprolegni^.j 
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new  plants  without  fertilisation  and  without  any  difference  in  the  mode  of  their  germination 
from  that  of  true  oospores,  with  this  single  exception,  that  the  quiescent  period  of  the 
parthenogenetic  cells  is  shorter, 

Pringsheim's  account  of  the  development  of  the  parthenogenetic  forms  of  these 
plants  which  is  appended  here  is  of  great  interest ; — '  The  successive  generations  both 
of  Saprolegnia  fcrax  and  of  Acblya  polyanJra  produced  by  cultivation  become  smaller, 
and  the  number  of  male  filaments  diminishes  in  each  succeeding  generation  until  they 
finally  cease  to  be  formed,  and  thus^  the  montecious  forms  become  replaced  by  purely 
female  ones,'  These  observations  show  that  as  the  result  of  continued  cultivation  combined 
with  the  action  of  certain  unfavourable  conditions  which  accompany  every  attempt  at 
cultivation,  the  formation  of  male  sexual  organs  at  length  ceases.  Possibly  it  is  in 
consequence  of  the  action  of  similar  adverse  conditions  upon  its  internal  constitution 
that  Chara  criniia  ceases  to  form  antheridia  after  having  grown  for  a  considerable  time 
in  certain  waters.  Possibly  also  these  internal  disturbances  may  affect  the  nature  of  the 
female  cells,  though  they  are  developed  in  the  usual  external  form,  so  that  they  are  not 
sexually  differentiated  or  only  imperfectly  so.  In  this  case  the  effect  would  be  one  of 
the  obliteration  of  the  existing  sexual  differentiation,  or  in  other  words,  a  case  of 
retrograde  metamorphosis,  and  this  is  quite  as  conceivable  as  the  first  origin  and  the  subse- 
quent development  of  sexuality.  In  future  investigations  of  the  subject  attention  ought 
to  be  paid  to  the  question  whether  the  oospheres  developed  upon  plants  of  Saprolegnia 
ferax  and  of  Acblya  pdytxnJira  which  bear  antheridia  also  are  capable  of  parthenogenetic 
development,  or  whether  this  property  belongs  only  to  oospheres  developed  by  |)lants 
destitute  of  antheridia'.  However  difficult  it  may  be  to  answer  this  question  by  experi- 
ment, it  must  be  done  before  it  can  be  possible  to  decide  whether  or  not  the  development 
of  the  male  organs  deprives  the  oospheres  of  their  power  of  independent  development,  so 
that  in  proportion  as  the  devefopment  of  the  male  element  diminishes  the  paftheno- 
genetic  property  increases.  Since  we  may  assume  that  the  essential  object  of  fertilisation 
is  to  give  to  the  oosphere  something  which  it  lacks  but  which  is  necessary  for  its  further 
development,  a  parthenogenetic  oosphere  must  possess,  independently  of  fertilisation,  that 
which  it  requires  for  its  further  development,  that  is,  it  is  not  seSually  differentiated,  and 
this  probably  because  the  lUfferentiation  of  the  male  element  has  been  suppressed. 

(c)  The  Effects  ef  Sexual  Geaiescence.  Since  nearly  all  plants,  and  wore  especially 
the  majority  of  Thallophytes,  are  capable  of  reproducing  themselves  asexually,  and  since 
this  is  the  usual  mode  of  reproduction  in  many  species,  it  may  well  be  asked  what  the 
significance  of  sexual  reproduction  really  is.  If  sexuality  is  merely  concerned  in  the 
development  of  new  individuals,  it  is  difScult  to  understand  why  the  asexual  reproduction 
should  not  suffice.  This  question  is  of  especial  interest  vrith  reference  to  those  lower 
forms  of  Thallophytes  which  reproduce  themselves  through  many  generations  by  asexual 
cells  which  may  be  either  motile  or  non-motile  ;  with  reference  to  many  Phanerogams, 
for  instance,  the  Conifers,  it  seems  as  if  without  sexuality,  which  induces  the  formalioa 
of  the  seed   no  reproduction  would  be  possible 

The  significance  of  'ie\uality  is  seen  in  quite  another  light  when  those  plants  are 
considered  which  exhibit  a  distinct  alternation  of  generations  such  'is  the  Ferns, 
EquisetaceiE  the  Mosies  and  others.  In  Sect  9  of  Book  !  I  endeaioured  to  show 
that  the  ■jlternation  ot  generations  wherever  it  occurs  in  the  \  egetable  Kingdom, 
IS  produced  b)  sexualitj  and  thit  without  it  no  such  alternation  is  possible  In  all 
cases  of  well  marked  alternation  of  j,enerations  an  crganism  which  finally  bears  sexuil 
organs  is  developed  from  a  spore  which  has  been  produced  asftxually  fertilisat  on 
mitiates  a  new  process  ot  deielopment  which  closes  with  the  development  of  the  spore 
Before  fertilisation,  there  is  merely  the  orgamsn  developed  from  the  spore  the  first 
or  sexual  generition     after  fLrtihsttion  the  second  or  asexual  generation  is  dc\eloped 

•  [Accotding  to  de  Barj  s  lecei  t  mvcit  £a«o  s  Ihe  for  ne   of  thtse  t   o  answers  to  Iht  ]  les  ion 
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which  bcLirs  spores.  If  we  compare  the  histological  and  the  morphological  development 
of  the  two  generations,  it  becomes  strikingly  evident,  among  the  Vascular  Cryptogams 
at  least,  that  the  generation  which  has  been  developed  as  the  result  of  fertilisation 
is  much  more  highly  organised  than  the  generation  (prothalliura)  which  has  been 
developed  from  the  spore.  In  the  Mosses  it  might  appear  that  the  contrary  is  the 
.  case,  for  in  these  plants  the  sexual  generation  is  the  one  which  grows  independently  and 
which  Is  differentiated  into  leaf  and  stem  ;  however,  the  histological  differentiation  of  the 
sporogonium  is  far  more  perfect  than  that  of  the  moss-plant,  so  that  it  is  true  for  Mosses 
also  that  the  product  of  fertilisation  is  the  more  highly  organised  of  the  two  generations. 
All  these  cases  of  evident  alternation  of  generations  lead  to  the  conclusion  that 
a  process  of  development  of  a  more  complex  kind  is  initiated  by  the  sexual  act. 
To  a  certain  extent  this  is  true  also  of  the  Zygomycetes,  the  zygospore  being  a  more 
highly  organised  cell  than  any  of  those  of  the  mycelium,  and  it  can  scarcely  be  doubted 
with  reference  to  the  GoleochEeteze,  the  Characes,  and  the  Floridese  that  the  sexually- 
formed  spore-fruit  is  histologically  the  most  complex  product  of  these  plants.  Although 
the  same  cannot  be  said  with  reference  to  the  Oysporeic  and  to  the  Conjugatac,  still  this 
by  no  means  affects  the  significance  of  the  sexual  act  for  other  plants,  A  complete 
discussion  of  the  facts  would,  on  the  contrary,  probably  show  that  the  higher  develop- 
ment of  the  PandorineaE,  of  the  Conjugate,  and  of  the  DiatomaeeK  when  compared  with 
the  Protophyta  has  been  probably  promoted  by  the  evolution  of  sexuality,  even  though 
tl.is  is  not  expressed  by  a  well-marked  alternation  of  generations.  The  Phanerogams 
afford  a  similar,  though  exactly  opposite  case:  in  them  the  alternation  of  generations  is 
exhibited  in  only  a  rudimentary  form,  for,  in  the  course  of  the  development  of  these 
plants  from  some  primitive  type  allied  to  the  Vascular  Cryptogams  the  sexual  generation 
(prothallium)  has  been  reduced  to  its  simplest  expression.  Whereas  in  the  Oosporeas 
the  sexual  generation  is  the  predominating  one  and  the  product  of  fertilisation  is  but 
imperfectly  developed.  In  Phanerogams  It  is  the  generation  produced  In  consequence 
of  a  seuual  act  which  comes  to  be  completely  developed,  and  it  is  the  sexual  generation 
(Prothallium,  Endosperm)  which  is  rudlnnentary.  In  the  latter  case  we  have  the  end,  in 
the  former  the  beginning  of  pbytogenetic  series ;  in  the  latter  the  alternation  of  genera- 
tions is  disappearing,  in  the  former  it  is  in  the  first  stage  of  its  evolution.  If  therefore 
we  desire  to  understand  the  significance  of  sexuality  in  the  history  of  the  development 
of  a  single  plant  or  in  that  of  the  whole  Vegetable  Kingdom,  we  must  fix  our  attention 
upon  those  groups  in  which  an  alternation  of  generation  is  evident;  in  such  cases 
(Vascular  Cryptogams,  Musclne^)  the  effect  of  sexuality  is  obvious.  We  may  then  con- 
elude  that  the  coalescence  of  the  male  with  the  female  cell  causes  the  development  of  aa 
organism  which  Is  more  highly  differentiated  both  histologically  and  morphologically. 

Sect.  33.  Influence  of  tlie  origin  of  the  reproductive  cells  on  the 
product  of  fertiliaatiou.  The  male  and  female  cells  or  the  organs  that  produce 
them  are  formed  at  a  greater  or  lesser  distance  from  one  another  on  the  same 
plant,  or  on  different  individuals  of  the  same  species.  The  male  and  female  cells 
of  the  same  species  may  thus  be  more  or  less  nearly  related  to  one  another  as 
having  been  immediately  or  more  remotely  derived  from  the  same  parent-cell.  The 
question  arises  what  influence  this  genetic  relationship  of  the  male  and  female  cells 
exercises  on  the  product  of  fertilisation.  At  present  we  are  unable  to  lay  down  any 
general  law  in  this  respect ;  but  the  overwhelming  weight  of  evidence  points  to  the 
law  that  the  sexual  union  of  nearly  related  cells  is  detrimental  to  the  preservation 
of  the  plant,  and  in  general  the  more  so  the  further  the  morphological  and  sexual 
differentiation  of  the  species  has  advanced.  Only  in  a  few  plants  of  low  organ- 
isation does  a  fertile  union  take  place  between  sister-cells,  as  in  Jikynchonema 
among   Conjugaise.       But   in    most  Algfe    and  Fungi    (as  Spirogyra,  (Edogonium, 
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I^'ucus  platycarpus,  &c.)  the  reproductive  cells  of  the  same  plant  are  notso  closely 
related,  and  especially  where  fertilisation  is  caused  by  actively  or  passively  motile 
antherozoids,  there  being  at  least  a  possibility  of  their  meeting  with  oospheres  of 
more  remote  origin.  Even  in  Vaucheria,  where  the  antheridium  is  the  sister-cell  of 
the  oogonium,  the  curving  of  the  former,  and  the  direction  in  which  the  antherozoids 
escape,  indicates  that  fertilisation  does  not  usually  take  place  between  the  contiguous 
organs,  but  between  those  more  remote  or  even  between  (hose  produced  by  different 
individuals.  The  tendency  for  fertilisation  to  occur  only  between  reproductive  cells 
of  as  remote  relationship  as  possible  within  the  same  species  is  manifested  in  a  great 
variety  of  contrivances,  the  simplest  being  that  on  each  individual  of  the  sexual 
generation  only  male  or  only  female  organs  are  produced.  Thus  between  the  two 
uniting  reproductive  cells  there  lies  the  entire  course  of  development  of  the  two 
plants  when  the  plants  are  derived  from  the  same  mother-plant,  and  a  still  longer 
course  of  development  when  they  are  derived  from  different  mother-plants.  This 
distribution  of  the  sexes,  which  is  generally  termed  Diacism,  occurs  in  all  classes 
and  orders  of  the  vegetable  kingdom,  showing  that  it  is  a  useful  contrivance  for  the 
maintenance  of  different  species.  Thus  we  find  this  phenomenon  in  many  AlgEe,  as 
in  most  FucaceEe,  in  some  Saprolegnie^e  and  Characeae  {Niklla  syncarpa,  &c.),  in 
many  Muscineje,  in  the  prothallium  of  many  Ferns  {Osmunda  regalis)  and  of  most 
EquisetaceEC,  and  in  many  Gyninosperms  and  Angiosperms. 

If  the  plant  which  produces  both  kinds  of  sexual  organs  is  large  or  at  least 
highly  differentiated,  distance  in  the  relationship  of  the  two  kinds  of  reproductive 
cells  is  still  attained  by  the  male  and  female  organs  being  produced  on  different 
branches ;  and  this  phenomenon,  which  is  in  general  termed  Monacism,  is  also 
common  in  the  vegetable  kingdom,  as  in  some  Aigfe,  many  Muscine^,  and  a  very 
large  number  of  Gymnosperms  and  Angiosperms'. 

But  another  condition  which,  according  to  the  law  just  stated,  should  appa- 
rently be  very  unfavourable,  is  also  of  very  common  occurrence  in  the  vegetable 
kingdom,  namely,  that  the  reproductive  organs  are  in  close  contiguity,  and  the  sexual 
cells  are  therefore  of  near  even  if  not  always  of  the  closest  affinity.  Thus,  for 
example,  the  same  cellular  filament  of  (Edogonium  produces  both  male  and  female 
cells,  the  same  Voucher ia-iA2.vaent  antheridia  and  oogonia  in  close  proximity,  the  same 
conceptacle  of  Fucus . platycarpus  produces  both  oogonia  and  antheridia;  the 
carpogonia  of  most  Characese  are  produced  close  beside  the  antheridium  on  the  same 
leaf;  the  archegonia  and  antheridia  of  some  Mosses  {species  oi  Bryum)  are  collected 
together  in  hermaphrodite  receptacles,  the  prothallia  of  many  Ferns  produce  both 
kinds  of  reproductive  organs  side  by  side  ;  in  the  flowers  of  Angiosperms  herma- 
phroditism is  the  typical  and  most  common  arrangement.  But  in  all  these  cases 
where  the  aim  is  apparently  to  favour  the  union  of  sexual  cells  nearly  related  to  one 
another,  there  are  at  the  same  time  contrivances  which  hinder  the  male  cells  from 
reaching  the  contiguous  female  cells  ;  or  at  least  to  render  it  possible  that  this 
should  not  always  happen.  This  fact  was  first  recognised  by  KSlreuter  (1761)  and 
Karl  Conrad  Sprengel  {1793),  and  has  been  further  illustrated  recently  by  Darwin, 


'  The  arrangemetit  of  the  reproductive  organs  termed  Polygamy  i; 
o  hinder  pcrpelual  self-ferlilisa^ioii  of  a  flower  or  of  an  individual. 
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Hildebrand,  and  others'.  In  spite  of  the' hermaphrodite  flowers  of  Phanerogams 
and  the  similar  sexual  arrangements  of  Cryptogams,  it  appears  very  certain  that  the 
union  of  nearly  related  sexual  cells  must  be  unfavourable  to  the  perpetuation  of  most 
plants,  since  such  various  and  often  astonishing  means  are  provided  in  order  to 
prevent  self-fertilisation  when  the  sexual  organs  are  contiguous. 

One  of  the  simplest  and  commonest  means  for  ensuring  cross- fertilisation  is 
Dichogamy,  i.  e.  the  arrangement  by  which  the  two  kinds  of  reprod«ctive  organs, 
when  they  are  contiguous,  are  mature  at  different  times,  so  that  the  sexual  cells 
which  are  in  dose  contiguity  and  are  therefore  nearly  related  are  not  capable  of 
performing  their  respective  functions  simultaneously.  The  male  cell  must  in  these 
cases  unite  with  a  female  cell  in  a  different  group  of  sexual  organs.  This  is  in  fact 
usually  the  case  with  the  hermaphrodite  flowers  of  Angiosperms,  as  also  with  most 
prothallia  of  Ferns  and  the  moncecious  Charace^e,  in  which  the  carpogonium  is  situated 
close  to  the  antheridium  but  becomes  mature  only  at  a  later  period  (this  is  very 
k    glj    1  Ale!!  ft     I  )     I  h    m  n    > 

flpl!  h  mfhfl  fdhgm        Ph  gmf        hh 
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p  tlylldhg  p  i  N     I        dphll       fF  hmly 
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1       pi 


by   1      h  Ip     f 
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fl  f     dff  d    d    1     f   h       m 

1  ph  !         11     h        ph    d 

'  K.  C.  Sprengel  (Das  neii  entdeckte  Geheimniss  der  Natur  im  Bau  und  in  der  Befruchtung  der 
Blumen,  Berlin,  1793,?  43)  first  gave  expression  lo  the  pregnant  idea, '  Since  a  large  number  of 
flowers  are  didinous  and  probably  at  least  as  many  hermaphrodite  flowers  are  diehogamous. 
Nature  appears  to  have  designed  that  no  flower  shall  be  fertilised  by  its  own  pollen.'  Darwin  (On 
the  Vatioas  Contrivances  by  which  Oichids  are  Fertilised,  London  1861,  p.  359)  says,  'Natnre 
tells  us  in  tbe  inost  emphatic  manner  that  she  abhors  perpetual  self-feitllisation ; '  and  again,  'No 
termaphrodite  fertilises  itself  for  a  perpetuity  of  generations.'  [This  last  obsenation  was  first 
made  by  Andrew  Knight  in  1799  (Phil.  Trans,  p.  202).— See  Darwin,  The  Effects  of  Cross-  and 
■  Self-Fertilisation  in  the  Vegetable  Kingdom,  1876.] 

'  [Ueber  die  Befnichtnng  von  Cerydalh  cava,  Jahib.  fiir  wisa.  Hot.  1S66.] 
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physiologically  dioecious.  J,  Scott  states  that  Oiuidium  vticrochilum  exhibits  the 
same  phenomena,  the  pollen  not  being  potent  on  the  stigma  of  the  same  flower 
while  cross -pollination  ensures  fertilisation';  the  pollen  and  stigma  are  therefore 
without  function  except  to  the  stigma  and  pollen  of  a  different  (lower.  Similar  phe- 
nomena have  been  described  by  Gartner  in  the  case  o^  Lobelia  fulgens  and  Verbascum 
titgrum,  and  in  species  oS.  Btgonia  b)  Fntz  Muller* 

No  less  remarkable  is  another  contrivance  for  the  mutual  ferlihsation  of  difterent 
individuals  of  plants  with  hermaphrodite  flowers — Dimorphtim'  (or  Heterostyhim), 
consisting  m  ■\  diff"erence  between  diff'erent  individuals  of  the  same  species  with 
reference  to  their  reproductive  organs  In  one  indiMdual  the  flo«ets  aU  have  a  long 
btiie  and  short  filaments,  while  in  another  individual  all  the  flowers  hi\e""a  short  style 
ind  long  filaments,  as  in  Ltnum  pertnne,  Primtda  sinensis,  and  other  species  of 
Primula  It  sometimea  happens  also,  as  in  Lythrttm  Sa'iiana  and  man)  spet.ies  of 
Ox-ahs*,  that  the  reproductive  organs  m  the  flowers  of  different  specimens  of  the 
same  species  exhibit  three  diflerent  relative  lengths  {Tnniorpkism),  ^sTt  being  \a 
intermediite  length  of  stjle  between  the  long  stjled  and  the  short  st>led  forms  In 
these  cisef  of  dimorphism  and  fnmorphism  Darwin  and  Hildebrand  have  shown  that 
fertilisation  is  possible  only  {m  the  case  oi  Lmum  ptimnt)  or  at  least  has  the  best 
result  when  the  pollen  of  the  long  stjled  flower  is  cirned  to  the  short  stjled  stigma 
of  another  plant,  and  iia  zetsd^  Where  there  are  three  different  lengths  of  stjle, 
fertihsalion  succeeds  best  when  the  pollen  is  earned  to  the  stigma  which  stands  at  the 
same  height  in  another  flower  as  the  anthers  from  which  the  pollen  came  It  vviU  be 
seen  that  this  is  but  an  expansion  of  the  same  rule 

While  in  the  verj  numeious  diclinous,  dichogamous,  dimorphic,  and  trimorphic 
flowers,  insects  cany  pollen  from  one  flower  to  another,  it  is  compirUivelj  rare  for 
cross  pollination  to  lake  place  without  the  help  of  insects  This  occuis  m  some 
UrticaceiB,  s&  PiUa  and  Broussomha,  where  the  anthers  emerge  suddenly  from  the 
bud  and  scatter  their  light  pollen  in  the  air  like  a  fine  cloud  of  dust,  which  is  then 
blown  to  the  female  organs  of  other  flowers  In  the  Rje  the  arrangement  is  still 
simpler,  the  flowers  open  separatelj,  usually  in  the  morning,  the  filaments  elongate 
rapidlj  and  push  the  iipe  anthers  out  of  the  pales,  the  anthers  then  hang  down  at 
the  end  of  the  long  fiUments  open,  and  allow  the  heavy  jollen  to  fall  down  thus 
reaching  the  stigmas  ol  other  floviers  lower  down  in  the  same  spike  or  in  neigh 
bounng  spikes  being  assisted  m  tins  bi  the  oscillations  of  the  haulm  under  the 
influence  of  the  wind  °. 


'  According  to  Fritz  Miiller  (Bot.  Zeit.  i368,  p.  1 14),  in  some  species  of  Omndium  the  pollen- 
masses  and  stigmas  of  the  same  individual  have  a  positively  poisonous  effect  on  one  another. 

'  Fritz  MuUer,  Bot.  Zeit.  1864,  p.  629. 

=  [Darwin,  On  the  Two  Forms,  or  Dimorphic  Condition,  in  the  Species  of  Primula,  Joutn. 
Proc.  Linn.  Soc.  Bot  1862,  p.  77  ;  ditto,  On  the  Existence  of  Two  Forms,  &c.  of  the  Genns  Limm, 
ibid.,  1863,  p.  65;  ditto.  On  Trimorpbism  \a  Lythrum  Salicaria,  ibid,.  1S64.  p.  i5(i;  ditto,  On  the 
Character  and  Hybrid-like  Nature  of  the  Offspring  from  the  Illegitimate  Unions  of  Dimorphic  and 
-  Trlmoiphic  Plants,  Jonm.  Linn.  Soc.  1868,  p.  393 ;  ditto.  The  Different  Forms  of  Flowers  on  Plants 
of  the  same  Species,  1877.] 

'  Hildebrand,  Bot.  Zeit.  1871,  Nos.  25,  26. 

'  [Darwin  has  given  the  name  of  legitimalc  to  the  union  of  two  distinct  forms,  itUgilimale  to  the 
fertilisation  of  long-  or  short-styled  plants  by  pollen  from  flowers  of  their  own  form.] 

"  [For  a  detailed  account  of  Ihe  very  remarkable  phenomena  connected  with  the  pollination  of 
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In  conneclion  with  the  tendency  so  clearly  evidenced  even  among  Cryptogams, 
and  still  more  among  Phanerogams,  to  prevent  self-fertilisation  within  the  same 
hermaphrodite  group  of  sexual  organs,  it  is  a  very  remarkable  fact  that  there  are  a 
number  of  plants  among  Angiosperms  which  form  two  kinds  of  hermaphrodite 
flowers,  viz.  large  flowers  which  can  generally  be  fertilised  by  the  pollen  of  other 
flowers,  and  small,  more  or  less  depauperated  flowers,  sometimes  undei^round,  which 
never  open  \Ckislogamom  Flowers],  the  pollen  emitting  its  tubes  immediately  from 
the  anthers  and  thus  fertilising  the  ovules.  There  occur  therefore  in  these  cases 
diflerenf  kinds  of  flowers  on  the  same  individual,  one  kind  being  adapted  for  cross-, 
the  other  kind  exclusively  for  self-fertilisation'.  This  occurs,  for  example,  in  Oxalis 
Acetosella,  wh'ere  the  small  flowers  are  formed  close  to  the  ground  when  the  larger 
flowers  have  already  ripened  their  fruit ;  in  Impatiens  Noli-me-langere,  Lamium 
ample.xicaule,  Specularia  per/oliala,  many  species  of  Viola,  as  V.  odorata.  elatior, 
eanina,  mirabilis,  &c.,  Ritellia  clandestina,  many  Papilionaceae,  as  AmpMcarpcea,  and 
Voandzeia,  Commelyna  bengalefisis,  &c.  When  in  these  cases  the  large  typically  de- 
veloped flowers  are  fertile,  cross-fertilisadon  with  other  flowers  of  the  same  species 
must  happen  occasionally  in  the  course  of  generations,  and  the  small  depauperated 
self- fertilised  flowers  then  seem  to  be  a  subsidiary  contrivance  whose  purpose  is 
altogether  unknown.  It  is  however  remarkable,  and  apparently  tn  contradiction  to 
the  general  rule,  that  the  large  norma!  flowers  sometimes  exhibit  a  tendency  to  infer- 
tility (as  in  species  of  Vio/a)  or  are  altogether  unfruitful  (as  in  Voandzeia),  so  that 
reproduction  depends  in  such  cases  mainly  or  entirely  on  the  cleistogamous  self- 
fertilised  flowers.  But  since  there  are  many  questions  in  connection  with  this  subject 
which  And  their  solution  in  the  foregoing  facts,  these  rare  exceptions  cannot  over- 
throw the  general  law'. 

In  other  cases,  as  in  most  Fumariaceje,  Canna  indica.  Salvia  hiria,  Linum  usila- 
tissimum,  Draba  verna,  £rassi<:a  Rapa,  Oxalis  miaanlha  and  sensitiva,  the  pollen 
must  also,  according  to  Hildebrand,  owing  to  the  position  of  the  sexual  organs,  fall 
on  the  stigma  in  the  same  flower,  and  is  potent;  but  in  such  cases,  since  the  flowers 
are  visited  by  insects,  an  occasional  crossing  with  other  flowers  js  not  impossible. 
Even  among  Orcbidefe,  where  we  find  the  most  wonderful  contrivances  to  prevent 
self- fertilisation,  Darwin  found  an  instance  in  Cepkalanfhera  grandiflora  in  which  the 
pollen-tubes  are  emitted  from  the  pollen-grains  on  to  the  stigma  while  the  former 
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'  H.  V.  Mohl,  Einige  Be  b  ht  g  be  d  m  ph  Bl  th  B  t  Z  t  863  N  s.  4*,  43. 
[See  also  A.  W.  Bennett  on  th      I      d  selff   tl   ed  Ji       rs    ! I  patient      J  L        Soc.  1872, 

p,i47;   ditto,  Pop.Sei.Rev.  1873  p  n?     L   ji    ci     6/         Ih    poll     I  b  m  tted  while 

the  pollen-grains  are  still  enclosed  in  the  anther,  perforatuig  the  wall  of  the  latter.  Ilenslow,  On 
the  Self-fertilisation  of  Plants,  Trans.  Linn,  Soc.,  Series  II,  vol.  I,  iSjg.] 

'  [Herrmann  Miiller  {Nature,  vol.  VIII.  p.  433  el  scj.)  has  pointed  out  lie  existence  of  another 
Idnd  of  dimorphism,  in  which  a  species  presents  two  difTerent  forms  of  flo»er^  one  idapted  to  self- 
fertilisation,  smaller  and  less  brightly-coloured,  growing  in  situations  where  there  are  but  few 
insects,  the  other  adapted  to  cross-fertilisation,  larger  and  more  brighll)  coloured  growing  where 
insects  abound.  These  two  forms  have  occasionally  been  described  as  distini.t  \arietieb  or  even 
si>edes.] 
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afe  still  in  ihe  anthers ;  but  according  to  Danvm's  experiments  the  number  Of  good 
seeds  produced  is  smaller  when  the  plant  is  allowed  to  fertilise  itself  than  when 
pollination  is  effected  by  foreign  pollen  with  the  help  of  insects. 

A  clear  comprehension  of  the  phenomena  of  dichogamy,  dimorphism,  and  the  other 
contrivances  for  ensuring  cross- fertilisation,  can  only  be  obtained  by  a  careful  study  of 
numerous  individual  cases  ^. 

It  is  more  clearly  seen  in  (he  fertilisation  of  flowers  than  almost  anywhere  else  how 
exactly  the  development  of  the  organs  is  adapted  to  the  fulfilment  of  a  perfectly  definite 
purpose.  Each  plant  has  its  own  peculiar  contrivance  for  the  conveyance  of  the  pollen 
to  the  stigma  of  another  flower.  It  is  not  possible  to  make  many  general  remarks  on 
this  subject ;  the  following  may  suflice  here. 

It  must  be  noted  in  the  first  place  that  insects*  carry  pollen  undesignedly  while  seek- 
ing the  nectar  of  flowers  which  has  been  produced  exclusively  for  their  attraction.  Flowers 
which  are  not  visited  by  insects,  and  Cryptogams  which  do  not  require  them,  do  not 
secrete  any  nectar.  The  position  of  the  nectaries,  usually  concealed  deep  at  the  bottom 
of  the  flower,  as  well  as  the  size,  form,  arrangement,  and  often  also  the  movement  of  the 
parts  of  the  flower  during  the  time  of  pollination,  are  always  of  such  a  nature  that  the 
insect— sometimes  of  one  particular  species — must  take  up  particular  positions  and  make 
particular  movements  in  obtaining  the  nectar,  and  thus  cause  the  masses  of  pollen  to 
become  attached  to  its  hairs,  feet,  or  proboscis,  and  afterwards,  when  assuming  similar 
positions,  to  be  applied  to  the  stigmas  of  other  flowers.  In  dichogamous  plants  the 
movements  of  the  stamens,  styles,  or  branches  of  the  stigmas  assist  this  end,  taking  place 
frequently  in  such  a  way  that  at  one  time  the  open  anthers  occupy  the  same  position 
in  the  flower  that  the  receptive  stigmas  do  at  another  time,  so  that  the  insect,  when 
taking  up  the  same  position,  touches  the  open  anthers  in  one  flower  and  the  receptive 
stigmas  in  another  flower  with  the  same  part  of  its  body.  The  same  result  is  also  ob- 
tained in  dimorphic  flowers,  the  pollination  being  in  these  ca^e?  efficacious  when  anthers 
and  stigmas  which  occupy  the  same  position  in  different  flowers  are  made  mutually  to 
act  on  one  another.  But  there  are  besides  many  other  contrivances,  most  variable  in 
their  nature  and  often  perfectly  astonishing,  for  eflecting  the  conveyance  of  pollen  by 
insects,     A  few  examples  may  suffice. 


'  See  espedally  K.  C.  Sprengel,  Das  ncu  entdeckte  Gelieimniss  der  Nalur,  &e.,  Berlin  1793.— 
Darwin,  On  the  Fettilisation  of  Orchids,  London  1862. — Hildebrand,  Die  Geschlechtervertheilung 
bei  den  Pflanzen,  u.  das  Geseti  der  vermiedeoen  ii.  nnvortheilhaften  stetigen  Selbstbefcuchtung, 
Leipzig  1867. — Strasburger  in  Jenaische  Zeitschtift,  vol.  VI,  1870,  and  Jahrb,  fiir  wiss.  Bot. 
vol.  VII,  where  the  mode  of  fertilisation  of  Gymnosperms,  Marchantiese,  and  Ferns  is  described. 
[The  most  complete  account  ol  the  phenomena  of  the  recipiocal  adaptation  of  flowers  and  insects 
to  cross-fed ilisaiion  is  Contained  in  Herrmann  Muller's  Befruchtung  derBlumen  durchlnsecten  u.  die 
gegenseitigen  Anpassnngen  beider,  Leipzig,  1873,  where  also  is  a  rhumi  of  the  literature  of  the  sub- 
ject. See  also  Kblreuter,  Vorlaufige  Nachricht  von  einigen  das  Geschlecht  betreffenden  Vetsuchen, 
Leipzig  1761.— Delpino,  Ulteriori  osservarioni  sulia  dicogamia,  Milan  1868-1870. — Axell,  Otn 
Anordningarna  for  fanerogama  raxternas  befmktning,  1869. — Darwin,  On  the  Agency  of  Bees  in 
-the  Fertilisation  of  Papilionaceous  Flowers.  Ann.  and  Mag.  Nat.  Hist.  3rd  series,  vol.  II.  p.  461. 
—Ogle  in  Pop.  Sci.  Rev.  1 869,  p,  161,  and  1870,  p.  45  (on  Salvia). — Hildebrand  in  I.eopoldina, 
1869  (Composite);  ditto,  b  Monatsber.  der  Berlin.  Akad.  1872  (Grasses). — Farrer  in  Ann.  and 
Mag,  Nat.  Hist.  l868;  Nature,  vol.  VL  1872,  ^.  ^^%  it  seq.  (Papilionacefe) .— A.  W.  Bennett,  in  Pop. 
Sci.  Rev.  1873,  p.  337.— H.  Miiller,  in  Nature,  vols.  VIII,  IX,  and  X.— Sir  J.  Lubbock,  On  British 
Wild  Flowers  considered  in  relation  to  Insects,  London  1875.] 

"  J.  G.  Kolreuter  first  recognised  the  necessity  oE  insect  help,  and  described  special  contrivances 
-for  pollination,  in  his  Vorlaufige  Nachricht  von  einigen  das  Geschlecht  der  Pflanzen  betreffenden 
Vetsuchen.  i;6i. 
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(i)  Dichogamous  Flowers'  are  either preianJrous  or pretogy/!ouj\  In  the  former  the 
stamens  are  developed  first,  their  anthers  opening  at  a  time  when  the  stigmas  are  still 
undeveloped  and  not  vet  receptive;  the  stigmatic  surface  is  only  developed  later,  and 
usually  not  till  the  pollen  has  been  carried  away  from  the  anthers  by  insects ;  they  can 
then  only  be  fertilised  bj  the  pollen  of  younger  flowers  To  this  category  belong  the 
various  species  ot  Geranium,  Pelargonium,  Epilobium,  Maha,  UmbellifenE,  Compositte, 
Campanulace^,  Labiate,  Digitalis,  &(.  The  phenomena  referred  to,  especially  the 
movements  of  the  stamens  and  stigmas,  are  so  readily  observed  in  these  cases,  e.g.  in 
Geranium  and  Jllhiea,  that  no  further  description  is  necessary.     In  protogyiious  flowers 


the  stigma  is  receptive  before  the  anthers  in  the  same  flower  are  mature;  when  these 
subsequently  open  and  allow  the  pollen  to  escape,  the  stigma  has  already  been  pollinated 
by  foreign  pollen  or  has  even  withered  up  and  fallen  off  (as  in  Parietaria  diffuia) ;  and 
the  pollen  of  these  flowers  can  therefore  only  be  applied  to  the  fertilisation  of  younger 


'  F,  Delpioo,  Ulleriori  osservazioni  sulla  dieogamia  nel  regno  vegetabile,  Atti  della  soc,  Hal. 
di  sci.  nat.  vol.  XIII,  1869,  and  Bot,  Zeit.  1871,  No.  26  et  seq.  ■  ditto,  in  Bol.  Zeil.  1869,  p.  Jgi. 

'  [For  a  list  of  British  protandrous,  protogynous,  and  .'synacmic'  plants  (or  those  in  which  the 
male  and  female  organs  are  mature  at  neatly  the  same  time},  see  A.  W.  Bennett  in  Journal  of 
Botany,  1870,  p.  315,  and  1873,  p.  335.] 
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flowers.  To  this  class  belong  Scrophularia  nodosa,  Mandragora  -verBalh,  Scapolia  atropmdes, 
Plantago  media,  Lunula  pihsa,  Anthoxanihum  odoratum,  &c.  Among  protogynous  flowers 
^        I   h     CI       t  h        t      sed  by    t  "k'   g      d  pe     r  t  " 

I    F  g  4S9  ^       h   vn     y  11  t  th      gh  1     gth    =e     th      t  g     t 

f  1      dy  ec  pt  d  t        b  t  th        th  rs  1 11    1      d  11 

fly      wh    h  his  b       ght  t    b    k       m  f  p  11       fr  m  Id      ft  w       m  k       t 

w  y        th      gh  th  w  th      t     f  th     p         th       d  b    t       th     f,l  b  1 

wllgi  yf  ttfles  tfqtljfd  flw 

Thy         htpd  t         pb  ththttthp        th  f        hd 

with  Ighrs  g  hgwhhp         t         mpd        ttth        t  t 

th        setbtp  tt  plk         tpWhlth  tismvigbt 

th  ty     t    b    k  1  d       w  tl    p  II  mes      t  ta  t       th  th      t  g      t  fac 

d  poll     t       t  be<i  f  wh   h  th    1  be      f  th      t  g  p      d 

sh  Fg   489  B  A  as  H      has  tak      pi  ce   th        th        p  ly 

I    ed     p        th  J  I  d  b        b)   th      h    g         th    p     t  f  th      t  gm  d 

re        d      d  bl     I )  th         th  n  g     p     f  th     h    rs     t  th     b  tt  m     t  tl  ty 

ffhflw         hhl  b  d         Thfleshhh  rrdth 

p  II  t    th      t  gm  t  f  tl      f  p   d  t     th       p  th 

wh       th    p  11        ga     b  t    h  i  t     th  By  th     t  m     th     tl       t     f  th 

pethhas  b  pUth        t        kfhrs         thgddd 

w  th      d        J     tt      th    p  11     t         f  th      t  gm       Tl     i        t  1  d  th  th    p  11 

f  th     fl  ei  p        d    g       pert  tl        m    w    k  th      fl 

B  t  wh  I    th      1     ges     h 
ts  p     t        h       1        It      < 

t     d  th    p        th    pe 
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ped  1  b  d  h  ply  1 
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how       t  w    Id  b 
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Th    p  11  th. 

g  lly  h       m 

th     fl  w      th     gh 
IS       t    niposs  1 1  dd 

t        h    gly       m  d      m  t  mpl      t  d  th  t  th       p  rpos  ly 

bdttdby         y  fl  tgt  Tth         tgyblgf  pith 

n         p  f  I       C  oc  A  F  i     I  n  yLbtMlaatm^e   Pass  fl 

dPpl  Amgth  tttg  pi  thAfpdfe 

in  which  however  the  contrivances  could  be  explained  only  by  lengthy  descriptions  and 
a  large  number  of  illustrations'.  In  Salvia  praunsis  and  some  other  species  of  this  genus 
the  mechanical  contrivance  for  preventing  self-fertilisation  and  for  ensuring  crossing^  is 
extremely  beautiful  and  easy  to  understand.  Fig.  490  represents  a  flower  of  S.  pratens'is 
seen  from  the  side;  at  h  is  the  two-lipped  stigma  in  a  receptive  condition;  and  indicated 
by  a  dotted  line  inside  the  upper  lip  of  the  corolla  is  the  position  of  one  of  the  two  sta- 
mens. If  a  pin  is  inserted  into  the  tube  of  the  corolla  in  the  direction  of  the  arrow,  the 
two  stamens  spring  out,  as  indicated  ai.  a;  if  a  humble-bee  inserts  its  proboscis  in  order 
to  obtain  the  honey,  the  open  anthers  strike  the  back  of  the  insect,  and  some  of  the 
pollen  adheres  to  a  particular  part ;  when  the  bee  places  itself  in  the  same  position  in 

'  For  a  fuller  description,  see  R.  Brown,  Observations  on  the  Organs  and  Mode  of  Fecundation 
in  Orchidcse  and  Asclepiadere ;  Trans.  Linn.  Soc.  1833,  and  Hildebrand  in  Bot.  Zeit.  1867,  No.  33. 
'  For  further  details,  see  Hildebrand,  Jahrb.  fiir  wiss.  Bot.  vol.  IV,  1865,  p.  i. 
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another  flower,  the  pollen  is  rubbed  off  its  back  on  to  the  stigma.  The  cause  of  the 
stamen  springing  out  in  this  way  is  made  sufficiently  clear  in  Fig-.  4yo  B.  This  shows  the 
short  true  filaments//"  which  adhere  by  their  bases  to  the  sides  of  the  corolla-tube,  and 
bear  at  their  upper  end  the  long  connective  c  x,  which  oscillates  readily  about  its  point 
of  attachment.  Only  the  upper  longer  and  slender  arm  of  each  connective  c  bears  an 
anther-lobe  a,  the  lower  shorter  arm  x  is  without  an  anther,  and  is  applied  to  that  of  the 
other  stamen  in  such  a  manner  that  the  two  form  together  a  kind  of  arm-chair.  When 
the  proboscis  of  the  bee  in  search  of  honey  penetrates  the  flower  in  the  direction  of 


the  arrow,  the  lower  arm  of  the  connective  is  pressed  down,  and  the  upper  arm  c  is 
made  to  moie  forward,  and  thus  to  strike  the  back  of  the  insect. 

In  the  Pansy  (Fio/a  tricolor)  we  have  quite  a  different  contrivance  for  preventing  the 
possibility  of  self-fertilisation.  In  Fig.  491,  ,^and  B,  is  shown  the  position  and  arrange- 
ment ot  the  parts  of  the  flower.  The  cavity  of  the  flower  enclosed  by  the  petals  is 
completely  hlled  up  by  the  anthers  and  ovary,  with  the  exception  of  the  tubular  spur  of 
the  interior  petal  in  which  the  nectar  collects,  secreted  by  the  appendages  of  the  two 
inteiior  stamens.     The  only  entrance  to  this  nectary,  which  therefore  lies  behind  the 


reproductive  organs,  is  through  a  deep  channel  in  the  inferior  petal,  lined  with  hairs. 
The  upper  and  lateral  petals  incline  towards  one  another  in  front  of  the  ovary  which 
is  surrounded  by  the  anthers,  and  above  the  channel  in  such  a  manner  that  the  entrance 
to  it  is  entirely  filled  up  by  the  capitate  stigma  B,  n.  The  stigma  is  seated  on  a  flexible 
style  [C,  gr),  is  hollow  and  opens  by  an  orifice  which  faces  the  hairy  channel  of  the 
lower  petal ;  the  lower  and  posterior  margin  of  this  orifice  has  a  lip-like  appendage; 
The  anthers  open  of  their  own  accord,  and  ti;e  pollen  in  the  form  of  a  yeilow  powder 
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collecis  below  and  behind  the  stigma  among  the  hairs  of  the  cliannel.  An  insect 
which  has  already  brought  p'oilen  on  its  proboscis  from  another  flower  inserts  its  pro- 
bosc"    b        th  th     t'g       th      gl   th      h        1  '  t    th  t    >      Th    f     'g    p  11 
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stigma;  but,  as  Hildebrand  has  remarked,  insects  do  not  usually  do  this,  but  suck  up 
the  nectar  only  once,  and  then  visit  another  flower.  The  proceedings  of  the  insect 
may  be  imitated  by  inserting  a  fine  sharp  pin  beneath  the  stigma  into  the  channel 
and  again  withdrawing  it,  and  filling  witli  the  pollen  thus  removed  the  stigmatic 
cavity  of  another  flower. 

The  contrivances  for  cross-pollination  in  Orchids,  a 
cated  and  ingenious,  have  been   described   in   detail  by   Dir 
named'.     One  of  the  simpler  cases,  and  the  most  frequent  m 
briefly  described  in  the  case  of  Epipact'u  iatifoba      At  the  tn 

organs  are  mature,  the  flower  stands,  in  consequence  of  a  torsion  of  its  pedicel,  so  that 
the  true  posterior  leaf  of  the  sis  that  form  the  pernnth  {the  labelinm)  hongs  in  front  and 


i  thev  are  compli- 
L  In  the  woik  ilready 
mam  features,  may  be 
when  the  reproductivi 
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downward;  it  is  hollowed  out  in  its  lower  part,  and  is  thus  transformed  into  a  receptacle 
for  the  nectar  which  it  secretes  (Fig.  ^92,  B,  D,  I).  The  sexual  organs,  borne  on  the 
gynostemium  S  (in  C),  project  obliquely  above  this  nectary;  the  stigma  forms  a  disc 
•  with  several  lips  hollolved  out  and  viscid  in  the  centre,  the  surface  of  which  is  in- 
clined obliquely  above  the  nectary.  The  two  gland-like  stamlnodes  k  *■  stand  right 
and  left  beside  the  stigma;  above  the  stigma  and  covering  it  like  a  roof  lies  the 
single  fertile  anther,  of  considerable  size,  which  is  again  on  its  part  protected  above 
by  its  cushion-like  connective  en ;  the  lateral  walls  of  the  two  anther-lobes  burst 
lengthwise  right  and  left,  so  that  their  pollen-masses  (pollinia)  became  partially  exposed, 
the  pollen-grains  remaining  attached  to  one  another  by  a  viscid  substance.  In  front  of 
the  middle  of  the  anther  and  above  the  stigmatic  surface  is  the  rostellum  h,  a  peculiarly 
metamorphosed  part  of  the  stigma  (see  j4)  ;  the  tissue  of  the  rostellum  is  transformed 
into  a  viscid  substance  covered  only  by  a  thin  membrane.  The  flower  of  Epipactis  is 
not  fertilised  if  left  to  itself;  the  pollinia  do  not  fall  of  their  own  accord  out  of  the 
anther,  and  would  even  then  not  reach  the  stigmatic  surface ;  they  must  be  carried  away 
by  insects  to  the  stigma  of  other  flowers.  The  mode  in  which  this  is  effected  is  ex- 
plained by  inserting  the  point  of  a  black-lead  pencil  into  the  ilower  1n  a  direction  towards 
the  bottom  of  the  labellum  and  beneath  the  stigmatic  surface;  if  Jt  is  then  pressed 
slightly  against  the  rostellum.  and  again  withdrawn  slowly  in  this  position  (D),  the  viscid 
mass  of  the  rostellum  or  adhesive  disc  of  the  pollinia  to  which  the  pollen-masses  are 
attached  remains  sticking  to  the  pencil.  The  pollinia  are  now  completely  removed  from 
the  two  anther-lobes  by  the  withdrawing  of  the  pencil,  as  is  shown  in  E  and  F.  If  the 
pencil  with  its  pollinia  attached  is  now  again  inserted  int( 
of  the  bottom  of  the  labelium,  the  pollinia  necessarily  c< 
stigmatic  surface  and  adhere  firmly  to  It ;  when  the  pencil  is  again  withdrawn  they  are 
left  behind,  being  partially  or  entirely  torn  from  the  pencil.  In  consequence  of  the  form 
and  position  of  the  parts  of  the  flower,  an  insect  which  settles  on  the  anterior  part  of  the 
labellum  would  in  the  same  manner  be  able  to  creep  into  the  bottom  of  the  nectary  with- 
out disturbing  the  rostellum ;  but  when  it  again  crept  out  after  obtaining  the  nectar,  it 
would  strike  against  It  and  carry  off  the  pollinia;  and  on  crawling  into  a  second  flower, 
these  would  come  into  contact  with  the  viscid  stigma,  and  would  remain  attached  to  it. 
In  some  other  Orchidere  the  contrivances  are  much  more  complicated. 

(3)  The  ripe  pollen  has  often  to  remain  for  a  considerable  time  in  the  open  anthers, 
in  the  case  of  fiowers  in  which  pollination  is  effected  by  insects,  before  it  is  carried 
away.  During  this  time  it  might  be  blown  away  by  the  wind  or  wetted  by  rain  or  dew. 
In  order  to  prevent  this,  numerous  and  very  difierent  contrivances  exist  which  protect 
the  pollen.    For  details  see  Kerner,  Die  Schutzmittel  des  Pollens  (Innsbruck,  1873). 

Sect,  34. — Hybridieation '.     In  th     p        d    g  p  pl"     ^  p  k  n 

only  of  the  union  of  the  reproductive  cells  p    n  nd     du      o 

the  same  species.    We  iearn  however  from     p  ha  ua  un   n     n 

take  place  between  plants  which  are  spe  fi  yd  n  Auoohknd 
called  Z^iJrj'f^ja/wK,  and  its  product  a  Z^^  d  A  dgathunoakp 
between  different  varieties  of  one  species,  dffnp  00      gn       obwen 

'  J.  G.  Kolieuter,  Vorlaufige  Nachriclit  von  G&cU  Pfl  be     fi    d 

Verstchen  n.  Beobachlungen,  Leipzig  ijGi;   A  p    d  d      66       V  H    ber 

On  AmaryllidacKi!,  with  a  trearise  on  cross-bred      gb  Ld  8  Grt         V 

Beobachtungen    iiber   die   Bastarderzeugung   im  Pfl  nz  g  9        S 

Berkeley,  Joum,  Roy.  Hort.  Soc.  vol,  V,   1850    p6  DBtadnitugm 

PflaJizenreich,  erlautert  an  den  JJiistarden  der  U  re  p  Be? 

1865.    tSee  abstract  by  Beikeley,  Joiim.  Koy.  H  p  F 

Pflanzen  Mischlinge,  1881.] 
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two  species  belonging  to  different  genera,  the  resulting  hybrid  may  be  termed  a 
variety-hybrid,  species-hybrid,  or  genus-hybrid. 

Among  Cryptogams  only  a  few  instances  of  hybridisation  are  known  with 
certainty,  Thuret  (Ann.  des  sci,  nat.,  1855)  obtained  hybrid  plants  by  bringing 
antherozoids  of  Ftuus  serratus  into  contact  with  oospheres  of  F.  vesuuloms.  In 
some  other  families  of  Cryptogams  forms  have  been  found  which  have  been  sup- 
posed, from  their  characters,  to  have  a  hybrid  origin.  Thus  A,  Braun  (VerjUngung, 
p.  329)  adduces  instances  of  hybrids  between  Mosses',  Pkyscomitrium  pyriforme  and 
Funaria  hygrometrua,  and  between  Pkyscomilrium /asciculare  and  Funaria  hygro- 
mefrica,  and  between  the  following  species  of  Ferns — Gymnogramme  chrysopl^lla 
and  G.  calomelam,  G.  chrysophyUa  and  G.  dtslans,  and  Aspidtum,  Ftlix-mas  and 
A.  spinulosum^. 

The  most  important  observations  from  a  scientific  point  of  view,  which  have 
given  us  the  clearest  insight  info  the  nature  of  the  difference  of  sex,  are  however 
those  made  on  hybrids  between  flowering  plants,  resultihg  from  the  artificial  convey- 
ance of  pollen  from  one  species  to  another.  Nageli  has  collected  the  results  of 
many  thousand  experiments  on  hybridisation  made  by  KClreuler  in  the  last  century, 
and  more  recently  by  Knight,  Gartner,  Herbert,  Wichura,  and  other  observers.  The 
following  facts  are  taken  chiefly  from  Nageli's  resumi^. 

1.  Only  those  forms  which  are  closely  related  genetically  can  produce  hybrids. 
They  are  formed  most  easily  between  different  varieties  of  the  same  species ;  with 
greater  difficulty — but  are  still  possible  in  a  great  number  of  cases — between  two 
species  of  the  same  genus ;  of  hybrids  between  species  which  belong  to  different 
genera  only  a  very  few  instances  are  known,  and  .it  is  probable  that  in  these  cases 
the  species  ought  to  be  included  in  the  same  genus.  The  facility  with  which 
hybrids  can  be  produced  varies  extremely  in  different  orders,  families,  and  genera  of 
Angiosperms.  The  phenomenon  is  frequent  among  LiUacese,  IrideK,  Nyctagineas, 
Lobeliaceae,  Solanacete,  Scrophulariacete,  GesneraccEe,  Primulacese,  EricaceK,  Ranun- 
culaceje,  Passifloracese,  CaclaceEe,  Caryophyllacefe,  Malvaceae,  Geraniace^,  CEnothe- 
rese,  Rosacese,  and  Salicinete.  It  does  not  occur  at  all,  or  only  very  exceptionally, 
in  Gramineae,  Urticaceie,  Labiate ',  Convolvulacefe,  Polemoniaceie,  Grossulariacese, 
Papaveracete,  Crucifene,  Hypericinefe,  and  Papilionacece,  Even  genera  of  the  same 
order  or  family  differ  in  this  respect.  Among  CaryophyllaceEe,  the  species  of 
Dianihus  hybridise  easily,  those  of  Silene  only  with  difficulty;  among  Solanaceae, 
the  species  of  NicoHana  and  Datura  have  a  tendency  to  produce  hybrids,  while 
those  of  Solatium,  Physalis,  and  Nycandra  have  not;  among  Scrophulariaceje, 
Verbascum^  and  Digilalis,  but  not  Ptnlstemon,  Linaria,  or  Antirrhinum;  among 
Rosacefe,  Geum,  but  not  Potsntilla. 


■  [See  also  H.  Philibert,  L'Hybridation  dans  ks  Mousses  {Grlmmia),  Ann,  des  sci.  nat.  i8j 
vol.  XVII.  p.  las.] 

'  [See  also  T.  Moore  on  Adiimlvm  farleycnsc,  Joum,  Roy.  Hoit.  Soc.  new  series,  I.  p.  8 
BerkeSey  on  Aspleaium  ebenciides,  Scott,  ibid.  p.  T37.] 

"  Nageli,  Sitzungsber,  der  k.  bayer.  Akad.  der  Wiss.  in  Miincben,  Dec.  33,  1865,  and  Jan.  1 
1866.     Also  Kerner,  in  Oesteneich.  Bot.  Zeifsch.  Wien.  XXI, 

'  [SiacAys  amblgua  Sm.  is  considered  to  be  a  bybiid  between  S.  sylvalUa  and  S.  polMlris^ 

''  [On  hybridily  in  (he  genus  Vsrbascani,  see  Darwin,  Jouin.  Linn.  Soc.  1868,  p.  437.] 
3  N2 
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Hjbnl  nation  between  Epecie=i  belonging  to  differenl  [,enen  has  been  observed 
between  L\rkms  ind  Sil n  Rhododtndr  n  and  A^/ei  Rhododendron  and  Rh  doia, 
Azalea  and  Rhodori  Rhododendron  and  Kalmia  Rhododeniron  and  Mensusia^ 
JB^ilops  and  Trihcum  and  between  Echinocaclus  Cereus  and  Phyllocadus  to  which 
must  be  added  a  few  mid  foroio  which  apj  ear  to  be  genus  hjbnds 

2  Besides  the  near  genetic  relationsh  p  the  possibility  of  the  production  of 
hjbnds  depends  ilso  on  a  certain  relatioi  ship  between  the  parent  plants  which  13 
manifested  onl}  m  the  resuh  of  hjbridiaition  and  which  Nagel  calL,  Sexual  Affinity 
Th  s  kind  jf  iffimt)  is  not  always  concirient  with  the  externil  resemblance  of  the 
plants  Thus  for  eximple  hvLriii,  have  neier  been  obtanied  between  the  Apple 
and  Pear  Ana^allis  anenis  and  ctcrul  i  Pr  null  ffi  inabs  and  diii  r  or  Ni^ella 
damascena  and  saliva  nor  between  man)  other  pa  s  of  -jpecies  belonging  to  ihe  same 
genus  which  are  \ery  nearly  allit-d  to  one  another  wh  le  in  other  cases  very  dis- 
siniikr  foims  unite  as  -Mgilo{s  a/a  with  Trilicum  ul  ite  Lychnis  diurna  with 
L  Flos  cttcuii  C  tens  specimssimus  with  Phylloca  lus  Ph\Umthu  the  Peach  with  the 
Almond  A  &til]  more  striking  proof  of  the  difference  between  se\u^l  and  genetic 
afBn  ty  is  afforded  by  the  fact  that  vaneticb  of  the  same  pecies  will  sometimes  be 
partially  or  altogether  infertile  with  one  another  as  ^  ^  Stlene  mflata  \ar  alpina  with 
var  angusiifoha  var  la/i/oli  i -v,  i)i\a.T  lillorahs  &.c 

3  When  a  sexual  uniun  is  poss  ble  betw  een  two  species  A  and  B  \  can  usually 
produce  hjbnds  when  ferthsed  b}  the  \  oUen  of  B  and  B  when  fertlised  by  the 
pollen  of  A  (rec  procal  hjbndisation)  But  there  are  cases  in  wh  ch  \.  can  onlj  be 
the  mile  and  B  only  the  '"emale  parent  plant  the  pollination  of  A  bv  B  yielling  no 
resuh  This  Thuret  found  as  has  alrcad)  been  mentioned  that  Fucus  Tesicuhsus 
produces  h^brds  with  the  antheiozoids  of  F  sert  ilus  while  the  oospheres  of  the 
latter  spec  es  could  not  be  fertilised  bj  the  antheri,zoil  of  the  former  Gartner 
states  that  Nicohina  pmiculala  produces  hybrid  seeds  when  acted  on  b}  the  pMlen 
of  N  Langsdorfit  while  the  latter  does  not  un  ler  the  i  ifluence  of  the  pollen  of  the 
former  Kolreuter  eisdy  obtaned  seels  of  Mirahl  s  J ilapa  with  the  pollen  of 
M  longtflora  while  more  than  two  hundred  experiments  on  poll  natmg  the  latter  by 
the  former  species  extend  ng  o\ei  eight  jears  produced  no  result 

4  Sexual  affimfi  presents  a  ^reat  \ani.ty  of  gridati  ns  At  one  extreme  we 
have  complete  infertlty  under  the  influence  of  tie  joUen  of  another  varietj  or 
species  the  pollen  tubes  not  e\en  enter  ng  the  st  g;ma  and  the  polhnate  1  flower 
behaving  precisely  as  if  n3  pollen  had  reached  it  the  other  extreme  is  shown  n 
the  product  5n  of  numerons  hjbr  db  which  not  enly  grow  vigorously  but  are  them 
sehes  fertile  The  lowest  d  gree  of  the  action  of  pollen  of  a  different  ki  id  consists 
m  varous  chinges  taking  place  in  the  j-arts  of  the  flower  of  the  mother  phnt  the 
oiar)  or  e\en  the  o\ules  il  o  growing  withent  an)  embrjo  being  produced 
A  h  t,her  degree  is  manifested  in  the  production  of  ripe  normal  fru  ts  and  seeds 

'  [The  h  story  of  the  plant  which  is  here  intended  s  gnen  in  the  Bofanicol  Gazette  vol  III 
p  82  It  was  ra  sid  from  seed  of  Bryanrh  s  (Me  izifi  a)  e  pelrform  supposed  to  be  fertil  ed  by 
the  pollen  of  Shodoihamnas  (Rhododendron)  Chamscislas,  It  is  figured  under  the  name  of  Bryaaihvs 
irtclus  in  Paxton's  Flower  Garden,  vol.  I.  t.  jg ;  but  it  agrees  well  with  specimens  of  its  female 
parent  ftoui  the  Rocky  Mountains,  and  is  probably  therefore  not  a  hybrid  at  all.] 

'  [All  instanee  to  the  contrary  is  lecocded  in  the  Proc.  Acad.  Philadelphia,  1871,  vol,  I.  p.  10.] 
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containing  embryos,  but  these  embryos  having  no  power  of  germination.  Further 
steps  are  indicated  by  the  number  of  embryos  which  have  the  power  of  germination 
that  are  produced  in  the  ovary\ 

5.  When  pollen  from  different  species  is  applied  simultaneously  to  the  same 
stigma,  only  one  kind  is  potent,  viz.  that  from  the  species  which  has  the  greatest 
sexual  affinity  to  the  one  that  is  pollinated.  And  sincCj  as  a  general  law,  pollen  is 
most  efficacious  on  a  different  flower  of  the  same  species — in  other  words,  the  highest 
degree  of  sexual  affinity  occurs  between  different  individuals  of  the  same  species— 
when  a  stigma  is  pollinated  at  the  same  time  with  pollen  of  the  same  and  of  another 
species,  the  first  only  is  potent.  But  since,  on  the  other  hand,  hybrids  are  sometimes 
more  easily  produced  between  varieties  than  betwe«i  individuals  of  the  same  variety, 
in  this  case  the  foreign  pollen  may  be  prepotent  over  that  of  the  same  kind.  When 
the  pollen  of  different  species  reaches  the  stigma  at  the  same  time,  and  if  that  which 
reaches  it  later  has  a  greater  sexual  affinity,  it  can  only  be  potent  when  the  first  is 
not  potent  or  acts  11  juriousl)  In  A  ic  liana  the  product  on  of  hj  bn  is  can  no  longer 
be  prevented  b>  its  own  pollen  after  two  hours  m  Mai  a  and  Hibucus  after  three 
hours,  in  Dionthus  after  fi\e  or  sit  1  onr 

6.  The  hjbnd  is  possessed  of  external  characters  intermediate  between  those  of 
its  parent  forms  usually  nearlj  half  \  iv  between  less  often  it  resembles  one  of  the 
parent-forms  more  nearly  than  the  other  and  th  s  is  more  often  the  case  with  Variety- 
hybrids  than  with  species  hybrids  It  follows  that  in  recii  rocal  hybnds  from  the 
species  K  and  B  the  hjbrid  \  B  is  generally  similar  externilU  to  the  h)brid  B  A, 
though  the  two  forms  mav  differ  somewhat  internallv  Thus  according  to  Gartner, 
the  hybrd  Ntcottani  pam  uhlo  ruihca  is  more  fertile  than  the  reciprocal  hybrid 
Nicoiiana  ruslico  panuulaii'  \n  internal  d  fference  bet\een  rec  procal  hybrids  is 
also  shown  by  the  fact  that  one  is  more  vfinable  than  the  other ,  thus,  according  to 
Gartner,  the  progeny  of  Digitalis  purpureo-lutea  is  more  variable  than  that  of  D.  luieo- 
purpurea,  the  progeny  of  Diantkus  pulchello-arenarius  more  variable  than  that  of 
D.  armario-pulchellus.  ,- 

When  two  species  A  and  B  hybridise,  ana  the  one  species  A  exercises  a 
greater  influence  on  the  form  and  properties  of  the  hybrid  than  the  other  species 
B,  the  hybrid  or  its  descendants,  if  fertilised  by  A,  will  revert  more  quickly  to  the 
parent-form  A  than  it  will  to  the  parent-form  B  if  fertilised  by  it.  Thus  Gartner 
states  that  the  hybrid  of  Dianihus  chlnensis  and  D.  Caryophyllus  reverts  to  the 
latter  form  after  three  or  four  generations  if  repeatedly  fertilised  by  it,  while  it 
requires  fertilisation  for  five  or  six  generations  by  D.  (hirtensis  in  order  to  revert  to 
that  form. 

7.  The  characteristics  of  the  parent-forms  are  as  a  rule  so  transmitted  to  the 
hybrid  that  the  influence  of  both  is  manifested  in  all  its  characters,  producing  a 
fusion  of  the  different  peculiarities.  This  is  more  evident  in  the  species-  than  in 
the  variety -hybrids ;  in  the  latter  some  of  the  non-essential  characters  of  the  parents 
sometimes  present  themselves  in  the  offspring  uncombined  side  by  side  ;  e.g.  various 

'  See  Hildebrand,  Bastardirungsversuclie  an  Orchideen,  Bof,  Zeit,  1865,  No.  31. 
'  In  this  mode  of  designating  hybrids,  the  name  of  the  male  parent-plant  stands  first;  thus 
Nicotiana  rusiico-pamculata  is  the   product   of  the  fertilisation  of  N.  paniculata  by  the  pollen  of 
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kinds  of  streaks  and  blotches  instead  of  a  mising  of  the  colours  of  the  flowers.  Thus 
a  hybrid  which  Sageret  obtained  from  Ci/cumis  Chate  (female)  with  C  Mtlo  Canta- 
luptis  {which  had  a  reticulated  rind)  had  a  yellow  flesh,  a  reticulate  marking  of  the 
rind  and  moderately  prominent  ribs  like  the  male  parent,  but  white  seeds  and  an 
acid  flavour  like  the  female  parent.  Another  hybrid  from  Ihe  same  species  had,  on 
the  contrary,  the  sweet  flavour  and  yellow  flesh  of  the  male,  with  the  white  seeds  and 
smooth  rind  of  the  female  parent.  To  this  category  belongs  also,  the  hybrid  of 
Cylistis  Laburnum  and  purpureus  [known  as  Cy/isus  Adami\,  some  of  the  branches 
of  which  partially  or  entirely  resembled  one  and  some  of  them  the  other  parent-form. 
I  have  found  what  seemed  to  be  a  hybrid  Antirrhinum  majus,  in  which  the  inflor- 
escence bore  on  one  side  of  the  axis  only  dark-red,  on  the  other  side  only  yellow 
flowers  whfle  between  the  two  halves  stood  a  single  flower  which  was  half  red  and 
half  yellow 

8  In  addition  to  its  inherited  properties  the  hybrid  usually  possesses  characters 
of  its  own  by  which  it  is  distinguished  from  both  its  parent  ftrms  One  of  the^e 
new  characters  which  occurs  especially  with  vanetv  hybrid  is  the  tendeni,y  to  \ary 
more  strongly  than  its  parent  forms  Species  hjbrids  are  usually  weik  in  their 
sexual  properties  those  der  ved  from  nearlj  related  parent  species  are  on  the  other 
hind  more  vif,orous  m  their  growth  than  thtir  parent  forms  while  hjbrids  resulting 
from  the  union  of  species  les^  nearlj  related  are  generally  feebler  n  their  devclcp 
ment  The  luxur  ant  growth  of  the  hybr  ds  from  nearly  illied  species  is  d  splajed 
in  their  more  numerous  ani  larger  leases  in  the  r  taller  and  stouter  stems  more 
copious  root  lystem  and  hrger  number  of  shoots  (stol  ns  sctois  &c)  Hjbrds 
have  also  a  tendency  to  a  longer  duration  of  lite  those  of  annual  or  biennial  parent 
forms  often  lne  a  numter  of  years  protably  in  consequence  of  their  producing 
a  smaller  number  of  seeds  Hybr  ds  are  also  characterised  by  c  mmei  cing  to 
fiower  earlier  and  continuing  to  do  so  longer  and  more  ibundantlj  than  the  pirent- 
forms  sometimes  they  produce  an  extraordii  ary  number  of  flowers  wh  ch  are  also 
larger  more  enduring  and  of  brighter  colour  and  stronger  odour  Thej  haie  also 
a  tendency  to  become  double  ther  taminal  and  c^rpeiary  leaves  to  increase  in 
number  and  develope  into  petals  Along  with  this  luxuriant  vegetative  growth  the 
sexual  organs  are  usually  weak,  a  d    h'    '  y  p      "bl    d  g  '  Th  ' 

says  Nageli, 'are,  it  is  true,  in  som  p    f  II    b     f         llj  g    h 

infertile,  the  pollen-grains  not  at  ghppdlpm  hi  h 

the  stamens  are  altogether  abort  ddd  dm  Thpl{jK 

ceum)  of  hybrids  are  in  most  cas  1        g     h  bl  lly  f    ml 

parent  species,  but  their  ovules  h  [  ly  1  gh    d  f 

becoming  fertilised ;  either  noooph  f        d  h         by        Ihbgn 

to  be  developed  from  the  oospl  p      h         n  1  U  d       f        ra  I 

circumstances,  when  fertile  seeds  pddh  mb  U  Ih 

manifest  a  certain  degree  of  feebl  1  1        g  m  1    h      1 

duration    of  this  capacity.'      The        bl  f    h  if  n  n 

variety-hybrids  scarcely  perceptibl  h       b  11  ral  h    m 

marked  the  more  distant  the  gene  d  Ifiinyfhp  fm        W 

species-hybrids  have  the  power  of  p    d        g      ed    by      If  p  11  d    h 

repeated  in    the    progeny,   their  flgnld  hfmn  no 
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generation ;  though  this  phenomenon  probably  depends  less  on  the  sexual  feebleness 
of  hybrids  than  on  the  circumstance  that  their  flowers  have  probably  been  generally 
fertilised  with  their  own  pollen,  instead  of  being  pollinated  from  other  flowers  or 
other  individuals  of  the  same  hybrid.  Nageli's  rule  holds  true  in  the  general  way, 
that  the  male  organs  of  species-hybrids  are  functionally  weak  to  a  higher  degree 
than  the  female  organs,  although  the  rule  is  not  without  exceptions. 

9.  '  Hybrids  usually  vary  less  in  the  first  generation,  the  less  the  degree  of 
affinity  between  their  parent-forms ;  species-hybrids  therefore  less  than  variety- 
hybrids  ;  the  former  are  often  characterised  by  a  great  uniformity,  the  latter  by  a 
great  variability.  When  hybrids  are  self- fertilised,  the  variability  increases  in  the 
second  and  succeeding  generations  the  more  completely  it  was  absent  from  the  first; 
and  three  different  varieties  arise  more  certainly  the  less  the  affinity  between  the 
parent-forms;  vi'z.  one  corresponding  to  the  original  (hybrid)  type,  the  two  others 
bearing  a  greater  resemblance  to  the  two  parent-forms.  But  these  varieties  show 
but  little  constancy,  passing  easily  into  one  another,  at  least  in  the  earlier  genera- 
tions. An  actual  reversion  to  one  of  the  two  parent-forms  {with  pure  breeding-in) 
takes  place  especially  when  the  parent-forms  are  very  nearly  related,  as  in  variety- 
hybrids  and  those  from  species  that  approximate  to.  varieties.  When  this  reversion 
occurs  in  other  species-hybrids,  it  appears  to  be  limited  to  those  cases  where  one 
of  the  parent-species  exercised  a  preponderating  influence  in  the  hybridisation.' 
(Nageli,  /.  f.) 

10,  When  a  hybrid  is  made  to  unite  with  one  of  its  parent-forms,  or  with 
another  parent-form,  or  with  a  hybrid  of  different  origin,  the  product  is  termed  a 
'derivative  hybrid;'  and  this  may  again  on  its  part  unite  with  one  of  the  parent- 
forms  or  with  a  hybrid  of  different  origin.  When  a  union  is  effected  between  a 
hybrid  and  one  of  its  own  parent-forms,  and  the  hybrid  thus  obtained  unites  again 
with  the  same  parent-form,  and  so  on  through  several  generations,  the  derived 
progeu)  approach  more  and  more  nearly  in  their  characters  to  those  of  this  parent- 
form,  until  they  come  to  resemble  it  in  all  respects.  According  as  one  or  the  other 
of  the  parent  forms  is  taken,  a  larger  or  smaller  number  of  generations  are  required 
to  fftect  the  perfect  reversion ;  and  this  behaviour  has  been  reduced  by  NSgeli  to  a 
numencai  expression  (formula  of  heredity),  which  indicates  in  numbers  the  amount 
of  mfluence  e\ercised  by  a  species  in  reference  to  the  hereditary  transmission  of 
Its  qualities  m  hybridisation.  In  proportion  as  the  derivative  hybrid  approaches 
one  or  the  other  of  its  parent-forms,  its  hybrid  nature  gradually  decreases,  and  its 
fertihtv  at  the  same  time  increases. 

When  a  hybrid  unites  with  a  new  parent-fonn  or  with  a  hybrid  of  another 
species,  a  derivative  hybrid  results  in  which  three,  four,  or  more  species  (or  varieties) 
are  combined ;  Wichura  has  united  as  many  as  six  different  species  of  Willow  in  one 
such  derivative  hybrid.  Hybrids  of  this  kind,  which  may  conveniently  be  termed 
'  combined  hybrids,'  usually  follow  the  same  rules  with  reference  to  their  form  and 
other  characters  as  hold  good  in  the  case  of  simple  hybrids.  Combined  hybrids 
become  less  fertile  the  larger  the  number  of  different  parent-forms  that  are  united  in 
them ;  and  they  are  usually  very  variable.  Wichura  showed,  from  his  own  observa- 
tions and  those  of  Gartner,  that  hybrid  pollen  produces  a  greater  variety  of  forms 
in  its  progeny  than  does  the  pollen  of  true  species. 
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The  results  of  hybridisation  are  important  with  respect  to  the  theory  of  sexuality, 
because  there  is  no  boundary- line  or  essential  distinction  between  the  self-fertilisation 
of  pure  species  or  varieties  and  their  fertilisation  by  other  species  or  varieties'  and 
because  in  the  latter  case —      th  d       hjb  d  sat      —      t      pit       fsel 

differentiation  and  union  d      d  m  d     t      Th     t  t     m        f  th 

ditions  under  which  a  fert  1  f  1     11        poss  bll      tgrtdt         fm 

one  another,  but  are  conn    tdby>  tt  Ot  ptd 

in   the   genus  Kh/nchaiiem         h  f    1 1  I  t       t  II     t  kes   pi 

regularly;    the   other  ext     m  f         h  d         g  h;b   d        h         tl  t    g       II 

belong  to  very  different  f     m       t  pi     ts  wh        dts       t  t  t       d  tes 

back  to  a  remote  aniiq    ty      B  t  th    ^  eat  m  j     tj     f  ph  th        g  tabi 

kingdom  show  that  sexu  I  llj  m     t  p    d     t  1        th         II     t     d       th 

in  too  close  nor  in  too  r  m  t  fti    tj  t  th  If  f  rt  I  sat  th        t 

majority  of  cases  as  caref  Ily        dd      thhbdsa  fdff       tp  g 

The  phenomena  may  be         p  sed       th      t  t  th  t  th         g     1  f  f         al 

differentiation  was  probably  thmlt  t  t  tml         dfmi         ga 

close  juxtaposition  on  th  pi     t  b  t  th  t  1  m        p  t    t      d 

favourable  for  the  maint  t  th  h       th       !      ly         tigu  11    d  t 

unite,  but  those  of  diffe      tdsct  rt  mtfdff  td         t 

being  established  as  the         t  f  bl        Th  f  th    d  ff  f  d         t 

associated  with  a  maxim  m     f  se      I  p  t      y        bt       d  wh      th  1      II    b  I    g 

to  different  individuals  of  th    sam      p  Th       rr     g  t    d         bed       th    p 

ceding  paragraphs  which  f    t  d       p  Ijg  my  d   1      m  d   h  gamy  dm  rph 

the   impotence   of    polle  thlg  fh         mfl  {  C  ryd  I  d 

Oncidium),  the   mechanic  1         t  f  d       g      It  t    1 1     t  p       bl      (as 

in  Aristolocbia  Chmditii,  myOhdie.'fe)  dff        tm  fp  tgth 

cross-fertilisation  of  indiv  dlblggtth  p  t  dgtl 

possible. 


CHAPTER    VIJ. 

THE    ORIGIN    OF    SPECIES. 

Sect.  35. — Ori^n  of  Varieties.  The  characters  of  plants  are  transmitted  to 
their  descendants,  or,  in  olher  words,  are  tiereditary.  But,  in  addition  to  the  inherited 
properties,  new  characters  may  arise  in  a  smaller  or  larger  number  of  the  descendants 
of  a  plant  which  were  not  possessed  by  the  parent-plants.  Thus,  for  example, 
Descemet  obtained  in  1803',  among  the  seedlings  from  Robinia  Pseud-acacia,  an 
individual  without  spines;  Duchesne,  in  1761',  among  seedlings  of  the  Strawberry, 
one  with  simple  instead  of  trifnliolate  leaves;  and  Godron*,  among  seedlings  of 
Datura  Taiula,  one  with  smooth  instead  of  spiny  capsules. 

'  [See  Darwin,  Variation  of  Animals  and  Plants  under  Domestication,  vol.  II.  chap,  xvii,  where 
several  illustrations  of  the  law  are  given.]| 

'  See  Chevreul,  Ann.  des  sei.  nat.  1846,  vol.  VI.  p.  ij?.  [Joura.  Roy.  Hort.  Soc,  vol.  VI, 
185J,  p.6i.] 

'  For  further  details.  See  Ustcri,  Annalen  der  Bolanik,  vol.  V.  p.  40. 

*  See  NauJin,  Compt.  rend.  1867,  vol.  LXIV.  p.  929. 
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The  characters  which  arise  in  single  descendants  are  often  only  individual, 
I.  e.  they  are  not  again  transmitted  to  their  descendants.  Thus  the  seeds  of  the  un- 
armed JRobinia  produce  again  spiny  plants  resembling,  not  their  immediate  ancestor, 
but  more  remote  ones ;  while  in  other  cases  the  new  character  is  hereditary,  though 
at  first  perhaps  only  partially  so,  the  new  form  making  its  appearance  only  in  a 
certain  proportion  of  the  descendants,  while  the  others  revert  to  the  original  form,  as 
jn  Duchesne's  unifoliolate  Strawberry. 

When  a  new  character  is  transmitted  by  inheritance  to  new  generations,  the 
number  of  individuals  that  revert  to  the  primitive  form  often  decreases  from  gener- 
ation to  generation,  or  the  hereditary  permanence  of  the  new  character  increases ; 
they  become  more  and  more  constant,  and  sometimes  even  as  much  so  as  those  of 
the  primitive  form.     Such  new  constant  forms  are  termed  Varieties'. 

The  same  parent-form  may  produce  a  smaller  or  larger  number  either  simul- 
taneously or  in  succession,  sometimes  even  hundreds,  of  new  forms ;  and  this  is 
especially  the  case  with  cultivated  plants.  The  enormous  number  of  varieties  of  the 
Dahlia  differmg  in  the  colour  size  and  form  of  the  flowers  and  in  their  mode  of 
growth  now  cultivated  in  our  gardens  have  been  derived  since  1803  from  the  simple 
jellow  blobsomed  prim  t  ve  fo  m  oi Dihlia  variabilis.  The  great  variety  of  Pansies, 
di  tmguished  chiefly  by  the  colour  of  their  flowers,  have  resulted  since  1687  from  the 
cultvation  of  the  Tjj/a  tricolor  of  our  fields  with  small  flowers  almost  uniform  in 
colour^  St  11  more  numerous  are  the  varieties  of  Cuturbiia  Pepo,  diff'ering  not  only 
in  the  form  of  their  fruit  but  also  in  ill  other  characters ;  and  the  same  is  the  case 
with  the  Cabbage  {Brafstcz    I  raced)  and  a  vast  number  of  other  cultivated  plants. 

Some  plants  have  a  speaal  tendency  to  variation ;  among  native  species,  for 
example  the  fruticose  Ribi  and  those  of  Rosa  and  Hieracium ;  others,  on  the  con- 
trary are  distinguished  by  great  constancy  in  their  characters,  as  for  example  Rye, 
which  has  as  jet  priduced  no  hereditary  varieties,  notwithstanding  long  cultivation  ; 
while  the  nearh  related  species  of  Wheat  (especially  Triiicum  vulgare,  amyleum  and 
Spella)  are  distinguished  by  i  numbei  of  old  varieties  and  an  ever- increasing  number 
of  new  ones 

By  far  the  e;reater  number  jf  hereditary  varieties  are  the  product  of  sexual  repro- 
duction thus  among  Phanerogams  the  new  characters  appear  suddenly  in  individual 
seedlings  which  d  ff'er  at  once  from  the  parent-plant  in  these  respects.  Sometimes 
however  it  happens  that  particulir  buds  develope  differently  from  the  other  shoots 
of  the  same  stock  and  of  his  Sud  ariation}  two  difl'erent  cases  must  be  carefully 
distinguished  <;  nee  their  significance  is  altogether  different.  In  the  one  case  the  ab- 
normal shoot  of  a  stock  whch  itself  belongs  to  a  variety  resembles  of  reverts  to 
the  primitive  form  and  this  therefore  is  an  instance  not  of  the  production  but  of 
the  cessation  of  a  new  form  In  the  Botanic  Garden  at  Munich  there  is,  for  example, 
a  Beech  tree  w  th  divided  lea\es  itsell  a  variety,  a  single  branch  of  which  bears  the 

'  For  examples  see  tlofmeister  AUgen  eine  Morphologie,  p.  565. 

'  Darwin  The  \  a   a   on  of  An  na  s  and  Plants  under  Domestication,  vol.  I,  p.  368  et  sej. 

'  [T.  Meehan  adduces  a  number  of  lemarkable  instances  of  bud-variation  in  which  hybiid- 
isation  could  not  have  taken  any  part; — in  Rvhug  which  rarely  produces  seeds  in  the  wild  state, 
ConvaXvulus  Batatas,  which  seldom  flowers  in  America,  &c.  See  Proceedings  of  the  Philadelphia 
Acad,  of  Nat.  Sd.  Nov,  29,  1870.] 
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ordinary  undivided  entire  leaves,  or  has  reverted  to  the  primilive  form.  In  the  second 
case  new  characters  not  previously  displayed  arise  on  particular  shoots  of  a  stock. 
Thus,  for  instance,  single  shoots  of  the  Myrtle  are  sometimes  found  with  leaves  in 
alternating  whorls  of  threes,  instead  of  in  pairs;  but  these  shoots  again  produce  from 
the  axils  of  their  leaves  the  ordinary  branches  with  decussate  leaves.  Knight  (see 
Darwin,  /.  c.  vol.  I.  p.  375)  observed  a  Cherry  (the  May  Duke)  with  one  branch  bear- 
ing fruit  of  a  longer  shape  which  always  ripened  later.  The  common  '  Moss-Rose' 
Is  considered  by  Darwin  (/.  c.  p.  379)  to  have  probably  arisen  by  'bud-variation' 
from  R.centifolia;  the  white  and  striped  Moss- Roses  made  their  appearance  in  ijS8 
from  a  bud  of  the  common  red  Moss-Rose ;  Rivers  states  that  the  seeds  of  the  simple 
red  Moss-Rose  almost  always  again  produce  Moss-Roses'. 

Those  changes  which  are  produced  in  a  plant  by  the  nature  of  its  food  and 
Other  external  conditions  must  not  be  confounded  with  variation.  Specimens  of  the 
same  plant  often  differ  conspicuously  in  the  size  and  number  of  their  leaves,  shoots, 
flowers,  and  fruits,  according  as  their  supply  of  food  has  been  abundant  or  deficient ; 
deep  shade  frequently  occasions  the  most  striking  changes  in  the  habit  of  plants  that 
usuaOy  grow  in  sunshine ;  but  these  changes  are  not  hereditary ;  the  descendants  of 
such  individuals  revert,  under  normal  conditions  of  light  and  nutrition,  to  the  original 
characters  of  the  species. 

Those  characters,  on  the  contrary,  which  may  become  hereditary  or  form  the 
groundwork  of  laneties  arise  mdependently  of  the  direct  influence  of  soil,  locality, 
climate  or  other  external  influences;  they  appear  seemingly  without  any  cause.  We 
must  therefore  absume  e  ther  that  external  impulses  which  are  altogether  imper- 
ceptible first  cause  an  imperceptible  deviation  in  the  process  of  development,  which 
IS  aSwajs  e\treme!j  complicated  and  that  this  variation  gradually  increases  until  it 
becomes  perceptible  or  that  the  processes  in  the  interior  of  the  plant  itself  react 
upon  one  another  in  such  a  manner  as  to  cause  sooner  or  later  an  external 
change 

The  fact  that  wild  plants  when  cultivated,  usually  begin  to  produce  hereditary 
varieties  shows  that  the  change  in  the  external  conditions  of  life  disturbs  to  a 
certain  extent  the  ordiniry  process  of  development;  but  it  does  not  show  that  par- 
ticular external  influences  produce  particular  hereditary  varieties  corresponding  to 
them ,  for  under  the  same  conditions  of  cultivation  the  most  different  varieties  arise 
simultaneous!}  or  successively  from  the  same  parent-form.  The  same  is  the  case 
also  in  nature  with  \tild  plants  in  the  same  locality  under  precisely  the  same  vital 
conditions  a  number  of  varieties  are  often  found  by  the  side  of  their  parent-form,  and 
the  same  variety  is  often  found  in  the  most  diverse  localities*.  It  is  for  this  very 
reason— because  varieties  are  to  so  great  an  extent  independent  of  external  influences 
— that  they  are  he  el  a  y  A  change  produced  in  a  plant  by  moisture,  shade,  or  any 
similar  cause,  is  no    h    ed  because  its  descendants,  when  placed  under  other 

vital  conditions,  a  qu  a  a  n  other  non-permanent  characters.  That  hereditary 
characters,  or  those  wh   1    n  aj  b  come  so,  are  not  produced  by  external  influences, 

*  [See  also  M.  J.  Masters,  On  a  pirk  sport  of  the  Gloire  de  Bijon  Rose,  Jaum.  Roy.  Hort.  Soc. 
new  series,  vol.  IV.  p.  153. — Braun,  Abhand.  d.  Berl.  Akad.  1859,  p.  219. 

"  Further  details  on  this  important  subject  are  given  by  Nagcli  in  the  Sitzungsberichte  der  kbii. 
i^er,  AUd.  rier  Wiss.  Dec.  15,  1865. 


vGooqIc 


ORIGIN  OF   VARIETIES.  923 

is  proved  most  conclusively  by  the  fact  that  seeds  from  the  same  fruit  produce 
different  varieties,  either  exclusively  or  together  with  the  hereditary  parent-form. 

Although  the  production  of  varieties  and  the  form  they  assume  are  not  the 
direct  results  of  external  influences,  yet  the  continuance  of  the  existence  of  a  variety 
may  be  determined  by  these  influences.  When  a  variety  is  produced,  the  question 
arises  whether  it  will  thrive  best  in  damp  or  in  dry  ground,  in  sunny  or  shady  places, 
and  so  forth ;  whether  it  can  reproduce  itself  under  these  circumstances,  or  whether 
it  will  die  out.  The  conclusion  follows  that  hereditary  varieties  arise  independently 
of  direct  external  influences,  but  that  the  continuance  of  their  existence  depends  on 
external  causes.  A  variety  which  occurs  only  in  a  particular  locality  is  not  produced 
by  the  conditions  of  this  particular  locality;  but  it  alone  furnishes  the  peculiar  con- 
ditions of  life  which  this  particular  variety  requires,  while  other  varieties  which  have 
arisen  at  the  same  place  disappear. 

It  has  already  been  shown  in  Sect.  34  that  hybrids  show  in  general  a  tendency 
to  the  production  of  varieties.  Two  different  sets  of  hereditary  characters  are  com- 
bined in  a  hybrid,  and  there  is  hence  a  strong  tendency  towards  the  formation  of  new 
characters  which  may  be  more  or  less  hereditary.  Hybridisation  is  therefore  one  of 
the  most  important  means  at  the  command  of  the  horticulturist  for  disturbing  the 
constancy  of  inherited  characters  and  producing  a  number  of  varieties  from  two  dis- 
tinct ancestral  forms'.  But  even  the  ordinary  sexual  union  of  two  individuals  of  a 
species,  as  in  dicecious,  dichogamous,  or  dimorphic  plants,  may  be  considered  as  a 
kind  of  hybridisation ;  in  these  cases  also  the  individuals  which  unite  must  cer- 
tainly be  different,  since  otherwise  their  cross- fertilisation  would  be  no  more  pro- 
ductive than  self-fertilisation.  In  these  cases  therefore  two  sets  of  characters  which 
diff'er,  though  it  may  be  but  slightly,  also  unite  in  the  descendants ;  and  if  a  hybrid 
from  two  different  species  exhibits  a  strong  tendency  to  variation,  the  cross-fertil- 
isation of  two  different  individuals  of  one  and  the  same  species  may  at  least  give 
rise  to  a  slight  tendency  in  the  same  direction.  It  is  therefore  probable  that  in  the 
cross-fertilisation  of  different  individuals — towards  which  there  is  always  a  tendency 
in  tmture  even  in  hermaphrodite  flowers— we  have  a  perpetual  cause  of  variation  in 
plants.  But  this  is  by  no  means  the  only  cause  of  variation,  as  is  shown  by  Che 
existence  of  bud-variation,  and  by  the  reflection  that  the  difference  between  indi- 
viduals which  produce  a  variable  progeny  is  itself  due  to  s]igl\t  variation. 

A  great  numbei"  of  facts  point  to  the  conclusion  that  almost  every  plant  has  a  tendency 
to  vary  continnaJljr  and  in  different  directions,  while  every  new  character  which  is  not 
produced  directly  by  external  agencies  tends  at  the  same  time  to  become  hereditary. 
If  notwithstanding  this  many  wild  plants  and  some  cultivated  ones  are  very  constant  and 
produce  no  varieties  which  can  be  distinguished  externally,  this  is  mainly  the  result  of  the 
fact  that  the  newly  produced  varieties  are  unable  to  exist  in  the  conditions  by  which  they 
are  surrounded,  or  at  least  soon  disappear,  a  point  to  which  I  shall  recur  more  in  detail. 
The  hereditary  transmissibility  of  acquired  characters  exhibits  itself  in  a  most  peculiar 
way  when  it  does  not  affect  the  whole  of  the  parent-plant,  bat  only  a  particular  branch. 
A  still  more  remarkable  case  was  observed  by  Bridgman.  He  noticed  that  the  spores 
from  the  lower  inner  paft  of  the  lamina  of  the  leaves  of  the  varieties  Scolapendrium 

'  See  also  Naudin,  Compt.  rend.  1864,  vol.  LIX.  p.  837.     [Jourii.  Roy.  Horl.  Soc,  new  series. 
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■vulgare  laceratum  and  S.  vulgare  Crhta-galli,  which  was  of  the  normal  fnmn,  uniformly 
produced  plants  of  the  normal  parent-form,  while  those  produced  on  the  outer  abnormal 
part  of  the  leaf  reproduced  the  special  varieties'. 

Sect.  36.  —  Accumulation  of  new  characters   in   the   reproduction   of 

varieties.  The  difference  between  a  variety  and  its  parent-form,  or  between  the 
varieties  of  a  common  parent-form,  is  usually  at  first  small  and  affects  only  a  few 
characters.  But  the  descendants  of  the  variety  may  again  vary,  the  new  characters 
may  thus  become  intensified,  and  other  new  characters  of  a  different  kind  may  be 
added  to  them.  The  amount  of  difi^erence  between  parent-form  and  variety  and 
between  the  various  varieties  of  the  same  parent-form  thus  becomes  greater ;  and  if 
the  tendency  of  the  characters  to  become  hereditary  increases  with  the  increase  of 
their  difference,  the  variety  comes  at  length  to  differ  so  greatly  from  the  parent-form 
that  their  genetic  connection  can  only  be  proved  historically  or  by  the  existence  of 
transitional  forms.  This  is  the  case  with  many  of  our  cultivated  plants,  as  e.g.  the 
Pear,  which  varies  much  even  in  the  wild  state,  but  under  cultivation  has  altered  its 
mode  of  growth,  form  of  leaf,  flower,  and  especially  its  fruit,  to  such  an  extent  that 
it  would  be  impossible  to  suppose  the  finest  sorts  of  Pears  to  be  descendants  of  the 
wild  Pyrus  communis,  if  Decaisne  had  not  proved  their  genetic  connection  by  the 
study  of  the  transitional  forms  (Darwin,  /.  c.  vol.  I,  p.  350).  In  the  same  manner  it 
scarcely  admits  of  a  doubt  that  all  the  cultivated  kinds  of  Gooseberry  are  descended 
from  the  wild  Ribes  Grossularia  of  Central  and  Northern  Europe ;  and  Darwin 
brings  forward  historical  evidence  to  show  that  the  size  of  the  fruit  has  been  con- 
tinually increased  by  cultivation  since  1786,  so  that  in  1852  it  had  attained  the 
weight  of  895  grs.  Darwin  found  that  a  small  apple  6^  inches  in  circumference 
weighed  as  much  {/,  c.  p.  356).  The  different  varieties  of  Cabbage  are  all  descended 
from  one  parent  species,  or,  according  to  Alph.  de  Cindolle,  from  tno  or  three 
closely  related  ones  still  growing  in  the  neighbourhood  of  the  Mediterranean  In 
this  case  hybridisation  has  also  cooperated  ;  the  varieties  are  for  the  most  part 
hereditary  but  without  anj  great  constancy.  The  extent  of  the  variation  which  has 
taken  place  under  cuUnation  is  shown  by  the  existence  on  the  one  hand  of  'ihrubby 
forms  with  branching  wood}  stems,  10  to  la  or  e\en  16  feet  high,  on  the  other 
hand  of  the  round  Cabbage  with  a  short  stem  and  a  spherical,  pointed,  or  broad 
head  consisting  of  leaves  closely  packed  one  over  another,  arid  a^ain  of  the  Savoy 
with  its  curled  blistered  leaves,  the  Kohl-Rabi  with  its  stem  swollen  below,  the  Cauli- 
flower with  its  crowded  monstrous  flowers,  Ac." 

In  the  case  of  many  cultivated  plants  the  original  wild  form  is  unknown.  It  is 
possible  that  in  a  few  cases  it  may  have  disappeared ;  but  it  is  more  probable 
that  the  varieties  which  have  arisen  under  cultivation  have  gradually  acquired  such  a 
number  of  new  characters  that  their  resemblance  to  the  wild  parent-form  can  no 
longer  be  traced.  This  is  probably  the  case  with  the  cultivated  Cueurbitacese, 
Gourds,  Bottle-Gourds,  Melons,  Water-Melons,  &c.,  the  hundreds  of  varieties  of  which 

'  Ann.  and  Mag.  Nat.  Hist,  third  series,  vol.  VIII,  1S61,  p.  490;  Darwin,  ).  e.  vol.  II.  p.  313. 
Also  Nageli,  Siliungsbetichte  d.  k.  tajer.  Akad.  d.  Wiss.  1866,  p.  274. 

'  See  Metzger,  Landwirthscliaftliche  Fflanzenkunde,  Frankfurt  a.  M,  1851,  p.  1000;  and 
Darwin.;.r,vol.  I,  p,3^3. 
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have  been  traced  back  by  Naudin  to  three  primitive  forms,  Cucurbiia  Pepo,  maxima, 
and  moschata,  neither  of  which  however  is  known  in  the  wild  state.  These  original 
forms  have  been  as  it  were  evolved  from  the  re'iemblances  and  dfferences  of  the 
numberless  vane  es  and  have  onlj  an  ideal  existence  it  is  doubtful  whether  eill  er 
of  them  ever  actuallj  existed  or  whether  hese  deal  parent  forms  do  not  merelj 
correspond  to  three  princ  pal  vanet  es  which  arose  from  a  single  pnmitive  form 
which  possibly  still  exists  or  from  the  hjbndisatjon  of  several  The  characters  of 
manj  of  these  varieties  are  perfectly  hereditarj  ind  all  the  organs  show  the  greitest 
degree  of  variat  on  how  great  and  vanoas  these  differences  are  if  seen  from  the 
fict  tl  at  Niudin  ha&  divided  the  group  of  forms  which  he  includes  under  the  name 
Cu  urh  ta  P  fo  into  seven  sections  each  of  which  aga  n  includes  a  nuraber  of 
subordinate  varietie&'  The  fruit  of  one  vanetj  exceeds  thvt  of  inother  variety 
more  than  two  thousand  fold  in  size  the  original  form  f  the  fruit  is  pr  bablv 
ovoid,  but  in  some  varieties  it  is  elongated  mto  a  cj  Under,  n  others  abbrev  ated  into 
a  flat  plate ;  the  colour  of  the  rind  varies  almost  infinitely  in  the  different  varieties ; 
in  some  it  is  hard,  in  others  soft;  some  have  a  sweet,  others  a  bitter  flesh;  the 
seeds  vary  in  length  from  5  or  7  to  25  mm.;  in  some  the  tendrils  are  of  enormous 
size,  in  others  they  are  altogether  wanting ;  in  one  variety  they  are  transformed  into 
branches  which  bear  leaves,  flowers,  and  fruits.  Even  characters  which  are  normally 
constant  throughout  entire  natural  orders  become  extremely  variable  in  the  Gourds ; 
thus  Naudin  (Compt.  rend.  1867,  vol.  LXIV.  p.  929)  describes  a  Chinese  variety  of 
Cucurbita  maxima  which  has  a  perfectly  free  or  superior  ovary,  whereas  it  is  inferior 
elsewhere  in  the  CucurbilaceEe  and  in  the  nearly  allied  orders".  The  varieties  of 
Melon  (Cucumis  Mdo)  Naudin  divides  into  ten  sections,  which  differ  also  not  only 
in  their  fruit,  but  also  in  their  leaves  and  their  entire  habit  or  mode  of  growth. 
Some  Melons  are  no  larger  than  small  plums,  others  weigh  as  much  as  66  lbs. ; 
one  variety  has  a  scarlet  fruit;  another  is  only  i  inch  in  diameter  but  3  feet  long, 
and  is  coiled  in  a  serpentine  manner  in  all  directions,  the  other  organs  being 
also  greatly  elongated.  The  fruits  of  one  variety  can  scarcely  be  distinguished 
externally  or  internally  from  Cucumbers;  one  Algerian  variety  suddenly  splits  up 
into  sections  when  ripe  (Darwin,  I.e.  vol.  I.  p.  357). 

The  behaviour  of  the  genus  Zea  is  similar  to  that  of  Ctirurh'la.  The  cultivated 
varieties  of  Maize  are  probably  descended  from  a  single  primitive  wild  form  which 
has  been  cultivated  in  America  for  a  very  long  period ;  but  it  seems  doubtful  whether 
the  native  Brazilian  species,  the  only  one  known  in  the  wild  state,  with  long  glumes 
enveloping  the  grains,  is  the  primitive  form ;  ifit  is  not,  then  no  plant  is  now  known 
which  can  be  considered  as  the  ancestral  form  of  our  numerous  and  extremely  diverse 
varieties  of  Maize.  In  this  case  also  continued  cultivation  has  increased  the  amount 
of  difference  between  the  different  varieties,  as  well  as  to  a  prodigious  extent  that 
between  them  and  the  primitive  form ;  and  the  separate  varieties  are  distinguished 
from  one  another  by  a  number  of  different  characters.  Some  are  only  i|  feet  high, 
others  as  much  as  15  to  18  feet;  the  grains  stand  on  the  rachis  in  rows  varying  from 

■■  See  Metiger,  X^ndwirthschaftliche  PBanjenkunde,  p.  69J,  and  Darwin,  I.  c.  vol.  I.  p.  358. 

'  Hooker  states  that  a  specimen  oi  Begoma  /risida  at  Kew  produced,  in  addition  to  mile  and 
female  flowers  wltli  inferior  ovary,  also  hermaphrodite  flowers  with  superior  ovary.  This  variation 
was  the  product  of  seeds  from  ajjormal  flower.     (Darwin, ;.  c.  p.  365.) 
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iix  to  twent>  in  number  thev  maj  be  white,  yell  ™,  red  orange,  Molet,  streaked 
with  black  blue,  or  copper  red,  their  weight  varies  sevenfold,  their  form  also  varies 
ettremelj  ,  there  are  varieties  with  three  kindt,  of  fruit  of  different  form  and  colour 
on  one  rachis  and  a  gre'tt  number  of  other  differences  also  occur'.  These 
mstances  maj  suftice  to  show  to  whit  an  extent  the  amount  of  deviation  of  the 
vaneties  of  a  primitive  form  may  mcrease  under  cultivation " 

It  is  much  more  difficult,  and  to  a  greit  extent  impossible,  to  prove  directly  to 
what  extent  the  variation  of  wild  forms  can  increase  without  cultivation,  because 
historical  evidence  is  in  this  case  generally  impossible  or  can  onlj  be  obtamed  indi- 
rect!) or  conjccturally.  But  since  the  laws  of  \ariation  ire  unquestionably  the  same 
in  the  case  of  wild  as  of  cultivited  plants — although  they  operate  in  the  two  cases 
under  different  conditions — we  may  for  the  present  at  least  assume  as  probable  that 
plants  vary  as  greath  in  the  wild  as  m  the  cultivated  state  We  shall  however  in  the 
sequel  have  to  examine  a  number  of  weighty  considerations  which  lead  to  the  con- 
clusion that  variation  has  produced  infinitely  greater  effects  in  originating  the  various 
wild  forms  of  plants  than  those  which  we  perc-ive  in  cultivated  varieties'' 

The  viTiation  of  cultivated  plants  shows  that  there  is  onlj  oie  cause  for  the 
internal  and  for  the  external  heredilar)  resemblance  between  difterent  plants,  and 
that  this  cause  is  the  common  ongm  of  similar  forms  from  one  and  the  same 
ancestral  form  When  we  meet  with  corresponding  phenomena  in  wild  forms,  and 
when  we  find  that  with  them  dissimilar  forma  are  connected  b;  a  series  of  inter- 
mediite  forms  just  as  we  find  to  be  the  c^se  between  the  primitive  forms  of  culti- 
vated plants  and  their  most  abnormal  varieties  we  are  forced  to  the  conclusion  that 
in  wild  plants  also  -1  similar  affinitj  is  the  onl)  cause  of  resemblance  The  extra- 
ordinarily numerous  forms  for  example,  of  the  widely  distributed  genus  Huracium 
present  phenomena  similar  in  man)  respects  to  those  of  cultivated  Gourds,  Cab- 
bages, &c  In  addition  to  a  number  of  forms  which  are  considered  t3  be  species, 
there  are  a  stil!  greater  number  of  intermediate  forms,  some  of  which  only  are 
hvbnds,  the  greater  pirt  perfectly  fertile  vanetit-s  Nigeh',  who  has  made  this  genus 
the  subject  of  close  study,  sa^s  — 'If  an  attempt  is  made  to  unite  into  a  single 
species  all  the  ti  pes  which  are  connected  by  perfectly  fertile  transitional  forms,  we 
should  find  only  three  species  of  native  Hieracia,  which  have  been  erected  by  some 
authors  into  distinct  genera  : — Pilosella  (PiloselloideEe),  Hieracium  [Archieraeiuni), 
and  Chlorocrepis  (H.  staticifelium).  Between  these  three  groups  we  have,  at  least 
in  Europe,  no  transitional  forms;  hybrids  between  Piloselloideffi  and  Archieracium 

'  See  Darwin,  t.  c.  vol,  I.  p.  3S5,  and  Metzger,  /.  c.  p.  207.  No  great  value  with  reference  to 
variation  and  the  constancy  of  varieties  must  be  set  on  the  result  of  experiments  on  cultivated  plants, 
since  the  possibility  of  hybridisation  was  not  escluded.  Some  varieties  of  Maize  appear  to  hybridise 
with  difficuUy. 

"  Farther  material  will  be  found  collected  in  Darwin's  and  Metzger's  works  already  quoted,  and 
in  De  Candolle.  Geographic  botaniqne,  Paris  1855. 

=  [H.  Hoffmann  gives  in  the  Bot.  Zeit.  for  April  17  and  May  I,  1874,  an  account  of  an  inter- 
esting series  of  enperiments  on  the  extent  to  which  the  characters  which  distinguish  the  allied 
species  Papaver  Riceas  and  duhium  and  Phastolus  vulgaris  and  multijlorus  can  be  made  to  vary  by 
cultivation,  and  on  the  tendency  of  the  cultivated  varieties  to  revert  to  the  parent-form.  See  also 
his  'Ruckblick  auf  meme  Variations-Versuche  von  1855-1880,'  Bot.  Zeitg.  18S1.] 

'  Silzungsberichte  der  kon.  bayer.  Akad.  der  Wiss,  March  10,  1S66. 
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have  been  erroneously  slated  to  occur,  but  the  alleged  hybrids  are  either  true  Pilo- 
selloidefe  or  true  Archieracia.  .  .  .  According  to  the  present  state  of  our  knowledge, 
no  other  hypothesis  is  possible  but  that  all  the  various  species  of  Hieradum  have 
sprung  from  the  transmutation  (descent  with  variation)  of  forms  which  have  either 
disappeared  or  are  still  in  existence;  and  a  large  number  of  the  intermediate  forms 
■still  occur  which  must  have  had  their  share  in  producing  several  new  species  by  the 
splitting  iip  of  one  original  species,  or  which  would  have  occurred  in  the  transform- 
ation of  a  still  living  species  into  one  derived  from  it.  In  the  case  of  Hieracium  the 
species  have  not  become  so  completely  separated  by  the  suppression  of  the  inter- 
mediate forms  as  is  the  case  in  most  other  genera.' 

By  the  term  Species  is  meant  the  aggregate  of  all  the  individual  plants  which  have  the 
same  constSnt  characters,  these  characters  being  different  from  those  of  other  somewhat 
similar  forms.  It  is  clear  from  what  has  already  been  said  that  the  only  distinction 
between  varieties  of  a  known  primitive  form  which,  have  become  constant,  and  the  wild 
species  comprised  within  a  genus,  is  that  in  one  case  their  descent  is  known,  in  the  other 
it  is  not.  The  various  cultivated  varieties  of  a  primitive  form  which  have  become  con- 
stant are  linked  together  by  intermediate  forms  in  which  the  progressive  accumulation 
of  new  varietal  characters  may  be  perceived ;  but  these  intermediate  forms  may  dis- 
appear, and  then  there  is  a  more  or  less  wide  chasm  between  the  various  varieties  them- 
selves, as  well  as  between  them  and  the  primitive  form.  Both  of  these  cas^  occur  also 
in  wild  plants.  In  some  genera,  like  HUmclum,  species  the  extreme  forms  of  which 
differ  greatly  are  connected  together  by  a  number  of  intermediate  forms  which  occur 
along  with  them.  The  analogy  of  cultivated  plants  justifies  us  in  considering  these 
intermediate  forms  (so  far  as  they  are  not  h>brids)  as  varieties  in  a  progressive  state 
of  development,  some  particular  descendants  of  which  have  advanced  furthest  in  the 
accumulation  of  new  properties.  But  usually  the  intermediate  forms,  the  connecting 
links  so  to  speak  between  the  ancestral  and  the  derived  forms,  have  disappeared ;  and 
the  species  of  the  same  genus  are  then  csmpletely  separated  from  one  another,  and  their 
characters  are  at  once  d  t  g  h  bl  Th  d  fl  t  p  es  f  the  same  genus  agree 
among  one  another  in  mb        1    nl      f  d     1   ract  d     re  distinguished  by 

only  a  few  constant  ch        t  rs     th  t    f  bl  h  greater  than  the 

amount  of  difference.     Th  It        hpth      fre         tbtina  greater  degree, 

between  the  various  sp  f  g  asbtw         dift      rieties  of  the  same 

primitive  form.     Since  tl  pi       t  k  f  th         1  t    nship  than  common 

descent  with  variation  and  the  heredity  ot  the  new  characters,  we  are  entitled  to 
consider  the  species  of  a  genus  as  varieties  of  a  common  ancestral  form  which  have 
developed  further  and  become  constant,— the  original  form  having  possibly  actually 
disappeared  or  being  no  longer  recognisable  as  such.  There  is  therefore  no  natural 
boundary-line  between  variety  and  species ;  they  differ  only  in  the  amount  of  divergence 
of  the  characters  and  in  the  degree  of  their  constancy.  Just  as  a  number  of  varieties  are 
included  in  the  idea  of  a  species — the  varietal  characters  being  neglected  in  the  diagnosis 
of  the  species- — so  several  species  are  united  into  a  genus  by  including  in  the  diagnosis  of 
the  genu'  a  maximum  of  their  common  characters  But  since  it  is  impossible  either  to 
determine  by  measure  or  b)  weight  tie  m>st  mportait  characters  of  a  plant,  it  is 
difticuit  and  to  a  certain  extent  in  poss  ble  to  define  i  e  to  determine  by  convention 
whit  amount  ot  d  fferentiadon  is  neeessarj  in  order  to  classify  two  different  but  similar 
forms  as  species  rather  than  \arieties  In  the  same  manner  it  is  left  to  a  great  degree  to 
personal  judgment  to  decide  whether  two  d  fferent  but  similar  groups  of  forms  should 
be  regarded  as  two  spec  es  each  ncluding  several  var  eties,  or  as  two  distinct  genera 
each  including  several  species  The  only  object  actmliv  presented  to  the  eye  is  the 
induidual  (and  even  this  not  alwajs  as  a  whole)  the  dels  Variety,  Species,  Genvis  are 
abstract  ideas  and  ind  cate  i  progressive  scale  of  the  d  ffereuces  between  individuals 
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which  is  small  in  the  variety,  larger  in  the  species,  and  still  larger  in  the  genus.  But  in 
all  three  cases  the  points  of  difference  are  accompanied  by  a  much  greater  amount  of 
resemblance;  and  since  in  the  phenomena  of  variation  we  learn  that  from  forms  which 
are  similar  others  are  derived  which  are  constantly  becoming  more  different  by  the 
continual  accumulation  of  differences,  we  assume  that  the  higher  degree  of  variation 
of  similar  forms  which  we  express  by  the  terms  Species  and  Genus  has  resulted  from 
the  accumulation  of  new  characters  in  the  variation  from  one  ancestral  form. 

Sect.  37. — Causes  of  the  progressive  development  of  varietiea.  The 
characters  of  the  cultivated  varieties  of  one  parent-form  show,  as  Darwin  was  the 
first  to  point  out,  a  constant  striking  and  remarkable  relation  to  the  purpose  for 
■which  the  plant  was  cultivated  by  man.  The  varieties  of  Wheat  differ  from  one 
another  only  slightly  in  the  form  of  the  haulm  or  leaves,  which  are  of  but  small  im- 
portance to  mankind ;  but  they  show  a  great  variety  and  extent  of  difference  in  the 
form  and  size  of  the  grains,  and  the  quantity  of  starch  and  proteid  contained  in 
them,  ;'.  e.  in  the  characters  of  that  part  of  the  plant  for  the  sake  of  which  Wheat  is 
cultivated,  and  in  those  properties  of  this  part  which  under  various  circumstances  are 
especially  useful  to  mankind.  The  varieties  of  the  Cabbage,  on  the  other  hand,  scarcely 
differ  at  all  in  their  seeds  or  even  in  their  seed-vessels  or  flowers,  the  external  pro- 
perties of  which  are  useless  to  man,  and  the  internal  properties  only  of  value  because 
the  seed  has  to  reproduce  the  variety;  the  varieties  of  Cabbage  differ  exclusively  in 
the  development  of  those  parts  which  are  used  as  vegetables,  and  to  which  therefore 
cultivation  is  directed.  The  object  of  cultivation  is  therefore,  retaining  the  taste  and 
value  as  food  for  man,  sometimes  to  increase  the  succulence  of  the  tissues,  sometimes 
to  attain  as  large  a  size  as  possible,  sometimes  to  alter  the  time  of  the  year  at  which 
the  vegetable  can  be  used.  These  and  a  number  of  other  properties  are  furnished 
by  the  different  varieties  The  varieties  of  Beet  differ  only  slightly  in  their  flowers, 
m  th       1  d    g         1    y  are    grown  in  the  garden    as   ornamental 

f  1         pi  g       1       1       p        h    varieties  in  the  latter  case  differ  from  one 

ah  h  nihpfh  s  and  the  amount  of  sugar  they  contain, 

p    p  h    h  m  k     h    p  1    b     on  the  one  hand  as  food  for  cattle,  on  the 

h     h     d  f      1     m       f  f      g         Fruit-trees  of  the  same  kind  differ  hut 

1  g  1  h  ir  1  flowers,  or   stems,  but  to  an  extraordinary 

n  hape       1  u      m  II  taste,  period  of  maturity,  and  keeping-pro- 

p  f   h     fru  d  h      p    ial  purpose  or  prevalent  mode  in  which  it 

is  employed.  In  garden-flowers  it  is  generally  the  flowers  and  especially  the  corolla 
and  inflorescence  that  differ  in  the  varieties  of  a  species,  because  the  greater  number 
are  cultivated  only  for  the  shape,  size,  colour,  or  odour  of  the  flowers. 

This  relation  of  cultivated  varieties  to  the  requirements  of  man  is  explained  if 
we  suppose  that  only  those  varieties  were  cultivated,  at  first  undesignedly  afterwards 
designedly,  in  which  some  character  useful  to  man  was  more  strongly  manifested 
than  in  the  others ;  those  individuals  were  selected  which  best  answered  to  a  definite 
requirement;  they  alone  were  further  cultivated;  the  particular  character  was  again 
strongly  displayed  in  some  of  their  descendants,  and  only  these  individuals  were 
again  selected  for  reproduction ;  and  the  desired  character  was  thus  confinually  in- 
creased in  strength.  Other  characters  of  the  plant  also  varied  at  the  same  time,  but 
they  were  disregarded,  and  the  individuals  in  which  they  occurred  were  not  preserved 
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for  reproduction,  and  no  increase  of  these  characters  consequently  took  place  from 
generation  to  generation. 

The  greatest  service  which  Darwin  has  rendered  to  science  is  to  have  shown 
that  wild  plants  are  also  subject  to  conditions  of  life  the  effect  of  which  consists  in 
this,  that  only  some  of  ihe  varieties  of  one  primitive  form  maintain  themselves  and 
increase  their  peculiarities,  while  others  perish.  The  relationship  of  the  varying  wild 
plant  to  its  environment  in  the  broadest  sense  of  the  word  is  however  different  from 
that  of  the  cultivated  plant  to  man ;  man  protects  his  charges  in  order  to  preserve 
them ;  he  places  them  under  favourable  conditions  in  order  that  those  properties 
which  are  useful  to  him  may  become  freely  developed.  Wild  plants,  on  the  contrary, 
have  to  protect  themselves  against  all  injury  from  without ;  their  existence  is  con- 
tinually threatened  by  other  plants  or  animals  or  by  the  hostility  of  the  elements ; 
and  in  this  Struggle  for  Existence,  as  Darwin  has  appropriately  termed  it,  only  those 
individuals  are  able  to  maintain  themselves  which  are  best  able  to  resist  the  prejudicial 
influences  to  which  they  are  exposed;  and  only  those  varieties  which  happen  to  be 
the  best  endowed  in  these  respects  will  reproduce  themselves  and  further  develope 
their  special  properties.  Hence  the  characters  of  wild  plants,  as  far  as  they  are  not 
of  a  purely  morphological  nature,  always  show  a  perfectly  definite  relationship  to  the 
conditions  in  which  they  are  placed ;  the  form  and  other  characters  of  the  organs 
have  essentially  for  their  object  to  secure  the  existence  of  the  plant  under  the  local 
conditions  of  its  habitat ;  varieties  and  species  which  are  not  endowed  with  qualities 
to  endure  the  struggle  for  existence  perish.  The  struggle  for  existence  acts  there- 
fore in  a  certain  sense  similariy  to  the  selection  of  the  breeder;  as  the  breeder  de- 
velopes  only  that  which  is  suited  to  his  own  purposes,  so  in  the  struggle  for  existence 
only  those  varieties  survive  and  reproduce  their  kind  which  are  better  adapted, 
through  some  property  which  they  possess,  to  endure  the  struggle.  Thus,  finally, 
through  imperceptible  variation,  through  the  destruction  of  those  characters  which 
are  not  beneficial,  and  through  the  further  development  of  the  useful  ones — in  one 
word,  through  what  may  be  termed  metaphorically  Natural  Selection  by  means  of 
the  struggle  for  existence, — forms  are  produced  which  are  as  well  or  even  better 
adapted  for  the  purpose  of  self-preservation  than  cultivated  plants  are  for  the  pur- 
poses of  man.  By  the  undesigned  reciprocal  influences  of  plants  and  of  their  living 
and  physical  environments,  specialities  of  organisation  finally  arise  which  could 
scarcely  be  better  adapted  for  the  preservation  of  the  plant  under  its  special  local 
conditions,  and  which  give  the  impression  of  being  the  result  of  the  greatest 
ingenuity  and  foresight. 

On  the  other  hand,  certain  specialities  of  organisation  which  are  essential  in  the 
struggle  for  existence  may  disappear  in  consequence  of  continued  cultivation, 
Hildebrand  points  out'  that  Peas,  Beans,  Lentils,  Cereals,  Buckwheat,  all  develope 
under  cultivation  large  heavy  seeds  which  cannot  be  self-sown,  so  that  these  plants 
when  left  to  themselves  do  not  become  wild,  but  disappear  in  consequence  of  having 
lost  the  specialities  of  organisation  which  effect  the  dispersion  of  their  seeds  and 
which  protect  them  from  animals.  The  same  is  the  case  with  cultivated  plants  the 
fruits  of  which  have  been  modified  for  the  use  of  man,  and  have  become  useless  in 

'  Hildebrand,  Die  Verbreitungsmittel  der  Pflanzen,  Leipzig  1873. 
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the  struggle  for  existence  in  the  wild  condition  ;  such  are  cucurbitaceous  plants, 
fruit-trees,  &c.  Cultivation  maj  so  far  affect  edible  fruits  that  they  cease  to  develope 
seeds,  as  in  the  better  kinds  of  Pears,  in  Grapes,  Figs,  Oranges,  Dates,  Bread-fruit, 
and  Bananas  ;  thus  the  first  and  most  important  element  in  maintaining  the  struggle 
for  existence,  namely,  reproduction  by  means  of  seeds,  is  destroyed. 

In  order  to  understand  clearly  how  the  struggle  for  existence  has  caused  the 
existing  wild  forms  of  plants  to  be  so  admirably  adapted  to  their  specific  conditions 
of  life,  it  must  be  borne  in  mind  that  all  plants  are  continually  varying  to  a  very 
slight  extent,  and  that  the  variation  affects  all  their  organs  and  all  their  characters, 
although  usually  to  an  imperceptible  amount.  On  the  other  hand,  the  struggle  for 
existence  in  plants  (as  -well  as  in  animals)  is  a  perpetual  and  never-ceasing  one,  in 
which  the  smallest  advantage  that  the  plant  has  obtained  through  variation  in  any 
one  direction  may  be  of  the  utmost  importance  for  its  perpetuation. 

The  struggle  which  the  plant  carries  on  by  means  of  its  capacity  for  variation 
has  two  different  aspects.  On  the  one  hand  its  tendency  is  to  adapt  its  organisation 
completely  to  the  conditions  of  food  and  growth  afforded  by  the  climate  and  the 
soil.  It  is  evident  that  the  organisation  of  a  submerged  water-plant  must  be  different 
from  that  of  a  land-plant;  that  the  assimilating  organs  of  a  plant  that  grows  in  the 
deep  shade  of  a  wood  must  be  differently  constructed  from  those  of  a  plant  exposed 
daily  to  bright  sunshine,  and  so  forth.  The  conditions  of  life  of  all  plants  growing  at 
a  great  elevation  and  in  Arctic  countries  must  be  different  from  those  growing  in 
the  lowlands  of  the  Tropic  and  Temperate  zones.  If  we  had  to  do  only  with  these 
general  conditions  of  plant-life,  the  struggle  for  existence  would  be  a  coipparatively 
simple  process.  It  would  be  easy  to  imagine  how,  among  the  varieties  of  a  primitive 
form  which  grew  in  water,  there  would  be  some  which  would  be  occasionally  sub- 
jected to  a  subsidence  of  the  water,  and  how  these  would  give  birth  to  descendants 
which  would  gradually  assume  the  character  of  marsh-  and  finally  of  land-plants, 
as  is  well  illustrated  in  the  case  of  Nasturtium  amphibium.  Polygonum  amphibittm, 
&c.'  It  may  also  be  supposed  that  some  of  the  descendants  of  a  plant  exhibit  a 
somewhat  greater  power  of  resisting  frost,  that  this  property  increases  in  the  course 
of  generations,  and  that  thus  a  form  which  can  at  first  only  bear  a  temperate  climate 
gradually  produces  varieties  which  can  endure  a  more  and  more  severe  climate  ;  and 
so  forth.  Even  these  comparatively  simple  conditions  would  necessarily  lead  to  a 
great  diversity  in  the  varieties  descended  from  one  ancestral  form ;  for  each 
adaptation  to  new  conditions  of  climate  or  locality  would  act  in  different  ways ; 
i.e.  varieties  of  different  descriptions  would  take  up  and  carry  out  in  different 
■ways  the  struggle  against  the  influences  of  the  elements. 

But  the  struggle  for  existence  and  the  changes  occasioned  by  it  in  the  organ- 
isation of  plants  are  greatly  complicated  by  the  fact  that  every  plant,  while  struggling 
to  adapt  itself  to  its  special  conditions  of  life,  has  also  to  protect  itself  at  the  same  time 
against  a  number  of  other  plants  and  against  the  attacks  of  animals ;  or,  what  is  more 
to  the  point,  its  capacity  for  variation  enables  it  to  make  use  of  particular  favourable 
conditions  which  are  offered  to  it  by  other  plants  and  animals  in  order  to  take  ad- 

this  coTmection  to  Hildebrand's  observation    on  Marsilia  in  Hot. 
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vantage  of  them  ;  as  parasites  of  their  hosts,  dichogaraous  and  other  flowering  plants 
of  the  visits  of  insects,  &c.  These  relationships  are  endless  in  their  diversity,  and 
can  only  be  illustrated  by  examples. 

We  must  here  call  special  attention  to  a  remark  of  Darwin's ;  that  the  indi- 
viduals of  the  same  species  or  variety  are  competitors  for  position,  food,  light,  &c. 
The  fact  that  plants  of  the  same  species  have  the  same  requirements  itself  gives  rise 
to  a  struggle  for  existence  among  (hem  ;  and  the  same  is  the  case,  though  to  a  some- 
what smaller  but  still  to  a  great  extent  between  the  different  varieties  of  the  same 
primitive  form,  to  a  less  extent  between  different  species  and  genera.  The  result  of 
these  relationships  is  seen  on  the  one  hand  in  the  fact  that,  in  the  case  of  plants  which 
Uve  socially,  only  the  most  vigorous  seedlings  arrive  at  full  maturity,  while  the  weaker 
ones  are  smothered,  as  may  be  seen  in  any  young  plantation ;  on  the  other  hand,  that 
species  and  genera  which  differ  greatly  from  one  another  can  thrive  side  by  side, 
because  their  requirements  are  different  and  the  competition  between  them  is  less. 

From  the  fact  that  plants  whose  organisation  differs  can  thrive  better  side  by 
side  on  the  same  soil  in  consequence  of  the  diminished  competition  between  them, 
Darwin  drew  the  important  and  pregnant  conclusion  that  in  the  propagation  of  the 
varieties  of  one  primitive  form  those  new  forms  must  be  the  best  able  to  maintain 
themselves  in  the  wild  state  which  differ  most  from  the  primitive  form  and  from  one 
another,  whereas  the  intermediate  forms  must  be  gradually  dispossessed.  This  is  the 
reason  why  the  connecting  forms  between  the  different  species  of  a  genus  are  so 
often  wanting,  although  the  conclusion  cannot  be  avoided  that  the  Species  arose 
by  variation  from  a  single  ancestral  form,  and  by  the  propagation  of  varieties. 

Tn  its  broader  features  {and  on  that  account  more  conspicuously)  the  struggle  for 
existence  between  the  various  forms  of  plants,  the  competition  for  space,  food,  and  light, 
is  manifested  in  the  luxuriant  growth  of  what  we  term  weeds  in  our  gardens  and  fields. 
Our  cultivated  plants  are  able  to  bear  our  climate,  and  the  soil  supplies  what  they 
require  for  their  vigorous  growth.  But  a  number  of  wild  plants  are  still  better  adapted 
to  the  climate ;  and  they  grow  still  more  vigorously,  rapidly,  and  luxuriantly  on  cultivated 
soil,  and  their  seeds  or  rhizomes  are  everywhere  present  in  enormous  quantities.  If 
the  cultivated  plants  are  not  carefully  protected  from  the  weeds,  the  latter  soon  dis- 
possess them  of  the  ground  which  was  set  apart  for  them.  Every  country  and  every  soil 
has  its  own  peculiar  weeds ;  i.e.  under  any  particular  external  conditions  there  are  always 
certain  forms  of  plants  which  thrive  best  and  drive  out  the  cultivated  plants.  To  a 
certain  extent  we  have  a  measure  of  the  amount  of  advantage  which  weeds  have  over 
cultivated  plants  in  the  amount  of  bbour  bestowed  by  man  on  their  destruction  in 
order  to  preserve  and  maintain  his  nurselings.  The  primitive  forms  of  our  cultivated 
plants  are  mostly  natives  of  other  countries,  where  they  are  not  only  sufficiently  adapted 
for  the  climate,  but  are  able  to  sustain  competition  with  their  neighbours. 

The  number  of  species  or  of  individuals  of  any  species  which  we  find  in  a  meadow, 
a  marsh,  &c,  is  not  a  matter  of  chance ;  it  does  not  depend  merely  on  the  number  of  seeds 
of  one  or  another  species  produced  or  brought  to  the  locality ;  every  one  of  these  species 
would,  if  it  alone  existed  thereorwereprotectedby  cultivation,  of  itself  cover  the  space  of 
ground  in  a  short  time ;  but  there  is  a  definite  relationship  between  the  numbers  of  indi- 
viduals of  the  different  species  when  left  to  themselves,  a  relationship  which  depends  on  the 
specific  power  of  each  particular  species  to  maintain  itself  in  the  struggle  with  the  rest'. 

'  [How  the  relationship  subsisting  between  the  species  in  permanent  pastures  may  be  disturbed 
by  the  application  of  different  manures,  may  be  seen  in  Lawes  and  Gilbert's  paper  on  this  subject 
in  Journ.  Roy.  Agric.  Soc.'vol.  XXIV,  1863.] 
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How  complicated  may  be  this  relationship  in  tlie  cases  of  only  two  nearly  related 
forms  of  plants  in  their  stniggle  for  existence  in  particular  localities  has  been  described 
as  eshaustively  as  clearly  by  Nageli  in  the  ease  of  various  Alpine  plants.  'The  interne- 
cine war,'  he  says*,  'is  obviously  most  severe  between  the  species  and  races  that  are 
most  nearly  related,  because  they  require  the  same  conditions  of  existence.  Achillea 
mosehata  drives  out  A.  airata,  or  is  driven  out  by  it ;  they  are  seldom  found  side  by  side ; 
while  each  grows  along  with  A.  Millefolium.  !t  is  clear  that  Achillea  mosehata  and  atrata, 
being  extremely  similar  to  one  another  estemally,  make  similar  demands  on  their  en- 
vironment, while  A.  MilhfoHtun,  which  is  less  nearly  allied  to  both,  does  not  properly 
compete  with  them,  because  it  requires  other  conditions  of  existence.     Still  less  do 

plants  of  different  genera  or  orders  compete  with  one  another In  the  Bemina- 

Heuthal  (Upper  Engadin)  Achillea  moicbata,  atrata,  and  Millefolium  occur  in  profusion, 
A.  mosehata  and  Millefalium  on  slate,  A.  atrata  and  Millefolium  on  limestone ;  where 
the  slate  ends  and  limestone  begins,  A.  mosehata  always  ceases  and  A.  atrata  takes  its 
place.  Both  species  are  therefore  here  strictly  circumscribed  as  to  soil,  and  this  \ 
have  found  to  be  the  case  also  at  various  spots  in  Btindten,  where  both  species  occur 
together.  But  where  one  species  is  absent  the  other  is  widely  distributed.  A.  atrata  is 
then  found  indiscriminately  on  slate  or  limestone  :  and  although  A.  mosehata  does  not 
apparently  grow  so  readily  on  limestone  as  A.  atrata  does  on  slate,  yet  in  the  neighbour- 
hood of  the  primary  rocks  it  is  found  on  a  distinctly  calcareous  formation  along  with  the 
vegetation  characteristic  of  it.  In  the  Bemina-Heiithal  I  found  m  the  midst  of  the  slate 
which  was  thickly  covered  with  A.  mosehata  a  large  erratic  block  of  limestone  covered 
with  a  crust  of  soil  scarcely  an  inch  thick,  upon  which  ■»  pitch  of  A  mosehata  Iiad 
established  itself,  because  it  did  not  here  meet  with  inv  competition  from  A  atrata  , 
A  similar  relationship  was  observed  in  certain  diatricts  between  Rbododendron  htrsutum 
and  ferruginetim,  Sausiurea  alpina  and  discolor,  and  between  species  of  the  genera  Genti' 
ana,  Feronica,  EHgeron,  Hieracium,  &c.'  The  obvlons  objection,  that  there  cannot 
possibly  be  any  struggle  between  two  forms  of  plants  as  long  as  there  is  space  for 
both  in  the  area  in  question,  rests  on  an  incorrect  basis,  md  js  disposed  of  by  Nageli 
as  follows :— '  Upon  a  slate  slope  are  a  million  plants  of  A  mosehata  they  obviously  do 
not  occupy  the  whole  space,  for  a  hundred  millions  or  more  could  find  room  there ;  but 
the  rest  of  the  space  is  occupied  by  other  plants.  There  is  here  a  condition  of  equi- 
librium, which  has  been  produced  in  reference  to  the  nature  of  the  soil  and  the  preceding 
climatic  influences.  The  numher  one  million  gives  us  also  the  proportion  which  A, 
mosehata  is  able  to  maintain  in  relation  to  the  rest  of  the  vegetation ;  and  the  objection 
that  there  would  still  be  plenty  of  room  for  A.  atrata  is  an  untenable  one.  If  the  space 
were  accessible  to  species  of  Achillea  generally,  it  would  be  occupied  by  the  species  which 
is  already  present,  and  wh    h  y  h      th       d       tag     A  m     h  If  w 

imagine  that  the  two  sp  hppdf  tbt  d         thitip 

perhaps  in  consequence    f    rt  fi      it    nspl     t    g        eq     I  q       1 1  es  say  5  pi     ts 

of  each,  A.  mosehata  would  th         th    b  tt        f  th     t  th    so  1         t         b  t  1 1  I 

lime;  A.  atrata  would  bmwk  dLt  Isstuddwid  se 

quence  have  less  power  t        tlist  nd       t        1  p    j    1      1      fl  as      mm      f      t 

long-continued  rainy  we  th  p  rs   t     t  d       ght   &,        It  ppo      f  mpl 

that  every  twentieth   or  lift    th  y  ft  rs     t  th     t  t   fl  w        g 

which  destroys  half  the  pi     t       f  yi  h  I     fl      m  g  ^      ai  A        re 

sists  it,  the  voids  are  aga      hll  d     p  bj  th     d   p  t  th  ds    b  t  m        pi     ts    f 

A,  mosehata  spring  up  than  of  A.  atrata,  because  the  number  of  individuals  of  the  latter 
was  reduced  by  the  frost  to  350,000,  while  that  of  the  former  remains  at  500,000.  The 
million  plants  of  Achillea  on  the  slope  will  in  consequence  be  composed  of  say  670,000 

'  Sitzungsber.  der  kon.  bayer.  Akad.  der  Wiss.  Dec.  1:5,  1865.  The  manner  in  which  the  arrange- 
ments for  the  protection  of  the  pollen  with  reference  to  certain  insects  on  llie  one  hand,  and  to 
climatic  influences  on  the  other,  determine  the  distribution  of  certain  plants,  is  dearly  indicated 
by  Kemer  (Scliutzniittel  des  Pollens,  Innsbruck  1873), 
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A.  moscbata  and  330,000  J,  atraia.  After  a  second  frost,  which  again  destroys  one  half 
of  the  individuals  of  J.  airata,  we  should  have  about  800,000  of  ji.  moichata  to  i!oo,ooo 
of  A.  atrata.  In  this  manner  the  number  of  the  latter  would  decrease  with  every 
unusual  summer  frost,  until  at  length  it  entirely  disappeared,  a  nearly-allied  hardier  species 
becoming  distributed  over  the  locality  in  its  place."  In  conclusion,  the  following  remark 
by  the  same  author  may  be  added : — '  From  such  a  course  of  reasoning  the  conclusion 
might  perhaps  be  drawn  that  this  result  would  always  take  place,  and  that  one  of  two 
plants  would  always  be  crowded  out,  because  the  two  could  hardly  be  precisely  equally 
hardy.  But  this  conclusion  would  be  unsound,  because  it  would  hold  good  only  for 
plants  whose  conditions  of  existence  were  as  nearly  as  possible  alike.  We  can  imagine 
another  case  in  which  the  two  species  suffer  injury  from  altogether  dissimilar  external 
influences  (one,  e.g.,  from  spring  frost,  the  other  from  dry  heat),  so  that  sometimes  the 
number  of  individuals  of  one  species,  sometimes  that  of  the  other  species  diminishes, 
and  where  moreover  the  production  and  the  germination  of  the  seeds  are  affected  by 
altogether  dissimilar  external  influences,  so  that  sometimes  the  one  sometimes  the 
other  species  increases  more  rapidly  and  occupies  the  vacant  spots.  The  numerical 
proportion  of  the  two  species  must  in  this  case  be  variable,  but  neither  is  able  to 
expel  the  other.' 

Just  as  the  struggle  between  two  species  is  the  result  of  their  thriving  more  or  less 
vigorously  on  a  soil  of  a  particular  chemical  nature,  so  also  the  need  for  more  or  less 
water,  light,  heat,  &c.  can  determine  also  the  nature  of  the  struggle  for  existence. 
Nageli  gives  some  examples  of  the  first  case.  When  Primula  officinaHs  and  elatior  occur 
together  in  a  district,  they  are  sometimes  sharply  separated  from  one  another,  P.  offici- 
nalis preferring  the  dry,  P.  elatior  the  damp  spots.  Each  is  most  vigorous  in  its  own 
locality,  and  may  expel  the  other.  But  when  only  one  species  occurs,  it  is  not  so 
particular ;  P.  officinalis  will  choose  damper,  P.  elatior  drier  situations,  than  if  they  were 
in  company.  Prunella  -valgarii  and  grandiflom  behave  in  the  same  manner  in  reference 
to  poorer  and  more  fertile  soils ;  as  also  do  Sliinanthus  Atectoralophui  and  minor,  Hitracium 
Pilosella  and  hoppeatrnm. 

These  examples  may  suffice  to  show  what  is  meant  by  the  Struggle  for  Existence.  It 
must  however  be  borne  in  mind  that  such  a  struggle  must  arise  in  reference  to  every 
vital  phenomenon  of  a  plant,  and  to  each  of  its  relationships  to  the  external  world, 
especially  to  the  animal  kingdom ;  and  that  its  course  must  vary  for  the  same  plant 
in  different  localities.  An  understanding  of  the  Theory  of  Descent,  and  especially 
an  insight  into  the  causes  of  the  perfect  adaptations  of  the  organisation  of  the  plant 
to  its  vital  conditions  which  are  often  extremely  local,  depend  essentially  on  a  clear 
comprehension  of  the  struggle  for  existence. 

Sect.  38, — Belationship  of  the  morphological  natm-e  of  the  organ  to 
itB  adaptation  to  the  conditions  of  plant-life.  Every  plant  is  very  accurately 
adapted  (though  not  absolutely  so)  to  the  conditions  and  circumstances  under  which 
it  grows  and  is  reproduced;  its  organs  have  the  shape,  size,  mode  of  develop- 
ment, power  of  movement,  chemical  properties,  &c.  needful  for  this  purpose.  If 
this  were  not  the  case,  tbe  plant  would  inevitably  perish  in  the  struggle  for  existence. 
But  the  vital  conditions  are  extremely  various,  and  undergo,  in  the  course  of  time, 
endless  changes.  The  diversity  in  the  characters  of  plants  corresponds  to  this  infinite 
variety  in  the  conditions  of  life ;  and  yet  even  in  tlje  more  highly  differentiated  classes 
there  are  only  three  or  four  morphologically  distinct  forms  of  structure,  axis  (cau- 
lomes),  leaves  (phyllomes),  roots,  and  trichomes,  which  sufiice  for  these  conditions, 
while  maintaining  a  constant  morphological  character  through  numberless  variations 
in  their  physiological  properties.  This  relationship  has  already  been  described  in 
chap,  iii  of  Book  I  as  the  metamorphosis  of  the  morphological  members  of  a  plant. 
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understanding  by  metamorphosis  the  adaptation  to  various  physiological  purposes  of 
morphologically  equivalent  members.  The  diversity  in  the  physiological  development 
is  related  to  the  conditions  of  life  of  the  plant ;  and  to  this  extent  Metamorphosis  is 
synonymous  with  what  we  have  here  termed  Adaptation,  and  which  has  also  been 
described  as  Accommodation.  When  we  speak  of  Purpose  in  the  structure  of  a 
plant,  we  mean  in  fact  nothing  more  than  that  the  form  and  the  other  characters  of 
the  organ  are  adapted  to  the  conditions  of  its  life,  which  may  be  at  once  inferred  from 
the  very  fact  of  the  survival  of  the  plant  in  the  struggle  for  existence.  The  terms 
Purpose,  Adaptation,  and  Metamorphosis  express  therefore  the  same  thing,  and  may 
be  used  as  synonymous,  as  we  have  already  repeatedly  done^. 

For  the  discussion  of  the  questions  to  be  treated  of  in  the  following  paragraphs 
it  is  important  to  have  as  clear  a  conception  as  possible  of  the  relationship  of  adapt- 
ation to  the  morphological  nature  of  tJie  organs,  and  of  the  great  constancy  of 
morphological  characters  and  the  infinite  diversity  of  metamorphosis ;  for  this  re- 
lationship can  be  explained  by  no  other  theory  than  that  of  descent. 

In  its  most  genera]  features  the  relationship  of  adaptation  to  the  morphological 
nature  of  organs  is  manifested  in  the  fact  that  all  the  various  morphological  members 
perform  the  most  different  functions  and  in  an  infinite  variety  of  ways ;  in  other  words, 
that  the  morphological  nature  of  the  parts  of  a  plant  is  not  directly  determined  by 
their  function,  nor  is  the  function  of  an  organ  determined  directly  by  its  morpho- 
logical nature.  Thus,  for  example,  trichomes  sometimes  take  the  form  of  a  pro- 
tective envelope  (mostly  in  buds),  sometimes  of  glands,  sometimes  of  absorptive 
organs  {as  root-hairs),  sometimes  of  asexual  organs  of  reproduction  (as  the  sporangia 
of  Ferns),  &c.  The  leaves  again  are  usually  organs  of  assimilation  containing  chlo- 
rophyll; but  they  may  also  be  employed  as  protective  envelopes  to  winter-buds  (in 
most  of  our  native  woody  plants),  as  reservoirs  for  reserve  food-materials  (in  the 
seedlings  of  flowering  plants  and  in  bulbs).  In  the  majority  of  plants  the  leaves 
bear  the  sporangia ;  in  flowering  plants  the  flowers  are  composed  of  peculiarly 
metamorphosed  leaves.  In  many  slender-slemmed  Angiosperms  the  leaves  are 
transformed  into  tendrils,  in  order  to  raise  up  the  slender  stem  and  fix  it  to  neigh- 
bouring supports  ;  the  leaves  of  Nepenthes  produce  at  their  apes  an  appendage 
which  forms  a  pitcher  provided  with  a  moveable  lid  and  filled  with  the  fluid 
which  it  itself  secretes ;  some  of  the  leaves  contained  in  flowers  are  developed  into 
nectaries  and  then  perform  the  function  of  glands ;  not  unfrequently  they  are  trans- 
formed into  hard  woody  spine; ;  in  other  cases  they  are  sensitive  to  irritation, 
contractile,  and  so  forth  The  parts  of  the  axis  are  scarcely  less  varied  in  their 
development ;  sometimes  they  cling  round  upright  supports  ;  sometimes  they  are 
woody  and  able  to  ret-nn  themselves  in  an  erect  position ;  sometimes  they  are  slender 
swaying  branches  or  thick  fleshy  succulent  masses  {Cactus),  or  round  tubers  fiUed 

'  Many  recent  writers  seem  to  be  almost  too  aoxions  to  avoid  the  use  of  the  word  '  purpose,' 
because  it  seems  to  suggest  antiquated  teleological  views.  The  word  'usefnl'  which  tjiey  would 
substitute  for  'purposive'  has  also  a  teleological  significance  in  human  affairs.  If  every  word 
which  has  once  been  used  to  express  an  incorrect  theory  is  to  be  discarded,  the  resulting  diminu- 
tion of  the  vocabulary  would  soon  produce  an  evident  impoverishment  of  the  language.  The 
mission  of  science  is  not  to  explain  and  alter  words,  but  the  ideas  to  which  they  correspond.  Ought 
we  to  give  up  the  use  of  the  word  'root'  in  Botany,  because  it  fonnerly  bore  a  very  different 
meaning  from  that  which  is  now  attached  to  it? 
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with  food-materials  {Arum,  Potato),  or  they  become  tendrils  (the  Vine),  or  spines 
(Ghdifschia) ;  sometimes  they  assume  the  fomi  of  foliage-leaves  {Rusctts,  Xylo- 
phyllum,  &c.).  The  adaptations  of  roots  are  less  numerous ;  usually  filiform,  slender, 
cylindrical,  and  provided  with  root-hairs  for  absorbing  water  and  dissolved  mineral 
substances,  they  become  tuberous  reservoirs  for  reserve  food-materials  in  the  Dahlia; 
their  tissue  is  loose  and  contains  air  and  they  resemble  swimming  bladders  in 
Jussieua;  in  the  Ivy,  Ficus  repens,  &c.,  they  are  simple  organs  of  attachment  for  the 
stem ;  in  Vanilla  aromaiica  they  play  the  part  of  tendrils ;  hut  they  never  produce 
sporangia  or  sexual  organs. 

According  to  the  definition  already  given  of  Purpose  in  the  vegetable  organ- 
isation, its  relationship  to  the  morphological  nature  of  the  organ  can  also  be  illus- 
trated by  keeping  in  view  the  end  to  be  served,  /'.  e.  the  condition  of  the  plant  which 
is  most  favourable  in  the  struggle  for  existence,  and  then  observing  the  means  em- 
ployed for  attaining  this  end,  i.e.  what  members  of  the  plant  become  adapted,  and 
what  metamo  [  hos  s  they  undergo.     A  few  examples  will  explain  this'. 

It  is  obvousl  useful  for  the  greater  number  of  flowering  plants  —  in  other 
words   advantageous  he    struggle  for  existence  —  that  their   stem  should   grow 

rapidly  to  a  certa  n  he  ght  because  the  conditions  of  assimilation  (light  and  warmth) 
are  thus  most  pe  feed)  f  Ifille  1,  and  because — which  is  perhaps  of  greater  importance 
— the  fiowers  are  more  easily  detected  by  insects  on  the  wing, -and  the  pollen  trans- 
ferred by  them  from  one  flower  to  another.  Even  where  (as  in  many  ConiferEe,  &c.) 
the  light  pollen  is  carried  by  the  wind  to  the  female  fiowers,  this  is  accomplished 
better  when  the  fiowers  are  at  a  considerable  height  from  the  ground  ;  and  finally  by 
this  means  the  dissemination  of  the  seeds  by  the  wind  or  by  frugivorous  birds  is  pro- 
moted, or  their  scattering  by  the  bursting  of  the  fruits.  That  these  arrangements  for 
propagation  are  especially  promoted  by  the  upright  growth  of  the  stem  is  evident  from 
the  fact  that  in  h   lirg       mb      f  pi  h   h  develope  their  leaves  in  a  rosette  close 

to  the  ground  m   h  P      1  *.  ^  rapidly  ascending  flower-stem  is 

formed  only  j       bef         1  f  Id  f   h     fiower-buds.     Still  more  strikingly  is 

this  the  case  m  p  dp    phyt      {Orohanche,  NeoIHa,  &c.),  which  vegetate 

below  and  bio  b       g        d     If  gnise  these  and  other  special  purposes 

of  upright  growth,  it  is  of  interest  to  see  in  what  various  ways  this  one  purpose  is 
attained  in  different  species  of  plants.  In  many  shrubs  the  growing  stem  is  endowed 
with  sufficient  firmness  and  elasticity  to  support  in  an  upright  position  the  weight  of 
the  leaves,  flowers,  and  fruits.;  if  it  happen  to  be  broken  down,  or  if  it  must  raise 
itself  from  a  previously  creeping  position,  advantage  is  taken  of  the  property  of 
geotropism,  But  the  slender  haulms  of  Grasses  are  not  themselves  endowed  with 
this  power;  and  in  their  case  the  basal  portion  of  each  leaf-sheath  forms  a  thick  ring 
the  tissue  of  which  retains  for  a  long  time  its  power  of  growth  ;  and  when  the  haulm 
is  bent  by  the  wind,  or  is  in  ijs  early  st^e  prostrate  on  the  ground,  the  elevation  into 
an  erect  position  is  brought  about  by  the  surface  of  the  node  which  faces  the  ground 

'  In  these  examples  I  am  compelled  to  confine  myself  to  the  most  important  points.  Most  of 
the  adaptations  are  so  complicated  that  a  detailed  description  of  them  in  even  a  single  plant  would 
require  a  great  deal  of  space.  What  was  said  in  the  fourth  chapter  of  this  Book  on  climbing  plants 
and  in  the  sixth  on  the  adaptation  of  the  foliar  organs  of  a  flower  to  the  purpose  of  cross- 
fertilisation  may  be  consulted. 
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growing  rapidly  and  strongly;  a  knee-shaped  bend  is  thus  formed  bj  which  the 
upper  part  of  the  haulm  is  raised  up,  If,  on  the  contrary,  the  stem  is  perennial,  and 
has  to  bear  a  great  weight  of  branches,  leaves,  and  fruits,  contrivances  of  thib  kind 
are  not  sufficient,  and  then  the  tissue  becomes  woody;  if  the  weight  of  the  crown 
increases  year  by  year,  the  stem  also  becomes  thicker  each  year,  as  in  dicotjledonoui 
trees  and  Conifers;  if  the  weight  of  the  foliage  does  not  increase,  as  in  Palms,  the 
stem  only  retains  the  same  thickness.  In  such  cases  a  considerable  quantity  of  as- 
similated food-material  is  necessary  in  order  to  produce  the  massive  solid  stem,  while 
in  many  other  cases  the  elevation  is  attained  at  the  expense  of  a  very  small  amount 
of  organic  substance,  as  in  climbing  and  twining  plants,  such  as  are  found  in  the 
moat  widely  separated  families  of  Angiosperms.  Plants  with  a  twining  stem  like  the 
Hop  presuppose  in  general  the  existence  and  proximity  of  other  plants  which  are  able 
themselves  to  grow  upright  and  round  which  they  t^vine ;  and  in  order  that  such  a 
neighbouring  support  may  be  more  easily  and  certainly  taken  hold  of,  the  slender 
stem  of  climbing  plants  is  endowed  with  a  power  of  revolution  by  which  the  apex 
is  carried  round  in  a  circle  and  is  enabled  to  come  into  contact  with  the  stem  of  an 
upright  plant,  up  which  it  then  climbs. 

The  greater  number  of  plants  provided  with  tendrils  are  also  dependent  on  the 
proximity  of  erect  plants  round  which  they  can  climb ;  they  are  characterised  by  an 
extreme  parsimony  in  the  emplojTnent  of  organic  substances  for  the  purpose  of  an 
erect  growth.  Sometimes  (as  in  the  Grape-Vine)  the  tendrils  are  axial  structures 
furnished  with  minute  leaves  and  branching  from  the  axils  of  these ;  but  much 
more  commonly  (as  in  Clematis  or  Tropaolum)  the  petioles,  or  (as  in  Fumaria)  the 
branched  narrowly- divided  lamina,  or  most  often  the  metamorphosed  apical  parts  of 
the  foliage-leaves  {Cobaa  scandens,  the  Pea  and  other  Papilionacese)  are  developed  in 
a  filiform  manner  and  perform  the  function  of  tendrils.  The  morphological  signi- 
ficance of  the  tendrils  of  Cucurbitacese  is  not  yet  perfectly  determined;  but  they 
are  probably  metamorphosed  branches.  Tendrils  occur  only  in  those  plants  whose 
stem  is  not  able  to  bear  in  an  erect  position  the  weight  of  the  foliage,  flowers,  and 
fruits ;  in  the  genus  Vicia,  for  example,  ail  the  slender-stemmed  species  have  leaf- 
tendrils;  but  in  the  thick-stemmed  erect  V.  Faba  they  are  rudimentary.  The  office 
of  tendrils  is  lo  twine  round  the  slender  branches  and  the  leaves  of  other  neigh- 
bouring plants,  and  thus  to  fix  the  apex  of  the  stem  as  with  cords  on  various  sides 
while  it  is  growing  upwards.  The  adaptation  of  tendrils,  t.  e.  their  endowment  with 
useful  properties  corresponding  to  their  purpose,  is,  as  Darwin  has  shown,  not  only 
extremely  diverse,  but  exhibits  also  very  different  grades  of  perfection,  like  that  of 
climbing  stems.  Some  tendrils  are  only  of  slight  use  ;  sometimes  (as  in  some 
species  of  Bignmia)  they  are  merely  helps  to  an  imperfectly  climbing  stem ;  but 
where  they  are  perfectly  adapted  to  their  function,  a  variety  of  properties  concur  in 
a  remarkable  way  to  increase  to  a  maximum  this  kind  of  adaptation  to  the  use  of  the 
plant.  The  tendrils  radiate  in  different  directions  from  the  growing  apex  of  the 
^shoot,  which  makes  movements  of  revolving  nutation  by  which  the  tendrils  are 
brought  into  the  greatest  variety  of  positions,  they  themselves  also  revolving  at  the 
same  time,  so  that  within  a  certain  area,  often  not  a  very  small  one,  Aey  assume  an 
infinite  number  of  positions,  by  which  they  must  almost  inevitably  be  brought  into 
contact  with  some  support,  such  as  a  branch  or  leaf,  lying  within  this  area.     The 
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supports  are,  so  to  speak,  sought  out  in  the  most  industrious  manner ;  when  one  is 
touched  by  a  tendril,  the  tendril  bends  in  consequence  of  the  stimulation  and 
twines  firmly  round  it ;  and  when  several  tendrils  do  the  same  in  different  direc- 
tion from  the  stem,  it  hangs  suspended  between  the  points  of  support.  If  this 
were  all,  the  attachment  would  be  a  very  weak  one,  and  the  elevation  of  the  stem 
would  only  take  place  slowly ;  but  the  whole  contrivance  is  perfected  in  the  most 
ingenious  way,  When  the  tendrils  have  fixed  themselves  by  their  extremities,  they 
draw  the  stem  towards  the  support  by  twisting  themselves  spirally.  When  several 
tendrils  do  this  in  different  directions,  the  stem  which  is  suspended  between  them 
is  tightly  stretched,  and  the  tenacity  of  the  tendrils  is  at  the  same  time  con- 
siderably increased  by  the  twisting.  Many  tendrils,  while  very  tender  at  the  time 
when  they  are  sensitive,  become  afterwards  hard  and  woody,  and  some  become 
much  thicker;  this  is  strikingly  the  case  in  Clematis glaniulosa  and  Solanum jasmi- 
noides.  But  the  most  perfect  adaptation  is  shown  in  the  tendrils  of  the  Virginian 
Creeper,  Bignonia  capreolala,  and  some  other  plants  :  it  is  most  perfect  in  Ampelopsu 
hederacea.  As  in  the  Grape-Vine,  the  tendrils  are  here  branched  axial  structures, 
and  are  to  a  much  greater  extent  negatively  heliotropic  ;  their  power  of  twining 
round  slender  supports  is  but  slightly  developed,  but  when,  in  consequence  of  their 
negative  heHotropism,  they  come  into  contact  with  a  wall,  or  in  the  wild  state  with  a 
rock,  trunk  of  a  tree,  &c.,  there  is  formed  in  the  course  of  a  few  days  on  each  branch 
of  the  tendril  which  touches  the  support  with  its  curved  and  hooked  apex,  a  cushion- 
like  swelling  which  afterwards  expands  into  a  red  flat  disc,  and  becomes  firmly 
attached  by  its  surface  to  the  support.  The  adhesion  of  this  organ  of  attachment  is 
probably  at  first  occasioned  by  an  exudation  of  viscid  sap ;  but  the  attachment  to 
the  support  is  caused  mainly  by  this  organ  forcing  itself  into  all  the  depressions  in 
the  surface  of  the  support  and  growing  over  the  slight  elevations.  After  this  has 
taken  place  the  whole  tendril  becomes  thicker ;  it  contracts  spirally,  the  stem  to 
which  it  belongs  being  thus  drawn  towards  the  wall,  rock,  &c. ;  then  it  becomes 
woody,  and  the  finnness  of  its  tissue  and  the  power  of  retention  of  the  disc  are  so 
considerable  that,  according  to  Darwin',  a  tendril  ten  years  old  and  furnished  with 
five  of  these  discs  can  support  a  weight  of  10  lbs.  without  giving -way  and  without 
the  disc  becoming  detached  from  the  wall.  Since  a  shoot  which  is  growing  upwards 
forms  a  number  of  tendrils,  this  attachment  to  the  fiat  support  is  a  very  eifectual  one, 
and  enables  the  plant  to  endure  the  annually  increasing  weight  of  the  stem  which  is 
gradually  becoming  thicker  and  more  woody;  and  in  this  way  it  climbs  over  the 
walls  and  roofs  of  buildings  more  than  100  feet  high.  The  fact  is  very  interesting 
that  those  tendrils  of  the  Virginian  Creeper  which  do  not  come  into  contact  with  the 
wall  or  rock  die  after  some  time,  and  wither  up  into  slender  threads  which  then  fall 
off,  no  adhesive  disc  having  been  formed  on  them.  But  in  order  that  these  peculiar 
tendrils  may  more  readily  come  into  contact  with  the  support,  the  upright  shoot 
is  scarcely  at  all  positively  heliotropic,  since  this  property  would  cause  it  and  its 
tendrils  to  move  further  away  from  the  supports ;  while  the  young  shoots  which  ex- 
hibit very  slight  heHotropism  become  erect  under  the  influence  of  gravitation ;  other- 
wise the  whole  of  the  contrivances  connected  with  the  tendrils  would  be  purposeless. 


'  [Movements  and  Habits  of  Climbing  Plants,  1875,] 
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If  looked  at  merely  superficially,  the  mode  in  which  the  Virginian  Creeper 
climbs  up  rocks,  walls,  and  thick  trees,  presents  a  certain  resemblance  to  the  climb- 
ing of  the  Ivy;  but  in  fact  the  adaptations  of  the  two  are  altogether  different.  It 
has  already  been  shown  how  negative  heliotropism  causes  the  leafy  branches  of  the 
Ivy  to  become  closely  pressed  to  the  support,  and  how  the  summit  of  the  branch  at 
first  exhibits  slight  positive  heUotropism,  so  that  the  slight  convexity  is  in  contact 
with  the  support  At  this  point  of  pressure  rows  of  afirial  roots  afterwards  arise  (not 
in  consequence  of  pressure,  for  they  make  their  appearance  also  on  branches  which 
hang  free)  which  apply  themselves  to  the  inequalities  of  the  bark  of  the  tree  or  of 
the  rock  which  serves  as  a  support,  and  thus  fix  the  Ivy-stem  to  it.  Other  weak- 
stemmed  plants  attain  the  same  object  (that  of  elevating  their  assimilating  and 
flowering  shoots)  by  apparently  much  simpler  means,  as  the  Bramble,  Rose,  and 
some  climbing  Palms  like  Calamus,  &c.,  whose  long  shoots  spread  over  neighbour- 
ing plants  and  are  supported  by  them,  their  hooked  prickles  and  other  similar  con- 
trivances assisting  in  this. 

It  is  of  service  to  many  plants  in  the  struggle  for  existence  that  they  should 
keep  iirm  possession  of  the  piece  of  ground  they  have  once  occupied,  without 
forming  for  this  purpose  large  woody  masses,  like  trees  and  shrubs.  The  under- 
ground parts  of  such  plants  are  perennial,  and  they  send  up  separate  shoots  in  each 
vegetative  period  to  be  exposed  to  the  light  and  air  where  they  will  be  able  to 
assimilate,  to  produce  flowers,  and  to  scatter  their  seeds.  This  persistence  of  the 
underground  parts  has  the  advantage  that  the  plant,  although  it  assimilates  and 
grows  only  at  particular  times  of  the  year,  is  not  compelled  to  seek  each  year,  like 
annual  plants,  a  new  locality  in  which  its  seeds  may  germinate.  The  collection  of 
reserve  food-materials  underground  gives  strength  to  the  plant ;  it  developes  its  buds 
beneath  the  'ioil  to  such  an  extent  that  at  the  right  time  they  can  grow  up  quickly 
f  n  1      E  ery  year  very  strong  shoots  are  put 

mb  f  f  b!  seedlings  perish  annually  before 
h  p  t  themselves  from  the  shade  and 
b]  m      Plants  whose  underground  parts 

p  w        f         ting  long  and  severe  frost  and  the 
h        only  penetrate  slowly  beneath  the 
mb     of  Alpine  and  Arctic  plants  belong 
1    alities  which  are  much  loo  dry  for 
1  ^1  n     b    ause  moisture  is  retained  at  a  great 
I  f  Numerous  other  advantages  might 

sa    d  f  nnual  plants  by  other  adaptations', 

d  p  rt     s  attained  in  the  greatest  variety  of 
!     d  ping  underground  shoots  in  which 

d  d  I  h  themselves  rise  above  the  siurface 
at  a  particular  time,  as  in  many  Grasses ;  or  sometimes  the  leafy  stems  are  developed 
from  lateral  buds,  as  in  Equiselum;  or  there  are  thick  stout  stems  from  which  shoots 

■  [This  subject — and  especially  the  relation  of  peculiar  habits  of  life  to  tlie  power  of  resisting 
great  cold — is  very  fully  discussed  in  Kemer'g  treatise  Die  AbhSngigkeit  der  Pflanzengestalt  Toa' 
Klima  und  Boden,  Innsbruck  1S69,] 
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appear  each  year  at  the  same  place.  Id  some  cases  the  whole  plant  is  annually 
renewed;  all  the  parts  which  existed  the  previous  year  die  off,  and  a  complete 
rejuvenescence  of  the  individual  is  accomplished  underground.  In  the  Potato  and 
Artichoke  only  the  apical  parts  of  the  underground  lateral  shoots  swollen  into  tubers 
remain  over  till  the  next  year,  the  whole  of  the  rest  of  the  plant  having  perished.  In 
many  of  om-  native  Orchids  the  rejuvenescence  takes  place  in  a  similar  way  (see 
p.  219  and  fig.  158);  and  one  of  the  most  interesting  cases  of  annual  rejuvenes- 
cence occurs  in  Colchieum  autumnak  (see  fig,  422).  In  these  cases,  with  the  excep- 
tion of  the  Orchids,  the  reserve  food  materials  accumulate  in  underground  parts  of 
the  axis ;  in  other  cases  this  takes  place  in  the  swollen  roots,  which  remain  in 
connection  with  the  underground  part  of  the  stem  that  bears  the  new  buds,  as  in  the 
Hop,  Dahlia,  and  Bryony.  In  bulbs  again  the  reserve  accumulates  in  the  leaves 
(bulb-scales)  which  surround  the  bud  that  developes  into  the  new  plant.  The  re- 
serve often  collects  in  cataphyllary  leaves  of  peculiar  development;  m  Allium  Cepa 
in  the  lower  part  of  the  leaf-sheaths,  which  persist  through  the  winter,  while  the 
upper  parts  of  the  leaves  die  off. 

We  have  already  in  the  last  chapter  spoken  of  the  immense  variety  of  the 
contrivances  which  have  for  theh  object  the  partial  or  entire  prevention  of  the 
self-fertilisation  of  plants,  in  order  to  produce  a  stronger  and  more  numerous  off- 
spring by  the  sexual  union  of  different  individuals ;  and  only  a  few  examples  need 
now  be  mentioned.  Just  as  the  form,  size,  colour,  position  and  movements  of  the 
parts  of  the  flower  are  almost  invariably  adapted  to  facilitate  the  conveyance  of 
pollen  from  one  flower  to  another,  generally  by  insects,  and  often  also  to  render 
self-fertilisation  impossible ;  and  as  a  great  diversity  even  of  those  forms  of  flowers 
which  are  constructed  on  the  same  morphological  type  resuhs  from  this,  so  the 
properties  of  ripe  seeds  and  fruits  are  no  less  adapted'  to  bring  about  the  dis- 
semination of  the  seeds.  Fruits  which  are  very  similar  from  a  morphological  point  of 
view  may.  nevertheless  assume  physiological  properties  which  are  altogether  different, 
and  fruits  which  are  very  different  morphologically  may  become  extremely  similar  in 
consequence  of  their  adaptation  to  the  purposes  of  dissemination.  The  service 
rendered  by  insects  in  the  fertilisation  of  diclinous,  dichogamous,  dimorphic,  and 
many  other  flowers,  is  performed  by  birds  in  the  disseinination  of  a  number  of  seeds 
which  are  concealed  beneath  fleshy  edible  pericarps ;  in  some  cases,  as  the  Mistletoe, 
it  is  scarcely  possible  to  imagine  any  other  mode  of  dissemination  than  the  eating  of 
the  berries  by  birds.  Dry  fruits  or  the  seeds  which  are  shed  by  dry  fruits  are  often 
provided  with  an  apparatus  adapted  for  transport  by  the  wind,  the  morphological 
value  of  which  is  as  various  as  possible.  The  wings  on  the  seeds  of  the  species 
of  Ahks  are  outgrowths  of  a  superficial  layer  of  the  tissue  of  the  scale,  those  on  the 
seed  of  Bignonia  mvricala  originate  from  the  integument  of  the  ovule ;  the  wings  of 
the  indehiscent  fruits  (samarje)  oi  Acer,  Ulmus,  &c.  are  outgrowths  of  the  pericarp; 
the  crown  of  hairs  on  the  seed  of  Asclepias  syriaca  evidently  performs  the  same 
service  as  the  pappus  of  many  Compositie  which  is  a  metamorphosed  calyx.  In 
these  cases  it  is  obvious  that  the  wind  carries  the  seeds  or  fruits;  in  other  cases 


'  It  is  scarcely  needful  to  mention  again  tlmt  tliis  mode  of  expression  has  only 
ning  fconi  the  stand-point  here  assumed,  and  15  only  used  for  the  sake  of 
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animals  of  consiJerable  size  perform  this  office  involuntarily,  the  hooked  or  roug-h 
fruits  becoming^  attached  to  them  and  aflerwards  falling  off'. 

In  most  of  these  adaptations,  both  their  purpose  and  the  mechanical  con- 
trivances for  its  attainment  are  easily  recognised ;  but  not  unfrequently  the  latter 
require  a  closer  examination  and  some  reflection  in  order  to  understand  them. 
Among  many  other  cases  of  this  kind  one  only  may  be  mentioned  here  which 
any  one  can  easily  observe  for  himself.  The  fruit  oi  Erodium.  gruinum  and  other 
Geraniacefe^  splits  up  into  five  mericarps  each  of  which  has  the  form  of  a  cone  with 
the  apex  pointing;  downwards,  containing  the  seed  and  bearing  above  a  long  awn. 
When  moist  this  awn  is  stretched  out  straight,  but  if  it  becomes  dry  while  lying  on 
the  ground  the  outer  side  of  the  awn  contracts  strongly,  causing  the  upper  end  to 
describe  a  sickle-shaped  curve,  which  brings  its  point  against  the  ground,  the  cone 
being  thus  placed  with  its  apex  downwards.  The  lower  part  of  the  awn  now  begins 
to  contract  into  narrow  spiral  coils,  causing  the  cone  to  turn  on  its  axis  and  to 
penetrate  the  ground,  and  the  erect  hairs  on  it  which  point  upwards  retain  it  there 
like  grappling- hooks.  After  the  cone  has  penetrated  the  ground,  the  twisted  part 
of  the  awn  does  the  same,  driving  the  part  which  contains  the  seed  further  and 
further  into  the  soil.  If  the  mericarp  now  becomes  moistened,  the  coiled  part 
attempts  to  straighten  itself,  but  its  coils  are  held  by  the  hairs  which  stand  on 
the  convex  surface ;  and  thus  this  movement  also  contributes  to  drive  the  cone 
deeper  into  the  soil.  Whether  therefore  the  moisture  is  greater  or  less,  the  me- 
chanical contrivance  produces  the  same  effect,  namely,  to  drive  the  part  of  the 
mericarp  which  contains  the  seed  into  the  soil. 

Some  of  the  contrivances  found  in  plants  are  extremely  striking,  from  the  concur- 
rence of  the  most  different  properties  for  the  attainment  of  a  perfectly  definite  purpose 
corresponding  only  to  certain  specific  conditions  of  life,  as  the  adaptation  of  the  Virginian 
Creeper  to  cliinbing  up  vertical  walls,  the  contrivance  to  prevent  self-fertilisation  ia  tlie 
flowers  of  Ar'tstohchia  Ckmatitis,  the  bursting  of  the  fruit  of  Momordica  Elalerium, 
and  a  thousand  similar  cases.  The  most  remarkable  instances  are  generally  connected 
with  the  ordinary  arrangements,  or  even  with  other  extreme  cases,  by  a  number  of  the 
most  diverse  intermediate  or  transitional  forms.  These  transitional  forms  have  been 
described  in  detail  by  Darwin  in  the  case  of  climbing  and  twining  plants,  and  the 
fertilisation  of  Orchids,  in  his  works  already  mentioned,  and  by  Hildebrand  in  the  case  of 
the  fertilisation  of  Salvia",  and  of  the  dissemination  of  seeds. 

Sect,  39. — The  Theory  of  Descent.  The  facts  and  conclusions  which  have 
been  indicated  rather  than  described  are  the  foundation  of  the  Theory  of  Descent. 
This  theory  consists  in  the  hypothesis  that  the  most  unlike  forms  of  plants  have  a 
relationship  to  one  another  of  the  same  kind  as  that  which  the  varieties  gradually 
developed  from  one  ancestral  form  bear  to  it  and  to  one  another.  It  supposes 
that  the  different  species  of  a  genus  are  varieties  derived  from  one  progenitor 
which  have  undergone  further  development ;  and  that  in  the  same  manner  the  various 
genera  of  an  order  owe  their  common  characters  to  their  descent  from  one  and  the 

'  [A  remarkable  instance  of  this  is  recorded  by  Dr.  Shaw  <Joum.  Linn.  Soc.  vol.  XIV,  1874, 
p.  102),  in  the  introdnction  into  South  Africa  and  enormously  rapid  distribution  of  a  European 
plant,  Xanlkium  spinosutn,  by  the  spiny  achenes  clinging  to  the  wool  of  the  Merino  sheep.]  See  also 
Hildebrand,  Die  Verbreitungsmittel  der  Pllaiiien,  Leipilg  1873. 

'  See  Hanstein,  Sitzungsber.  der  niederrheinischen  Ges.  in  Bonn,  1868. 

'  Jahrbuch  fiir  wiss.  ISot.  vol.  IV,  1865.     Also  Verbreitungsmittel  der  Pllanzen. 
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same  older  ancestral  form,  and  their  differences  to  variation  and  to  the  accumulation 
of  new  characters  in  successive  individuals  through  a  long:  series  of  generations. 
The  theory  of  descent  goes  still  further,  and  assumes  the  same  mutual  relationship 
between  the  various  orders  of  a  class,  between  the  vajious  classes  of  a  group,  and 
finally  between  the  various  groups.  It  considers  variation  in  the  course  of  repro- 
duction to  be  the  cause  of  all  the  differences  among  plants,  and  the  heredity  of 
the  varietal  characters  to  be  the  cause  of  the  agreement  which  subsists  even  be- 
tween the  most  diverse  forms  of  plants.  What  we  call  the  common  law  of  growth 
of  a  class,  or  in  other  words  its  ^pe,  is  the  result  of  all  the  plants  of  this  class  being 
descended  from  one  ancestral  form  or  Archetype,  as  Darwin  terms  it.  That  which 
was  long  since  termed  in  a  merely  metaphorical  sense  the  aiEniiy  between  different 
forms  of  plants  is,  according  to  the  theory  of  descent,  an  actual  affinity  or  blood- 
relationship  in  various  degrees.  The  differences  have  arisen  in  the  course  of  a  long 
series  of  generations,  by  the  descendants  of  the  same  archetype  continuing  to  vary, 
by  the  variation  of  the  different  individuals  in  different  ways,  and  by  the  continual 
and  necessary  increase  of  the  differences  between  them  under  diverse  conditions  of 
climate,  especially  under  the  conditions  imposed  by  the  struggle  for  existence,  in 
order  that  they  may  stiU  be  capable  of  maintaining  themselves.  At  the  same  time 
numberless  varieties,  species,  and  genera  have  gradually  disappeared,  because  they 
were  not  sufficiently  adapted  for  the  struggle  for  existence  under  the  new  conditions 
caused  by  geological  changes,  and  in  consequence  of  the  appearance  of  other  forms 
which  were  better  adapted  to  resist  them. 

The  scientific  basis  for  the  theory  of  descent  rests  in  the  fact  that  it  alone  is  able 
to  explain  in  a  simple  manner  all  the  mutual  relationships  of  plants  to  one  another, 
to  the  animal  kingdom,  and  to  the  facts  of  geology  and  paleontology,  their  distribu- 
tion at  different  times  over  the  surface  of  the  earth,  &c. ;  for  this  no  other  hypothesis 
is  necessary  than  descent  with  variation  and  the  continued  struggle  for  existence  which 
permits  those  forms  only  to  persist  that  are  sufficiently  endowed  with  useful  pro- 
perties, the  others  perishing  sooner  or  later.  Moreover  both  these  hypotheses  are 
supported  by  an  infinite  number  of  facts.  The  theory  of  descent  involves  only  one 
hypothesis  that  is  not  directly  demonstrated  by  facts,  namely  that  the  amount  of 
variation  may  increase  to  any  given  extent  in  a  sufficiently  long  lime.  But  since  the 
theory  which  involves  this  hypothesis  is  sufficient  to  explain  the  facts  of  morphology 
and  adaptation,  and  since  these  are  explained  by  no  other  scientific  theory,  we  are 
justified  in  making  this  assumption. 

The  theory  of  descent  explains  intelligibly  how  plants  have  obtained  their 
extraordinarily  perfect  adaptations  for  supporting  the  struggle  for  existence ;  this 
struggle  has  itself  been  the  means  of  their  obtaining  them  by  the  '  Survival  of  the 
Fittest,'  that  is,  by  permitting  the  existence  and  propagation  of  those  newly-formed 
varieties  alone  which  are  endowed  with  the  various  characters  that  render  them 
best  fitted  to  the  climate  and  to  resist  the  rivalry  of  competitors,  the  attacks  of 
animals,  &c.  In  this  manner  adaptations  are  gradually  developed  from  a  slight  and 
imperceptible  beginning  by  the  accumulation  of  useful  characters  which  have  the 
appearance  of  being  the  result  of  the  most  careful  and  far-sighted  calcalation  and 
deliberation,  or  sometimes  even  of  the  most  cruel  caprice  {as  in  the  fertilisation  of 
Apocynum  androscemi/olium  by  flies  which  are  tortiwed  to  death  in  the  process). 
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The  fact  that  members  which  are  morphologically  similar  are  adapted  for  the 
most  vaiious  functions  is  explicable  when  we  consider  that  the  morphological 
features  in  the  structure  of  plants  are  those  which  are  most  certainly  transmitted 
unchanged  to  posterity,  either  because  they  have  no  direct  relation  to  the  struggle 
for  existence,  or  because  they  have  proved  useful  in  the  various  relations  of  life ; 
as  for  example  the  differentiation  into  stem,  root,  leaves,  &c.,  and  into  the  different 
tissue- systems,  by  which  the  division  of  physiological  labour  and  the  acquisition  of 
the  most  various  properties  useful  for  the  struggle  for  existence  are  facilitated.  The 
structure  of  the  Thallophytes  and  of  the  Hepalicfe  shows  that  these  morphological 
differentiations  do  not  exist  in  the  first  or  lowest  forms  of  plants,  but  that  they  come 
gradually  into  existence ;  but  when  once  fully  developed  they  are  preserved  in  the 
course  of  further  variations,  because  they  are  never  prejudicial,  but  often  on  the 
contrary  advantageous  for  the  purposes  of  adaptation. 

The  perfect  heredity  of  morphological  characters  gives  rise  to  a  very  remarkable 
phenomenon,  the  production  of  functionless  members.  It  is  obvious  that  hereditary 
peculiarities  may  have  lost  their  use  under  the  new  conditions  of  life  of  the  de- 
scendants, because  the  physiological  requirements  of  the  plant  are  supplied  by  other 
means,  by  fresh  adaptations.  Of  this  nature  are,  for  example,  the  minute  leaves 
on  the  root-like  shoots  of  Psiio/um,  the  formation  of  endosperm  in  the  embryo-sac 
of  many  Dicotyledons  whose  embryo  afterwards  grows  so  vigorously  as  to  supplant 
the  endosperm,  while  it  becomes  itself  filled  with  reserve  food- materials  which  in 
other  cases  are  stored  up  in  the  endosperm  for  the  seedling.  The  most  striking 
illustration  however  is  the  behaviour  of  parasites  and  saprophytes  destitute  of 
chlorophyll,  which  are  found  in  various  orders  of  plants,  and  the  near  allies  of 
which  form  large  green  leaves  containing  chlorophyll,  while  these  produce  leaves 
similar  in  a  morphological  sense,  but  which  are  neither  large  nor  green,  and 
sometimes  degenerated  so  as  to  have  become  obsolete.  The  explanation  of  this 
phenomenon  is  at  once  afforded  by  the  theory  of  descent,  viz.  that  the  parasites 
and  saprophytes  which  contain  no  chlorophyll  are  the  transformed  descendants  of 
leafy  ancestors  which  did  form  chlorophyll,  but  which  have  gradually  become  ac- 
customed to  take  up  the  assimilated  food-materials  of  other  plants  or  the  available 
products  of  their  decomposition;  and  the  more  they  did  this  the  less  needful  did 
it  become  for  the  plants  themselves  to  assimilate.  The  green  leaves  therefore 
became  meaningless  and  ceased  to  form  chlorophyll ;  but  without  chlorophyll  the 
leaves  were  of  little  or  no  service  to  the  new  form,  and  therefore  as  little  substance 
as  possible  was  employed  in  their  development,  and  they  gradually  degenerated. 

Looked  at  from  the  point  of  view  of  the  theory  of  descent,  the  natural  system 
of  the  classification  of  plants  represents  their  blood-relationship  to  one  another. 
A  species  consists  of  all  the  varieties  which  are  descended  from  a  common  ancestral 
form;  a  genus  of  all  the  species  produced  from  an  older  progenitor,  and  which 
have  become  in  the  course  of  time  further  differentiated ;  an  order  includes  all  the 
genera  which  have  been  derived  by  variation  from  a  still  older  ancestral  form;  and 
the  first  primitive  form  of  all  the  orders  comprised  in  a  group  belongs  to  a  still 
older  past ;  finally  there  must  have  been  a  time  when  a  primordial  plant  originated 
the  whole  series  of  development ;  and  this  must  have  produced  in  its  varying  de- 
scendants the  primitive  types  of  all  the  later  forms.     The  relationships  of  the  various 
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classes  and  groups  described  at  length  in  Book  II  might  be  represented  by  lines, 
which  should  express  their  actual  affinity  to  one  another ;  and  the  system  of 
diverging  lines  which  would  thus  be  obtained  might  be  compared  to  an  irregular 
system  of  branching. 

It  has  frequently  been  attempted  to  draw  up  genealogical  trees  for  the  whole 
Vegetable  Kingdom  and  For  the  various  groups  of  it,  but  the  attempts  made 
hitherto  are  by  no  means  satisfactory,  for  the  incompleteness  of  our  knowledge 
as  to  the  real  relationships  leaves  too  much  room  for  the  play  of  the  imagination 
and  of  subjective  impressions.  I  will  merely  suggest  here,  as  I  did  repeatedly  in 
Book  II,  that  in  endeavouring  to  form  such  a  genealogical  tree,  the  simplest  forms 
of  the  various  types  or  classes  must  be  especially  considered,  for  it  is  in  them 
that  the  evidences  of  descent  from  common  ancestral  forms  will  most  easily  be 
detected.  With  each  of  these  simple  forms,  which  do  not  differ  widely  from  each 
other,  is  connected  a  branching  developmental  series  in  which  variation  is  taking 
place  independently  of  other  series ;  in  consequence  of  this  variation  the  difference 
between  the  members  of  one  series  and  those  of  another  is  increasing,  so  that  the 
most  perfect  forms  of  different  types  are  those  which  are  the  most  widely  separated. 

The  theory  of  descent  requires  that  the  various  forms  of  plants  must  have  arisen 
at  different  times,  that  the  primitive  forms  of  the  separate  classes  and  groups  existed 
at  an  earlier  period  than  the  derived  ones  ;  and  palEeontologieal  research,  although  at 
present  it  has  but  a  very  small  amount  of  material  at  its  disposal,  supports  this  view. 

In  the  same  manner  it  is  a  necessary  consequence  of  the  theory  thai  each  plant- 
form  must  have  originated  at  a  definite  spot,  that  it  must  have  spread  gradually  more 
widely  from  that  spot,  that  its  change  of  locality  in  the  course  of  generations  must 
have  depended  on  climatic  conditions,  the  competition  of  rivals,  &c.,  and  that  its 
distribution  must  have  been  impeded  by  hindrances  or  assisted  by  means  of 
transport'.  The  geographical  distribution  of  plants  has  already  determined  in 
the  case  of  many  forms  the  spots  on  the  surface  of  the  earth  or  centres  of  distri- 
bution from  which  they  have  gradually  spread ;  it  has  shown  how  the  distribution 
has  been  hindered  sometimes  by  climate,  sometimes  by  chains  of  mot:ntains,  some- 
times by  seas ;  how  more  recendy  formed  islands  have  been  peopled  by  the  plants 
from  the  neighbouring  continents  which  have  become  the  ancestors  of  new  species  ° ; 
how  some  species  when  transported  to  a  new  soil  (as  European  plants  in  America 
and  vice  versd)  have  sometimes  carried  on  a  successful  struggle  for  existence  with  the 
native  plants  and  have  increased  enormously.  In  the  distribution  of  plants  at  present 
existing,  as  for  instance  Alpine  plants,  it  is  possible  to  recognise  the  influences  of 
the  last  great  geological  changes,  of  the  entrance  and  disappearance  of  the  glacial 
epoch  and  of  earlier  periods. 

When  we  reflect  what  a  number  of  generations  our  cultivated  plants  must  have 
passed  through  before  any  considerable  amount  of  new  properties  were  manifested  in 

*  Kemer  has  given  an  illustration  of  what  can  be  aci-omplished  in  this  directjon  in  the  rela- 
tionships, geographical  distribntion,  and  history  of  the  tjec  es  of  Cyti  us  from  the  primitue  form 
Tuhatytisus,  in  his  pamphlet  Die  Abhangiglteit  der  Eflinzengeslalt  von  Klima  und  Uoden  Inns- 
brock  1869. 

'See  Dr.Hwilter,  On  Insular  Floras,  Gardeners  Chronicle  Jon  186  Ann  des  su  nat. 
6th  series,  vol,  IV.  p.  266.     [Wallace,  Island  Life,  1880] 
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their  varieties,  and  how  long  it  takes  for  these  new  properties  to  become  hereditary, 
and  further  how  enormous  is  the  diversity  of  hereditary  properties,  we  are  forced  to 
the  conclusion  that  an  inconceivahly  long  period  must  have  elapsed  since  the 
appearance  of  the  first  plants  on  the  earth.  But  geology  and  the  physical  nature  of 
the  globe  require  as  great  a  space  of  time  for  the  explanation  of  other  facts ;  and  a 
few  millions  of  years  more  or  less  is  a  matter  of  but  httle  consequence  in  the  expla- 
nation of  facts  which  require  lapse  of  time  in  order  to  reach  a  given  magnitude. 

The  first  rudiments  of  the  Theory  of  Descent,  which  holds  good  for  the  animal  as  for 
the  vegetable  kingdom,  may  be  traced  to  Lamarck,  at  the  commencement  of  the  century, 
in  his  Zoologie  Philosophique  (Paris,  iSoi);  it  was  afterwards  advocated  by  Geoffroy 
St.  Hilaire ;  but  it  is  only  since  the  publication  of  Darwin's  work  '  On  the  Origin  of 
Species  by  means  of  Natural  Selection'  (London,  1859)  that  it  has  become  an  integral 
part  of  science.  Darwin's  great  service  to  science  is  to  have  established  as  a  fact  the 
struggle  for  existence  which  all  living  beings  have  to  fight,  and  to  have  proved  its  action 
in  the  maintenance  or  destruction  of  new  forms.  It  is  only  by  means  of  the  struggle  for 
existence  that  the  motive  principle  is  recognised,  and  that  the  theory  of  descent  is  enabled 
to  solve  the  great  problem  why  parts  which  are  morphologically  similar  are  adapted  for 
such  different  functions ;  and  conversely  also  to  show  how  purpose  In  organisation,  and  at 
the  same  time  the  relations  of  affinity  among  plants,  can  be  explained.  Darwin  considers 
the  Natural  Selection  which  the  struggle  for  existence  brings  about  as  the  sole  cause 
of  the  increasing  differentiation  of  plants  which  are  undergoing  variation ;  he  starts  with 
the  hypothesis  that  every  plant  varies  in  all  directions  without  any  definite  tendency  to 
become  further  developed  in  any  one  particular  direction.  He  attributes  to  the  struggle 
for  existence  alone  the  power  of  securing  the  perpetuation  of  one  or  more  varieties 
among  the  countless  numbers  which  are  produced,  and  is  convinced  that  in  this  way  not 
only  is  a  perfect  adaptation  of  the  new  forms  effected,  but  morphological  differentiation 
is  also  carried  further.  Nageli '  assumes,  on  the  contrary,  that  each  plant  has  In  itself 
a  tendency  to  vary  in  a  definite  direction,  to  increase  the  ttiorplioiogicai  differentiation, 
or,  as  it  is  commonly  expressed,  to  perfect  itself.  The  great  differences  of  a  purely 
morphological  nature  between  the  classes  and  smaller  divisions  of  the  vegetable  kingdom 
may  then  owe  their  existence  to  this  internal  tendency  towards  a  higher  and  more  varied 
differentiation ;  while  the  struggle  for  existence  brings  about  the  adaptation  of  the 
separate  forms.    The  great  services  of  the  theory  of  descent  remain  in  either  case. 

In  all  future  research  it  will  be  of  primary  importance  to  distinguish  clearly  between 
those  peculiarities  of  plants  which  have  no  referen'-j  to  the  external  world,  which  are, 
that  is,  purely  morphological,  and  those  without  which  it  would  be  impossible  for  the 
plant  to  continue  to  exbt  under  certain  external  conditions.  It  appears  to  be  certain 
that  the  latter  are  only  produced  by  adaptation  in  the  struggle  for  existence'. 

The  first  and  simplest  plants  had  no  ancestors ;  they  arose  by  spontaneous  generation. 
Whether  this  took  place  only  once  ;  whether  only  one  or  a  number  of  primitive  plants 
were  produced  simultaneously,  giving  origin  in  the  latter  case  to  different  developmental 
series,  or  whether,  as  NiLgeii  supposes,  spontaneous  generation  has  tafeen  place  at  all 
times,  and  is  now  taking  place,  giving  rise  to  new  developmental  series,  are  questions 
which  stil!  await  solution,  and  which  we  cannot  follow  out  further  here. 


'  Nageli.  Entstehung  und  Eegriff  der  niturhistoiischen  Art,  Munich  1865. 

=  Pringsheim  has  recently  dra  tt     t         to   certain   phenomena   in   the  Sphacelarice  which 

show  that  a  continued  devel  pm  nt  th  in  asing  morphological  differentiation  may  take  place 
independently  of  the  sttuggl  f  ex  t  n  (.Abh.  Berl.  Acad..  1873).  Cultivated  plants  show,  on 
the  other  hand,  that  a  cons  d      bl  umul  t  on  of  new  physiological  properties  niay  take  place 

unaccompanied  by  important        ph  1      cal   h  nges. 
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Fage  8.  Cell-formation  by  Reju-veneieence.  In  most  cases  the  cell  produced  con- 
tains only  one  nucleus,  but  several  may  be  present,  as  in  the  zoogonidium  of  Vaucheria 
and  in  the  oosphere  of  those  Saprolegniefe  in  which  there  is  only  one  oosphere  in  the 
oogonium. 

The  rwhole  of  the  protoplasm  of  the  cell  is  not  necessarily  involved  in  this  process,  as 
is  shown  by  the  development  of  the  antherozoid  in  many  cases. 

Page  9.  In  the  process  of  conjugation  in  Spirogyra  the  nuclei  of  the  conjugating  cells 
were  observed  by  Schmitz  (Sitzber.  d,  niederrhein.  Ges,  in  Bonn,  1879)  to  coalesce. 

Pago  10.  From  the  researches  of  Sehmitz  on  the  Mynomycetes  {Sitzber.  d.  nieder- 
rhein. Ges.  in  Bonn,  1879),  it  appears  that  the  nuclei  of  the  cells  which  coalesce  to  form 
the  Plasmodium  do  not  fuse  but  remain  distinct :  this  case  of  coalescence  of  cells  cannot, 
therefore,  be  any  longer  regarded  as  an  instance  of  cell-formation  by  conjugation. 

Free  ceU-formatton,  From  the  account  of  this  process  given  in  the  text,  it  is  evident 
that  the  expression  'free  cell-formation'  is  now  used  in  a  sense  different  from  that  which 
it  originally  possessed.  In  its  original  sense  it  implied  the  development  de  motio  of 
fresh  nuclei  around  which  the  protoplasm  became  aggregated  so  as  to  form  cells :  it  is 
now  applied  to  those  cases  in  which  many  nuclear  divisions  take  place  before  any  cor- 
responding cell-divisions  occur.  Taken  in  this  sense,  free  cell-formation  differs  only  in 
degree  from  cell-division,  and  it  is  not  possible  to  distinguish  sharply  between  them : 
for  example,  the  development  of  the  pollen-grains  of  Dicotyledons  is  usually  regarded  as 
coming  under  the  head  of  cell- division,  hut  it  may  equally  well  be  considered  to  be  a  case 
of  very  limited  free-cell  formation  in  which  only  four  nuclei  are  produced  by  division 
before  any  cell-division  takes  place. 

It  must  not  be  assumed  that  there  is  no  such  thing  as  a  formation  of  nuclei  de  nova. 
S trash urger  (Ban  u.  Wachsth.  d.  Zellhaute)  has  pointed  out  that  the  appearance  of  the  male 
pronucleus  iii  the  oosphere  during  fertilisation  {see  p.  584)  is  an  instance  of  it,  inasmuch  as 
the  nuclei  of  the  pollen-grain  do  not  pass  directly  into  the  oosphere,  but  break  'Up ^nd 
become  diffused  either  in  the  pollen-grain  or  in  the  pollen-tube.  Johow  has  observed  the 
breaking-up  and  the  reconstitution  of  nuclei  in  Chara  (Bot.  Zeitg.  1881). 

Page  12.  For  minute  details  as  to  the  development  of  spores  and  of  pollen-grains, 
see  Strasburger,  Ban  und  Wachsthum  der  Zellhaute,  i88s. 

Page  15.  Cfll-far motion  by  Budding  and  Jbjtriction.  Further  instances  of  this  are 
afforded  in  the  formation  of  the  spoi-es  of  Pellia  epiphylla  and  some  other  Liverworts. 
The  mother-cell  of  the  spores  grows  out  into  four  protuberances,  each  of  which  becomes 
shut  off  by  a  septum  in  the  narrow  pedicle  and  forms  a  spore  {Strasburger,  Zelltheilung  und 
Zellbildung,  1880). 

Pago  16.  l^egelaliiK  CttU-formation.  In  the  case  of  naked  (primordial)  cells  division 
takes  place  by  the  gradual  constriction  of  the  protoplasm  ;  this  has  been  observed  by 
Sehmitz  (Mittheil,  aus  der  zool.  Stat,  zu  Neapel,  I,  1878)  in  the  formation  of  zoogonidia  of 
Haloiphisra  -viridii ;  by  de  Bary  in  the  amceboid  zoogonidia  of  Myxomycetes  ;  by  Pring- 
sheim  in  the  oospore  of  CEdogonium ;  and  by  Kirchner  in  the  oospore  of  Folvox  minor. 

Page  17.  The  Behaiiiour  (f  the  Nucleus  during  Division.  The  accounts  of  the  structure 
of  the  nucleus  and  of  its  behaviour  during  division  given  by  Flemming  and  by  Strasburger 
do  not  agree  in  all  points.  The  following  are  the  principal  differences  between  them: 
(i)  Flemming  holds  that  the  chromatin  only  exists  in  the  form  of  fibrillsE;  {2)  he  does 
not  agree  with  Strasburger  that,  in  the  splitting  of  the  equatorial  plate,  any  division  of 
3P 
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the  chromatin  fibrill^  takes  place,  but  he  considers  that  two  groups  of  fibrillae  are  formed 
which  travel  to  the  poles  of  the  spindle ;  (3)  he  is  of  opinion  that  the  equatorial  plate 
consists  of  chromatin  and  the  rest  of  the  spindle  of  achromatin,  whereas  Strasburger 
states  that  the  equatorial  plate  consists  of  the  whole  of  the  nuclear  substance  (both 
chromatin  and  achromatin)  and  that  the  spindle  consists  of  ce!l-protoplasm ;  (4)  Flem- 
ming  does  not  admit  that  the  (ibrillEe,  derived  from  the  equatorial  plate,  which  travel  to 
each  pole,  undergo  fusion  to  form  a  new  nucleus.  (See  Quart.  Joum.  Micros.  Sci.  1BB2.) 
The  illustrative  cases  of  cell-division  which  have  been  given  in  the  tent  refer  only  to 
cells  which  contain  a  single  nucleus.  In  cells  which  are  or  are  about  to  become  multi- 
nuclear, — in  cases,  that  is,  in  which  nuclear  division  is  not  followed  by  cell  division,— 
the  process  of  nuclear  division  is  usually  simpler.  In  the  older  intemodat  cells  of  the 
Characeas,  in  older  parenchymatous  cells  of  Lycopodium  and  of  some  Phanerogams 
{Taraxacum,  Glycer'ia,  Srmperviimm,  Cereus,  Solanum,  etc.),  and  occasionally  in  Valonia  (in 
all  of  which  cases  the  cells  become  mnlti nuclear),  the  nucleus  simply  divides  by  con- 
striction, the  chromatin  granules  being  shared  equally  between  the  two  new  nuclei 
without  any  indications  of  karyotinesis.  Division  may  begin  again  in  the  two  new 
nuclei  even  before  they  are  separated  from  each  other.  This  process  of  nuclear  division 
has  been  termed  fragmentation.  In  Valonia  and  in  Cod'mm  a  rudimentary  form  of  karyo- 
kinesis  has  been  observed  by  Schmitz  and  by  Berthold  (Mittheil.  der  zool.  Stat,  zu 
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to  the  intercalation  of  new  solid  particles  (intussusception),  but  is  simply  the  expression 
of  the  stretching  of  the  cell-wall  by  the  cell-contents. 

Frommann  (Protoplasma,  1880)  believes  that  he  has  been  able  to  trace  a  connexion 
of  the  protoplasm  through  the  walls  of  adjacent  cells.  That  protoplasm  can  pass  through 
closed  cell-walls  is  beyond  doubt.     See  Strasburger,  loc.  cit.  p.  247. 

Fafio  2S.  The  formation  of  bordered  pits.  A  very  different  account  from  that  in 
the  text  is  given  by  Mifeosch  (Unters.  lib,  Entstehung  und  Bau  der  Hoftiipfel,  Sitzber.  d. 
k.  k.  Akad.  in  Wien,  LXXXIV,  1881).  Sachs  has  found  (Ueb.  die  Porositat  des  Holzes, 
Arb,  d,  bot,  Inst,  in  Wurzburg,  11,1879)  that  in  the  spring-wood  at  least  the  bordered  pits 
are  closed  by  a  membrane.     See  also  Strasburger,  Bau  und  Wachsth.  d.  Zellbaute,  1882, 
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Page  29.  'Witli  regard  to  the  growth  of  the  cell-wall  by  intussusception,  see  note 
above  referring  to  page  19.  v 

P^e  80.  With  regard  to  the  growth  in  thickness  of  the  cell-wall,  see  the  note 
referring  to  page  19. 

Page  36,  i6th  line  from  the  top:  for  'molecules'  read  'micellat.' 

Page  37.  Protoplasm.  According  to  Schmitz  {Unters.  ueb.  die  Struktur  des  Pro- 
toplasmas  und  der  Zellkerne,  Sitzber.  d.  niederrhein.  Ges,  in  Bonn,  1880),  a  net-work 
of  fine  fibres  ejtists  in  protoplasm,  the  meshes  of  which  are  occupied  by  a  homogeneous 
fluid ;  the  net-work  readily  stains  with  hiematoxylin,  but  the  fluid  remains  colourless.  In 
the  endoplasm,  more  particularly,  a  greater  or  smaller  number  of  fine  granules,  termed  by 
Hanstein  microsomala,  which  stain  deeply  with  hsmafoxylin,  are  present.  (See  also 
Frommann,  Beob.  iib.  Structur  und  Bewegungserscheinungen  des  Protoplasma,  Jena,  1880. 
—Hanstein,  Das  Protoplasma,  Heidelberg,  1880:  id.,  Einige  Ziige  aus  der  Biologic  des 
Protoplasmas,  Botanische  Abhandlungen,  IV.  3,  1880.— Strasburger,  Zellhaute,  18S3.— On 
the  Chemistry  of  Protoplasm,  see  Reinke,  in  Unters.  aus  dem  Bot.  Lab.  der  Univers, 
Gottingen,  II,  i38i.) 

Page  44.  The  Nucleus.  Schmitz  has  detected  one  or  more  nuclei  in  a  number  of 
Thallophytes  (Balrachospermum  mmlUforme,  Codium,  Vaucheria,  CauUrpa,  Qm/enva,  Gen- 
groiira,  Schizogomum,  Manaitroma,  Chlamydomanas,  Chroolcpui,  Saprolegnia,  Mucar,  Sac- 
cbaromycei,  Mycoderma,  Oid'ium,  Exoajcuj,  Peziaa,  MorcheHa,  Aseobolui,  Myxemycetei,  etc.  ■ 
(Sitzber.  d.  niederrhein.  Ges.  in  Bonn,  1879  and  rSSo) :  he  believes  that  the  Phycochro- 
macesE  and  the  Schizomycetes  are  the  only  plants  in  which  no  nucleus  is  present. 

With  regard  to  the  function  of  the  nucleus,  it  does  not  appear  that  it  regulates  the 
process  of  cell-division.  Strasburger  is  of  opinion  (Ban  und  Waehsthum  der  Zellhaute, 
i88a,  p.  241)  that  it  is  of  importance  in  the  nutrition  of  the  cell,  more  especially  as  regards 
the  formation  of  proteids. 

With  regard  to  the  structure  of  the  nucleus,  see  page  18. 

Chemically  the  nucleus  consists  of  a  substance;  termed  nucUin,  to  which  Miescher  has 
given  the  formula  C,,  H,g  N,  P,  Ojj.  (See  Hoppe-Seyler,  Physiologisehe  Chemie  ;  also 
Zachartas,  Die  chemische  Beschaff'enheit  des  Zellkerns,  Bot.  Zeitg.  1881.) 

Pa«e  48.  On  the  development  of  chlorophyU- granules,  see  Mitosch,  Unters.  Ub. 
die  Entstehung  der  Chlorophyllkbrner,  Sitzber.  d.  k.  k.  Akad.  in  Wien,  LXXVIII,  1878. 

Page  49.  Structure  of  chlorophyll-granules.  Pringsheim  has  observed  (Ueb.  Licht- 
wirkung  und  Chlorophyllfunction  in  der  Pflanze,  Jahrb.  f.  wiss.  Bot.,  XII,  t88r)  that 
when  green  parts  of  plants  are  treated  with  dilute  acids  or  with  warm  water  the  colonring- 
matter  exudes  in  viscid  drops,  the  colourless  basis  remains  behind  and  presents  a  trabecular 
structure  in  the  interstices  of  which  the  colouring- matter  was  previously  contained. 

Page  49-81.  Crystalloids  and  Aleu rone-grains.  On  Rhodospermin,  see  note  on 
page  389.— Schimper,  Unters.  iib.  die  Protein krystalloide  der  Pflanzen,  Strassburg,  1879 : 
id.,  Ueb.  die  Krystallisation  der  eiweissartigen  Substanzen,  Zeitschr.  fiir  Krystallographie, 
1880.— Vines,  On  the  Proteid  Substances  contained  in  the  Seeds  of  Plants,  Journal  of 
Physiology,  III,  1881.— Julius  Klein,  Die  Krystalloide  der  Meeresalgen,  and  Die  Zellkem- 
Krystalloide  von  Pinguicula  und  Vtricutaria,  Jahrb.  f.  wiss.  Bot.  Xill,  1881. 

An  aleurone-grain  consists  of  a  mixture  of  proteids,  some  of  which  are  soluble  In 
water,  and  others  in  either  saturated  or  dilute  solution  of  common  salt;  the  former 
belong  to  the  chemical  group  of  peptones,  the  latter  to  the  globulins.  In  some  cases  the 
grain  does  not  dissolve  in  salt  solution ;  this  is  probably  due  to  a  chemical  alteration  of 
the  globulins  into  albuminates.  The  crystalloids  consist  chemically  of  globulins  or  of 
altered  globulins  (albuminates). 

Page  57  et  jeq.  In  the  account  of  the  growth  of  starch-grains  the  word  '  micella '  is 
to  be  substituted  for  'molecule'  (see  Bk.  Ill):  it  is  also  preferable  to  use  the  word 
'  hilum '  instead  of  '  nucleus.' 

With  reference  to  the  mode  of  growth  of  starch-grains,  it  appears  from  Schimper's 
observations  (Unters.  iib.  das  Waehsthum  der  Starkekomer,  Bot.  Zeitg.  1881J  that  they 
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grow  by  apposition  and  not  by  intussusception.  He  is  led  to  the  conclusion  that  a  starch- 
grain  is  a  sphero-crystal,  built  up  of  prismatic  crystalloids.  (By  a  '  crystalloid '  is  meant  here 
and  elsewhere  a  crystal  which  is  capable  of  swelling- up.)  This  conclusion  is  supported  by 
"iAeyev  [ibid.),3.ad.  by  Strasburger  (Bau  undWachsthum  der  Zellhaute,  i88a},  but  is  severely 
criticised  by  Nageli  (Unters.  ub.  das  Wachsthuni  der  Starkekdrner,  Bot.  Zeitg,  iBBi). 

It  is  known  that  when  starch-grains  are  formed  in  parts  of  plants  exposed  to  light, 
they  arise  in  connexion  with  the  chlorophyll-granules.  Schimper  has  made  the  interesting 
observation  [Bot.  Zeitg,  1880;  also  Researches  upon  the  Development  of  Starch-grains, 
Quart.  Journ,  Micr.  Sci.,  1881)  that  when  they  are  formed  in  parts  of  plants  not  exposed 
to  light  they  arise  in  connexion  with  small  masses  of  protoplasm  which  he  terms  '  starch- 
forming  corpuscles'  (St'drkebildner).  That  they  are  closely  related  to  the  chlorophyll- 
granules  is  shown  by  the  fact  that  if  cells  containing  starch -forming  corpuscles  are  exposed 
to  light,  the  corpuscles  turn  green  and  become  in  fact  chlorophyll-granules.  Errera 
suggests  the  name  '  amidoplasts '  for  these  bodies. 

Schimper  observed  that  the  point  of  attachment  of  the  starch.grain  to  the  chlorophyll- 
granule  or  starch-forming  corpuscle  lies  in  the  line  of  the  long  axis  of  the  grain, — that  is, 
in  the  line  of  most  rapid  growth, — and  at  its  broader  end ;  the  hilum  is  near  the  free 
narrow  end  of  the  grain.  These  facts  afford  a  strong  argument  in  favour  of  the  growth  of 
the  grain  by  apposition. 

Page  64,  line  9  from  the  top.     For  ' erccta'  read  'e-vecla.' 

Page  65.  On  the  distribution  of  calcium  carbonate,  see  Molisch,  Ueber  die  Abla- 
gerung  von  kohlensaurem  Kalk  im  Stamme  dicotyler  Holzgewachse,  Sitzber.  d.  k.  k.  Akad. 
in  Wien.LXXXIV,  i83i. 

Page  68.  Cystoliths.  See  also  Richter,  Beitr.  zur  genauern  Kenntniss  der  Gysto- 
lithen,  etc.,  Sitzber,  d.  k.  k.  Akad.  in  Wien,  LXXVI,  1877,  and  Melnikoff,  Unters.  ub.  das 
Vorkommen  des  Kuhlensauren  Kalkes  in  Pflanzen,  Diss.  Inang.,  Bonn,  1877. 

Page  70.  The  statement  made  here  with  reference  to  the  formation  of  the  endo- 
sperm in  the  embryo-sac  of  Phanerogams  is  not  quite  accurate ;  compare  p.  585. 

For  a  more  complete  account  of  the  Morphology  of  the  Tissues,  see  de  Bary, 
Vergleichende  Anatomie  der  Vegetationsorgane  der  Phanerogamen  und  der  Fame,  1877. 

Page  77,  Leitgeb  has  found  (Die  Athemoffnungen  der  Marchantiaceen  (Sitzber. 
d.k.k.  Akad,  in  Wien,  LXXXI,  1880)  that  the  hypodermal  chambers  of  these  plants  is  not 
formed,  as  described  in  the  text,  by  the  separation  of  the  epidermal  cells  from  the  sub- 
jacent tissue:  these  chambers  make  their  first  appearance  as  pits  which  become  overgrown 
by  the  epidermal  cells  which  form  their  limits,  and  the  communication  between  the  cavity 
of  the  pit  and  the  external  air  may  be  continuous  from  the  beginning,  or  the  pits  may 
become  completely  closed  in  by  the  overgrowth  of  the  surrounding  epidermal  cells,  the 
communication  being  restoi-ed  on  the  development  of  the  stoma.  In  both  cases  the  cells 
forming  the  stoma  are  not  derived  from  a  single  mother  cell;  in  the  former  case  the 
stomatal  cells  are  formed  by  the  cutting  off  of  contiguous  segments  from  the  cells  bounding 
the  opening ;  in  the  latter,  by  the  cutting  off  of  segments  in  a  similar  manner  from  the 
cells  lying  over  the  centre  of  the  cbainber,  and  by  the  subsequent  separation  of  these 
segments  so  as  to  form  an  opening  between  them.  The  stomatal  cells  may  then  divide  so 
as  to  form  a  series  of  superposed  cells,  and  thus  the  complex  stoma  of  Marcbanlia,  for 
example,  is  produced. 

Page  86.  On  the  development  of  latidferous  vessels,  see  Schmalhausen,  Beitr.  z. 
Kenntniss  der  Milchsaftbehalter  der  Pflanzen,  M^m.  de  I'Acad.  imp.  de  St.  Petersbourg, 
XXIV,  1877  ;  also  Scott,  The  Development  of  Articulated  Laticiferous  Vessels,  Quart. 
Journ.  Micr,  Sci.,  i88a,  and  Schmidt,  Bot,  Zeitg,,  1882. 

Page  88,  line  1  from  the  bottom.  The  statement  in  the  text  that  sieve-tubes  occur 
only  in  the  fibro-vascular  bundles  is  not  correct.  Scattered  bundles  of  them  occur  in  the 
stems  of  many  Dicotyledons  and  Monocotyledons ;  in  the  periphery  of  the  pith  in  Solanum 
tuberosum.  Dulcamara,  species  of  Nicotiana,  Datura,  and  Cejtrum,  in  many  Campanulacese, 
and  among   Composites   in   Gundelia  7ourne/ortii,   and  in  the  genera  Lacluca,  Sconconera, 
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Sonrhus,  Tragopogon,  and  Hieracium ;  in  the  cortex  of  thict-sf  emmed  Cucurbitaces,  such  aS 
Cucarbita,  Lagcnana,  Cucumij,  Ecbalmm,  and  in  many  species  of  Potamogelim  (P.  natanj, 
luceni,  pectinatus). 

In  Siiychnos  no  sieve-tubes  are  formed  in  the  secondary  phloem,  but  they  occur  in  the 
,  xylem  {de  Bary,  VergleJchende  Anatomle,  p.  594). 

Fage  80.  For  a  full  account  of  the  structure  of  sieve-tubes,  and  of  their  transverse 
connexion,  see  Wilhelm,  Beitr.  z.  Kenntniss  des  Siebrohrenapparates  Dicotyler  Pflanzen, 
Leipzig,  18S0;  also,   Janczewski,  !6tudes  comparges  sur  les  tubes  cribreux,   Cherboui^, 

Page  93.  On  tlie  development  of  resin-ducts,  see  Kreuz,  Beitr.  ziir  Entwicke- 
lungsgeschichte  der  Harzgange  einiger  Coniferen,  Sitzber,  der  k.  k.  Akad.  in  Wien, 
LXXVI,  1877. 

Page  98.  StQhr  (Ueb.  Vorkommen  von  Chlorophyll  in  der  Epidermis  der  Phanero- 
gamen-Laubhlatter,  Sitzber.  d.  k.  k.  Akad.  in  Wien,LXX!X,  1879)  has  found  chlorophyll- 
granules  in  the  epidermal  cells  of  the  leaves  of  a  large  number  of  plants. 

Page  102,  Mention  should  be  made,  luider  the  head  of  Stomata,  of  the  water- 
stomata  or  water-pores  which  occur  on  the  leaves  of  those  plants  (such  as  Alchemilla,  Tea, 
many  Aroids,  Saxifragacesc,  and  CrassulaccEc)  which  excrete  drops  of  water.  In  some  of 
these  an  ordinary  stoma  serves  as  a  water-stoma ;  in  others  the  water-stomi  is  larger  than 
the  ordinary  stoma,  and  its  guard-cells  are  incapable  of  opening  and  closing  the  aperture. 
In  the  Saxifragacese  and  Crassulaces  the  mesophyll-cells  beneath  the  water-stoma  are 
differentiated  so  as  to  form  a  more  or  less  well-defined  mass  of  tissue,  the  water-gland, 
which  appears  to  effect  the  excretion  of  saline  substances  (principally  calcic'  carbonate)  in 
solution  in  the  excreted  water.  In  each  such  gland  a  libro- vascular  bundle  terminates. 
See  Gardiner,  Quart.  Journ,  Micr.  Sci.,  1881  ;  also  de  Bary,  Vergleichende  Anatomic,  pp. 
55.  113.  389. 

Page  105.  On  the  development  of  the  stomata  of  Marchantia,  see  the  note  above 
which  refers  to  p.  77. 

Page  106.  On  Corfe,  see  von  Hohnel,  Ueber  den  Kork  und  verkorkte  Gewebe 
iiberhaupt,  Sitzber,  d.k.k,  Akad.  in  Wien,  LXXVI,  1877,  When  cork  is  developed  in  roots 
it  is  formed  by  the  division  of  the  cells  of  the  pericambium,  the  primary  cortex  being 
gradually  thrown  off. 

Page  108.  On  Lenticels,  see  Haberlandt,  Beitrage  zur  Kenntniss  der  Lenticellen, 
Sitzber.  d,  k.  k.  Akad.  in  Wien,  LXXII,  1875,  and  Kreuz,  ibid.,  Entwickeiung  der  Lenti- 
cellen an  beschatteten  Zweigen  von  Ampelopsii  hederacea. 

Page  112,  In  addition  to  collateral  and  concentric  bundles  the  following  may  also 
be  distinguished  ;— 

1.  Bii:o//ji(erfl/ii«^/ej,  in  which  (as  mentioned  on  page  1 11)  there  is  a  layer  of  phloSm 

on  the  inner  as  well  as  on  the  outer  side  of  the  xylem ;  Cucurbitaceje, 
Melastomacese,  Gichoriace:e,  Solanace^,  Asclepiadace^  ApocyneK,  Strycbnai, 
Daphne,  Eucalyptw  Ghbulu!,  and  probably  also  Mtlrosideroi,  CalliiUmon,  Mela- 
iiuea,  Myrluj,  and  the  other  species  of  Eucalypttii. 

2.  Radial  Bundles,  in  which  the  xylem  and  the  phloSm  strands  lie  on  different  radii. 

This  arrangement  obtains  almost  universally  in  rOots,  exceptions  being  found 

in  those  of  Dioicorea  Batata-i,  of  OphrydcE,  and  perhaps  in  those  of  Sedum 

Tekpbium  and  its  allies,  in  which  the  bundles  are  collateral.     The  bundles 

in  the  stems  of  Lycopodiacei  are  rather  to  be  regarded  as  radial  than  as 

concentric  as  is  done  in  the  text,     (De  Bary,  VergI,  Anat.) 

Page  114,     The  Fibro- vascular  System  of  Roots.     On  the  transition  from  the  fibro- 

vascular  system  of  the  stem  to  that  of  the   root,  see  Sophie  Goldsmith,  Beitr.  z,  Ent- 

wickelungsgeschichte   der   Fibro vasalmassen    im   Stengel   und    in   der   Hauptwurzel   der 

Dicotyledonen,  Diss.  Inaug.  Zurich,  1876;   Gerard,  Passage  de  la  Racine  a  la  Tige,  Ann. 

Sci.  Nat.  ser.  6,  t,  XI,  i88t. 

Page  lie.    The  '  vessels '  (tracheie)  in-  most  plants  are  really  tracheides :  this  is  the 
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case  with  the  peripheral  ends  of  fibro-vaseular  bundles  in  all  plants ;  with  the  vascular 
elements  of  the  secondary  xylem  of  Conifers  and  Cycads,  and  with  most  of  those  of  the 
secondary  xylem  of  woody  Dicotyledons  and  of  many  Monocotyledons ;  with  the  vascular 
elements  of  Ferns  and  their  allies  (true  veiielj  are  known  only  in  Pterh  aqailina  and  in  the 
root  oi  Athyriam  FUlxfamiaa).     See  de  Bary,  Vergleichende  Anatomic,  p.  172. 

The  definition  given  in  the  text  is  not  satisfactory :  a  tracheide  is  a  closed  vascular 
cell ;  true  •vesieh  are  formed  by  the  fusion^ — that  is,  by  the  absorption  of  the  intervening 
septa— of  tracheides. 

Page  118.  De  Bary  (Vergleichende  Anatomic)  distinguishes  the  following  kinds  of 
prosenchymatous  xylem-elements  in  Dicotyledons  (see  also  p.  651): — 

(i)     True  Woody  Fibres:  differing  from  tracheides  in  the  absence  of  the  internal 
spirally- fibrous  layer  of  their  wall,  and  in  that  the  pits  are  narrow,  elongated 
transversely,  and  oblique ;  they  contain  a  small  residue  of  protoplasm. 
(2)     Fibres  (secondary  wood) :  septate  or  unseptate,  of  two  kinds, 

a.  resembling  the   true   woody   fibres,  but  differing   from  them  in   that 

they  almost  always  contain  starch,  and  sometimes  chlorophyll  or 
tannin ; 

b.  shorter  fibres,  tending  to  parenchymatous  form  (hence  termed  ersatx~ 

fasern  or  '  intermediate  cells '). 
Page  130,  line  13  from  the  top.     Dele  the  word  '  cortex.' 

„  line  16  from  the  top.     For  '  phloem  (R) '  read  '  cortex  (R).' 

Page  131,  line  20  from  the  top.     For  '  secondary  cortex '  read  '  secondary  phloem,' 
Page  133,  line  25  from  the  top.     Dele  the  word  'phloem.' 

Page  185.  The  cambium  which  is  formed  outside  the  primary  sylem-bundles  arises 
in  the  pericambium. 

Page  136,  section  (c).  The  following  is  to  be  substituted  for  the  last  two  para- 
graphs of  this  section  :— 

1,  The  successive  rings  of  bundles  originate  in  the  primary  cortex ;  Menispermefe, 

Cycadese,  Avicenniei. 

2.  They  originate  in  the  primary  phloem :  Phytolacca. 

J.  They  originate  in  the  secondary  phloem :  Wistaria,  Bauhinia,  Rhymhosia  (Legu- 
minosse);  Secur'idaca  {Polygalacese) ;  Gnetum;  Dolkcarpus  (DilleniaccK)  ; 
Phylocrene  (Olacines).  (See  de  Bary,  Vergleichende  Anatomie,  1877.) 
Section  (d).  The  account  of  the  mode  of  growth  of  the  stems  of  BignoniaceK  given 
by  de  Bary  {he.  cit.)  differs  somewhat  from  that  in  the  text.  According  to  him  four 
symmetrically  placed  fibro-vascular  bundles  of  the  ring  of  primary  bundles  in  the  stem  are 
from  the  first  larger  than  the  others,  all  the  bundles  being  connected  by  a  normal  cam- 
bium-ring. "When  growth  in  thickness  begins  it  proceeds  normally  at  all  points  except  in 
the  four  above-mentioned  bundles ;  in  these  the  formation  of  xylem  elements  is  very  much 
smaller  than  in  the  adjoining  bundles,  whereas  the  formation  of  bast  is  much  more  con- 
siderable. The  cambium  layer  consequently  loses  its  originally  circular  outline  and 
becomes  deeply  infolded  where  it  extends  inwards  to  each  of  these  four  bundles.  Where 
it  lies  radially  with  respect  to  the  primary  bundles,  that  is,  where  it  is  parallel  to  the 
circumference,  the  cambium-layer  gives  rise  to  xylem  and  phloem  elements  in  the  normal 
manner:  where  the  infoldlngs  take  place,  that  is,  where  it  lies  upon  the  sides  of  the  bundles 
in  which  the  wood  has  been  normally  developed,  it  forms  only  parenchyma,  so  that  con- 
siderable masses  of  cortical  tissue  are  formed  between  the  normally  developed  bundles, 
corresponding  in  position  to  the  four  abnormally  developed  bundles. 

Page  137,  line  21  from  the  bottom.  None  of  the  scattered  bundles  in  the  pith  of 
Piperaceat,  Amarantacete  (Amarantus,  Euxolus),  or  Nyctagines  are  cauline :  they  are  leaf- 
traces  (de  Bary,  Vergl.  Anat.).  The  structure  of  these  abnormal  forms  will  be  rendered 
more  intelligible  by  the  following  considerations.  The  primary  bundles  in  the  dicotyle- 
donous stem  are  in  some  cases  all  leaf-traces  {e.  g.  Ricinus,  Cucurbita),  but  more  commonly 
pther  primary  bundles  which  are  cauline  are  formed  between  the  primary  leaf-traces. 
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When  all  the  bundles  lie  in  a  ring,  the  characteristic  structure  of  a  young  dicotyledonous 
stem  is  seen  in  a  transverse  section  ;  when  they  do  not  lie  in  a  ring,  the  appearance  pre- 
sented by  a  section  is  that  of  an  abnormal  stem.  In  the  instances  mentioned  above  the 
latter  is  the  case ;  but  a  more  marked  instance  of  this  is  afforded  by  Podophyllum,  for 
example,  in  which,  owing  to  the  irregular  distribution  of  the  primary  bundles  {which  are 
here  all  leaf-traces),  a  transverse  section  of  the  stem  somewhat  resembles  that  of  a  mono- 
eotyledonous  stem. 

The  account  given  in  the  tCKt  of  the  formation  of  the  cambium-ring  in  Cbavtca 
(Piperacesc)  will  be  correct  if  for  '  cauline  bundles'  'inner  leaf-trace  bundles'  be  sub- 
stituted ;  that  given  of  the  Begoniaces,  in  which  the  internal  bundles  are  cauline,  is 
correct. 

Section  19.  For  an  account  of  the  laws  according  to  which  cell -divisions  take  place 
in  growing  organs,  see  Sachs'  important  paper  Ueb.  die  Anordnung  der  Zellen  in  jungsteu 
Pflanzentheilen,  Arb.  d.  bot.  Inst,  in  Wtirzburg,  II.  i,  187B,  The  following  are  the  more 
important  points  to  which  he  draws  attention  :•. — 

I.    The  walls  are  formed  at  right  angles  to  those  which  they  intersect. 
i.    The  planes  of  the  walls  in  a  growing-point  are  classified  thus : 

a.    Ptriclinal,  those  which  are  curved  in  the  same  direction  as  the  surface 

(seen  in  longitudinal  section), 
i.    Anliclinal,  those  which  intersect  the  surface  and  the  periclinal  walls  at 
right  angles;  they  thus  constitute  a  system  of  orthogonal  trajec- 
tories for  the  periclinal  walls. 

c.  Radial,  those  which  pass  through  the  axis  of  growth  and  intersect  the 

surface  at  right  angles. 

d.  Trani'verse,  those  which  intersect  both  the  asis  of  growth  and  the 

surface  at  right  angles. 
The  relation  of  the  periclinal  and  anticlinal  planes  are  illustrated  by  the  following 

a.  If  the  outline  {in  longitudinal  section)  of  the  growing-point  is  a  para- 

bola, the  periclinals  will  constitute  a  system  of  confoca!  parabolas  of 
different  parameter,  the  focus  of  the  system  being  at  the  point  of 
intersection  of  two  lines  of  which  one  is  the  direction  of  the  axis 
and  the  other  of  the  parameter.  In  this  case  the  anticlinals  being 
the  orthogonal  trajectories  of  the  periclinals,  constitute  a  system  of 
confocal  parabolas  the  axis  and  focus  of  which  coincide  with  those 
of  the  periclinals. 

b.  If  the  outline  of  the  growing-point  is  a  hyperbola,  the  periclinals  will  be 

confocal  hyperbolas  with  the  same  axis  but  different  parameter; 
the  anticlinals  will  be  confocal  ellipses,  with  the  same  focus  and  axis 
as  the  periclinals, 

c.  If  the  outline  of  the  growing-point  is  an  ellipse,  the  periclinals  will  be 

confocal  ellipses ;  the  anticlinals  will  be  confocal  hyperbolas. 
It  must  not  be  supposed  that  the  outline  of  a  growing-point  is  necessarily  one  or 
other  of  these  well-known  geometrical  forms ;  they  are  selected  merely  because  they  serve 
to  illustrate  clearly  the  rectangular  intersection  of  the  cell-walls  as  they  are  formed,  and 
because,  when  the  nature  of  the  periclinal  and  anticlinal  curves  is  miknown,  their  relations 
may  be  inferred  by  analogy. 

An  interesting  deviation  is  found  in  those  roots  (such  as  those  of  Papilionace^)  in 
which  the  apex  of  the  plerome  are  open,  i.  e.  are  directly  continuous  with  the  tissue  of  the 
root-cap ;  this  is  to  be  ascribed  to  the  fact  that  the  periclinals  at  tie  end  of  the  root 
become  parallel  or  even  tend  to  diverge  upwards. 

3.  The  arrangement  of  the  cell-walls  in  these  planes  is  most  perfectly  seen  in  the 
growing-points  of  plants  which  do  not  possess  a  single  apical  cell  but  in 
which  there  is  a  small-celled  meristem.    A  large  apical  cell  interrnpts  the 
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continuity  of  the  planes  which  are  evident  in  the  divisions  which  take  place 
in  the  segments  cut  off  from  the  apical  cell. 
4.    It  is  probable,  contrary  to  tbe  generally  received  view,  that,  in  confocal  grow- 
ing-points,  the   apical   cell    represents   the    most   slowly   growing   portion, 
whereas  in  non-confocal  meristem-protuberances  the  most   active   growth 
may  take  place  at  the  apex.     Westermaier  however  has  come  to  the  con- 
clusion  (Ueb.   die  Wachsthumsintensitat  der   Scheitelzelle,  Jahrh.   f.  wiss. 
Bot.,  XII,  r88i)  that  the  masimum  of  increase  in  volume  within  the  apical 
region  is  exhibited  either  by  the  apical  cell  itself  or  by  the  youngest 
segments. 
Page  140.     On  the  apical  growth  of  Metxgeria  /urcata,  see  Goebel,  Ueb.  das  Wachs- 
thum   von  Met-ngeria  furcata  und  Aneura,  in  Arb,  d,  bot.  des  Bot.   Inst,  in  Wiirzburg, 
II.  2,  1879- 

When  the  segments  are  cut  off  from  the  apical  cell  by  oblique  walls  these  are  parts  of 
anticlinals  which  are  completed  by  the  secondary  divisions  in  the  adjacent  segments  (see 
fig.  150  A). 

Page  146,  On  growing-points  of  stems  without  an  apical  cell,  see  Schmiti,  Beob. 
ueb.  die  Entwickelnng  der  Sprossspitze  der  Phanerogamen,  Halle,  1874, 

Page  147,  line  j  from  the  bottom.  It  is  only  in  certain  cases  that  the  root-cap  of 
Phanerogams  is  derived  from  the  dermatogen. 

On  the  structure  of  the  growing-points  of  roots,  see  Janciewsti,  Recherches  sur  le 
d^veloppement  des  racines  dans  les  PhanSrogames,  Ann.  d.  Sci.  Nat.,  ser.  5.  t.  XX,  1874  : 
— Treub,  Le  Meristeme  primitif  de  la  Racine  dans  les  Monocotylfidones,  Leyden,  1876 : — 
Eriksson,  Ueb.  das  Urmeristerii  der  D'ko  ylen  W  rz  In  J  h  b  f.  wiss.  Bot.  XI,  1878  :— 
Flahault,  Recherches  sur  I'Accroissemen  erm  nal  d  a  Ra  ne  chez  les  Phan^rogames, 
Ann.  d.  Sci,  Nat,  ser.  VI.  t.  6,  1878  — O  Re  h      n         ppareil   tegumentaire    des. 

Racines,  Ann.  d,  Sci.  Nat.,  s^r.  6,  t.  X       83        A  good  a  coun    is  also  ^ven  in  de  Bary's 
Vergleichende  Anatomic. 

From  Janczewski's  researches,  f  h  h  he  fo  ow  nj,  a  brief  abstract,  it  appears 
that  in  many  cases  there  is  a  distinct  m  na        a  h    h  he  terms  the  calyptrogin, 

from  which  the  root-cap  is  derived  : — 

Type  r.  The  meristem  consis  of  ou  d  n  aye  s  Plerome,  Perlblem,  Der- 
matogen, and  Calyp  0%  r\  H  d  />  w  W  «  RaniE,  Piilia  Stratiolei. 
7yfc  3.  A  distinct  Plerome  and  Calyptrogen,  the  Periblem  and  the  Dermatogen 
have  common  initial-cells  :  many  Monocotyledons  (JuncacesE,  Hxma- 
doraccie,  CannacesE,  Zingiberaceae,  Typha,  CyperaceLC,  Graminese,  Com- 
melinex,  Potamex,  JuncagincEe,  Sagittaria,  Linmocharii,  Stratiotes), 
type  3.  A  distinct  Plerome ;  the  Calyptrogen,  Periblem,  and  the  Dermatogen 
have  common  initial  cells  (Treub) :  many  Monocotyledons  (Liliaces, 
Asteliese,  Xerotidese,  AspidistresE,  Ophicpogone^,  Amaryllidex,  Hypo- 
xidesE,  DioscoreEE,  Ticcacese,  Bromeliacei,  MusaceEc,  Orchidese,  Palms, 
PandancE,  Cyclanthex,  Aroide*  (except  Piitia),  IrideK,  Pontederies, 

Sparganium,  Butomus,  AHima  (?). 

lype  4.  A  distinct  Plerome  and  Periblem ;  the  Dermatogen  and  the  Calyptrogen 
have  common  initial  cells :  most  Dicotyledons  {Helianthui  annum, 
Fagopyrum,  Rapbaaus  satiiius,  Myriophyllum,  Salix,  Caiuarma  ilricta, 
Linum  asitaiiiiitnum,  PrimulacfiLe). 

Type  5.  A  group  of  initial  cells  common  to  all  four  layers :  some  Dicotyledons 
iCucurbita,  P'uam,  Pbaseolui,  Cicir). 

Type  6.  A  distinct  Plerome  and  Periblem  only ;  hence  there  is  no  true  epidermis 
or  root -cap,  these  being  formed  simply  by  the  outer  layers  of  the  peri- 
blem (cortex) ;  Gymnosperms. 

Cryptogams,  According  to  the  observations  of  Strasburger  (Coniferen  und  Gne- 
taceen)  and  of  Bruchmann  (Ueb,  Wuraeln  von  Lycopodium  und  Isoetes, 
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Jena,  i8?4)  the  structure  of  the  growing-point  of  the  root  of  Lycopodium 
is  the  same  as  that  described  above  under  Type  i. 

According  to  Bruchmann  the  structure  of  the  growing-point  of  the  root  of  hoetei 
agrees  with  that  described  under  Type  4. 

At  the  growing-point  of  the  root  in  the  Maraftiacea;  there  is  a  group  of  several 
large  poiygona!  cells.  From  these  segments  are  cut  off  parallel  to  the  base  to 
form  the  root-cap,  and  internally  segments  are  cut  off  to  increase  the  Plerome, 
The  plerome-segments  are  further  divided  by  longitudinal  walls,  and  the  more 
external  of  the  cells  thus  formed  constitute  the  cortex,  which  is  differentiated 
at  a  lower  level  into  Dermatngen  and  Periblem.  These  roots  are  thus  inter- 
mediate in  their  structure  between  those  which  have  a  single  apical  cell  and 
those  which  have  a  small-celled  meristem.  In  the  case  of  stems,  those  of 
certain  Selag'mellx  [arhorejceni,  FervilUi,  Waltkhii,  Lyalli)  occupy  an  analogous 

Page  149.  For  a  discussion  of  the  physiological  causes  of  the  morphological  differ- 
entiation of  Plants,  see  Sachs,  StofF  und  Form  der  Pflanzenorgane,  Arb.  d.  bot.  Inst,  in 
Wurzburg,  II.  3,  1880,  and  4,  1882  :  see  also  V6chting.  Ueb,  Organbildung  im  Pflanzen- 
reich,  1878,  and  F.  Darwin,  The  Theory  of  the  Growth  of  Cuttings,  Journ.  Linn.  Soc, 
XVIII,  1881. 

Page  153.  On  the  Anatomy  and  Morphology  of  the  Leaf,  see  J.  Chatin,  De  la 
Feuille,  Paris,  i8;4;  and  Goebel,  Beitr.  zur  Morphologie  und  Physiologie  des  Blattes, 
Bot.  Zeitg.  1S80  and  1882. 

Pago  163,  fig.  12  2.  The  root  represented  here  affords  a  good  illustration  of  the 
structure  of  the  apex  described  above  under  Type  2;  it  is  obvious  that  the  original 
interpretation  was  the  right  one,  namely,  that  the  root-cap  is  not  developed  from  the 
derma  togen. 

Page  166.  On  the  development  of  the  lateral  roots,  see  Janczewski,  Recherches  sur 
le  Developpement  des  Radicelles  dans  les  Phan^rogames,  Ann.  d.  Sci.  Nat.,  s^r.  5,  XX, 

1874- 

In  the  EquisetaceiE  the  plerome-  (bundle-)  sheath  consists  of  two  layers  (Van 
Tieghem),  and  it  is  from  cells  of  the  inner  layer  that  the  lateral  roots  are  developed. 

Line  5  from  the  bottom.     For  '  vascular '  read  '  xylem.' 

Page  168,  paragraph  (e).  For  another  case  of  the  conversion  of  a  root  into  a  stem, 
see  Goebel,  Ueb.  Wurzelsprosse  von  Anthuriutn  hngifelium,  Bot.  Zeitg.  1878. 

Page  170.  Wdiritjchia  produces  two  leaves  in  addition  to  the  cotyledons  (see  Bower, 
Q^J.  M.  S.  r88i). 

Page  171.  It  has  been  found  (see  p.  400)  that  the  shoots  of  EquisetacejE  are  not 
endogenous. 

Page  172,  paragraph  (a).  See  Heinricher,  Ueb.  Adventivknospen  an  der  Wedel- 
spreite  einiger  Fame,  and.  Die  jungsten  Stadien  der  Adventivknospen  an  der  Wedel- 
spreite  von  Jl^pknium  bulb'iferum,  Sitzber.  d  k.  k.  Wien.  Akad.  LXXVIII,  1878,  and 
LXXXIV,  1S81.  He  finds  that  in  Aiplenium  the  adventitious  bud  is  developed  from  a 
lit^U  superficial  cell. 

Page  173,  paragraphs  (b)  and  (c).  On  the  adventitious  development  of  organs,  see 
Hansen,  Vergl,  Unters.  ueb.  Adventivblldungen  bei  den  Pflanzen,  Frankfurt,  1881. 

Paragraph  (e).  It  has  been  shown  by  Janczewski  and  by  Famintzin  that  the  lateral 
buds  of  Equisetaces  are  not  of  endogenous  origin. 

Page  184,  paragraph  (d).  It  is  pointed  out  in  Book  11  that  the  branching  of  the 
stem  of  the  Lycopodiace*  is  not  dichotomous  in  all  cases. 

Page  187,  PhyilotaKis.  On  this  subject  see  Schwendener,  Mechanische  Theorle 
der  Blattsteilungen,  Leipzig,  1878.  According  to  him  the  relative  positions  of  lateral 
members  depends  upon  (i)  the  relative  size  of  the  lateral  members  (when  they  are  deve- 
loped close  together),  and  {2)  the  increase  in  length  and  in  tliickness  of  the  axis  bearing 
them. 
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Page  204,  paragraph  {4).  Sachs  points  out  (Ueb.  orthotrope  und  pkgiotrope  Pflan- 
zentheile,  Arb.  d.  bot.'Inst.  in  Wurzburg,  II.  2,  1879)  that  most  monosy  111  metrical  or 
bilaterally  symmetrical  organ's  present  not  only  two  symmetrical  (right  and  left)  halves, 
but  also  dorsal  and  ventral  halves  which  are  of  different  internal  structure;  such  organs  he 
describes  by  the  term  dorsi-uentral.  When  this  is  the  case  the  two  halves  react  differently 
to  external  forces  {light,  gravity,  etc.),  and  the  organ  is,  according  to  his  terminology, 
plagiotropic.  Some  bilateral  oi^ns  are  therefore  plagiotropic,  but  this  peculiarity  is  not 
confined  to  them,  for  some  polysym metrical  organs  are  plagiotropic  also  (see  Book  III. 
p.  854  ;  also  Goebel,  Ueb.  die  Verzweigung  dorsiventraler  Sprosse,  Arb.  d,  bot.  Inst,  in 
Wiizburg,  II.  J,  18S0).  The  term  'actinomorphic'  is  often  used  as  synonymous  with 
'  polysymmetrieal.' 

Page  209.  On  the  morphology  of  Begonia,  see  Eichler,  Ueb.  Wuchsverhaltnisse  der 
Begonien,  Sitzber.  d.  Ges.  naturfor.  Freunde,  Berlin,  1880. 

Page  224,  line  16  from  bottom;  dele  'germinal  vesicle.' 

For  an  account  of  sexual  reproduction  more  in  accordance  with  our  present  know- 
ledge, see  Book  III.  p.  896,  et  seq. 

Page  226.  Alternation  of  Generations  in  Thaliophytes.  It  is  extremely  doubtful  if 
any  real  alternation  of  generations  can  be  detected  in  the  life-history  of  Thallophytes, 
more  particularly  in  the  one  (PenkilUum)  given  as  an  example  in  the  text.  The  sexual 
and  the  asexual  modes  of  reproduction  both  occur,  but  their  relation  in  time  and  space  is 
not  so  definite  as  to  warrant  the  comparison  of  the  life-history  of  one  of  these  plants  with 
that  of  a  Moss  or  a  Fern.  In  some,  such  as  the  ColeochieteEe,  sexual  individuals  occur 
periodically  with  a  number  of  intervening  asexual  generations  ;  the  same  might  be  said  of 
some  of  the  .ff;c idiom ycetes  (such  as  ^c.  Berhfridu)  if  only  the  existence  of  a  sexual  act 
were  proved.  These  remarks  are  also  applicable  to  the  accounts  of  the  life-histories  of 
various  plants  given  in  the  Introduction  to  the  Thallophytes  in  Book  II.  (See  Pringsheim, 
Jahrb,  f.  wiss.  Bot.  XI,  187S;  and  Vines,  Journal  of  Botany,  1879.) 


BOOK  II. 

Page  246.  Cyanophycea:  (or  Phycochromace^,  or  Schizophycete).  Goebel  (Bot. 
Zeitg.  1 880,  p.  490)  has  observed  the  formation  of  zoogonidia  in  Merhmitpedia, 

Janczewski,  Observ,  sur  la  Rgprod.  de  quelques  Nostocacees,  Ann,  Sci.  Nat,  sSr.  V,  19. 

The  segments  into  which  the  filamentous  forms  of  this  group  break  up  have  been 
termed  by  Thuret  Hormogonia. 

Pftge  248.  RostafinskI,  Quelques  mots  sur  VHsmatacoccui  lacustrii,  M6m.  de  la 
Soc.  Nat.  des  Sc.  Nat.  de  Cherbourg,  1875  ;  Dyer,  Sexual  Reproduction  of  Thallophytes 
Q.  J.  M.  S.  1875. 

For  '  Clorophyll '  read  '  Chlorophyll.' 

Schizomycetes.  The  formation  of  gonidia  in  these  plants  was  fir^t  observed  hy  Cohn 
in  Bacillus  (Beitr.  z.  Biol.  d.  Pflnzn.  I).  The  filaments  elongate  very  rapidly  and  become 
diffluent,  and  then  rows  of  highly  refractive  gonidia  make  their  appearance  in  them. 

The  following  additional  references  will  suffice  as  an  introduction  to  the  very  ex- 
tensive recent  literature.  Dallinger  and  Drysdale,  On  the  Existence  of  Flagella  (cilia)  in 
Bacterium  Termo,  Monthly  Microscop.  Joum.  XIX,  i8;5:— Wanning,  On  new  forms  of 
Bacteria,  Vldensk.  Meddel.,  Copenhagen,  1875  :— Suringar,  On  Sareiaa,  Amsterdam,  1866 : 
—Papers  by  Cohn,  Koch,  and  others,  in  Cohn's  Beitr.  z.  Biol.  d.  Pflnzn.  vol.  2,  and  vol.  j.  I 
1877-79:— Geddes  and  Cossar  Ewart,  Proc.  Roy.  Soc,  1878  (Sj)jri7/BOT) :— Reports  in 
QiJ.  M.  S,,  vols.  XVIII  and  XX,  187S-80);— Kuehn,  Ein  Beitrag  zur  Biologie  der  Bae- 
terien,  Dorpat,  1879 :— Nencki,  Beitrage  zur  Biologie  der  Spaltpiize,  Leipzig,  1 8B0 :— Lister, 
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On  the  Relation  of  Micro-organisms  to  Disease,  Q;  J.  M.  S.  iSSi : — Prazmowski,  Unters. 
ijb.  Eiitwick.  und  Fermentwirltung  eiiiiger  Bacterien-Asten,  iBBo:— Papers  in  Nageli's 
Unters,  ueb.  niedere  Pilze,  Munich,  1882  ;  also  Die  niederen  Pilze,  1877  (sanitary). 

Page  249.  Saecharomycetes.  Nageli,  Ueb.  die  clieraische  Zusamfnensetzung  der 
Hefe,  in  Sitzungsber,  d,  Akad.  d.  Wiss.  zu  Mfinchen,  1878 ;  also,  Theorie  der  Gahrung, 
Munich,  1879  L^Hansen,  Reclierclies  sur  la  Physiologic  et  la  Morphologic  des  Ferments 
alcooliques,  Copenhagen,  1B81:  —  Reess,  Ueb.  den  Soorpilz  {O'idiam  albkant,  Robin), 
Eriangen,  1877. 

Page  250,  note  j :  for  '  Lebrbuch'  read  '  Lehrbueb.' 

Page  258.    Note  a  :  see  also  Book  I.  p.  i6. 

Page  260.  Diatomaeete,  For  a  full  account  of  this  group,  see  Pfitzer,  Die  Bacil- 
lariaceen  (Diatomaceen),  in  vol.  II  of  Schenk'sHandbueh  der  Botanik,  part  of  the  Scientific 
Encyclopedia  published  by  Trewendt,  Breslau,  1882, 

Page  2eL  Myxomycetes.  See  de  Bary,  Morph.  und  Physiol,  der  Pilze,  Fleehten 
und  Myxomyceten  : — Cooke,  Myxomycetes  of  Great  Britain,  1877. 

It  has  already  been  pointed  out  that  the  nuclei  of  the  myxoamcebs  which  coalesce  to 
form  the  Plasmodium  remain  distinct,  p,  945 ;  hence  the  Plasmodium  can  no  longer  be 
regarded  as  the  equivalent  of  a  zygospore,  and  the  position  of  the  Myxomycetes  among  the 
Zygomycetes  is  untenable. 

Page  264.  Zygomycetes.  Van  Tieghem,  Nouvelles  Recherches  sur  les  Mucori- 
nees,  Ann.  d.  Sei.  Nat.,  ser.  6,  t.  I :— Brefeld,  Ueb.  copulirende  Pilze,  Sitzber,  d.  Ges. 
naturforsch.  Freunde,  Berlin,  1875,  and  Weitere  Unters.  [Mortierella],  ibid.  1876,  In 
MoriUretla  the  zygospore  becomes  enclosed  in  a  capsule  of  pseudoparenchyma  formed  by 
a  felt  of  hyph&     Brefeld  classifies  the  Zygomycetes  as  follows ; — 

I.   Mucorini  (Jncl.  Chtetocladiacea;)  with  simple  zygospores ;  conidia  formed  by  free 

cell-formation  or  by  abstriction. 
a.   MortierellesE ;    zygospore  enclosed  in  a  capsule ;  conidia  formed  by  free  cell- 
formation, 
3,  PiptocephalidesE  ;  zygospore  possessing  a  temporary  growing  point  and  under- 
going division  to  form  three  cells,  one  of  which  is  the  functional  zygospore  ; 
conidia  formed  by  division  with  subsequent  rounding-oif. 

There  is  some  ground  for  believing  that  the  Entomophthorese  belong  to  the  group  of 
Zygomycetes  {see  note  on  p.  377)- 

Page  271.  Siphones.  Since  conjugation  of  zoogonldia  has  been  observed  to  take 
place  in  Botrydiunt  and  in  Acetabularia  these  plants  ought  to  be  included  among  the 
Zygospores  in  accordance  with  the  classification  followed  in  this  work.  See  i^fra,  note 
on  the  Fucoideje. 

Page  275.  Parthenogenesis  of  Saprolegnies.  De  Bary  concludes  from  his  observa- 
tions (Beitr.  t..  Morphol.  u.  Physiol,  d,  Pilze,  IV,  1881)  that,  in  Saprokgma,  Achlya,  and 
Aphanomyces,  even  when  antheridia  are  formed  and  come  into  contact  vuith  oogonia,  no  act 
of  fertilisation  takes  place,  that  is,  no  part  of  the  contents  of  the  antheridium  enters  the 
oogonium ;  hence  the  oospore  is  in  all  cases  parthenogenetically  produced. 

The  following  is  a  brief  resume  of  the  results  of  his  observations  on  the  oosporous 

I.  Pythlum-  most  of  the  protoplasm  of  the  antheridium  passes  into  the  oosphere. 
a.  Phytt^hthora ;  a  small  quantity  of  the  antheridial  protoplasm  enters  the  oosphere. 

3.  Peronospora ;  probably  the  same  process  as  in  the  preceding  genus. 

4.  Saprolegaia,  Aehlya,  Aphanomjces ;  the  antheridial   tube  does  not  open  into  the 

,  oosphere,  and  no  passage  of  substance  can  be  observed. 

5.  Saprolegnia  (S.  toruloia,  a-iteraphora) ;    the  antheridia  are  closely  applied  to  the 

oogonia,  but  no  antheridial  tubes,  or  only  rudimentary  ones,  are  developed. 

6.  No  antheridia  developed. 

Page  278,  line  9  from  bottom ;  for  '  Balbocrmte '  read  '  Bulbocbatc' 

Page  281.    Fucoideie.    This  group,  like  the  Siphonese  (see  ja^ra),  includes  forms 
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in  which  conjugation  and  others  in  which  fertilisation  takes  place.  To  be  consistent  with 
the  classification  followed  in  this  wort,  it  ought  to  be  divided  into  two  sub-groups,  one 
belonging  to  the  Zygosporeie,  the  other  to  the  Oosporete.  Such  a  sabdivbion  of  the  group, 
and  this  holds  equally  with  regard  to  the  Siphonese,  would  be  obviously  unnatural :  the 
most  satisfactory  mode  of  meeting  the  difficulty  would  be  to  combine  the  Zygospores  and 
the  Oosporeas  into  one  group.  The  following  are  the  principal  Orders  of  Fucoidese  or 
Melanophycere  (Falkenberg,  Die  Algen,  Schenk's  Handbuch,  vol,  II)  re- 
order I .  Fucaeeae :  reproduction  by  fertilisation  ;  no  zoogonidia. 
J,       3.  GutleriaceEe ;  sexual  cells  both  motile,  the  female  being  the  larger ;  asexual 

reproduction  by  zoogonidia. 
„       3.  Phseosporea; :  sexual  cells  both  motile  at  first,  but  the  female  cell  comes 
to  rest  before  fertilisation  ;  asexual  reproduction  by  zoogonidia.     (Fer- 
tilisation observed  by  Berthoid  in  Scyloiip/son  kmentarivj  and  Eclocarpvs 
jiliculojas.) 

a.  Sphacelariefe. 

i,  Ectocarpeje  ;  Mesoglceacea; ;  Desmarestieie. 
f.  Phyllitis;  ScytBiiphm;  Colfomenia;  Asperococeus ;  Punclaria. 
d.  LaminarieK. 
„      4.  Tilopterideie. 
„       5(?)  DictyotaceiC. 
It  is  doubtful  if  the  Dicfyotaces  ouglit  to  be  regarded  as  an  Order  of  Fucoideie,  for 
they  differ  from  the  other  members  of  this  group  in  that  they  produce  tetraspores,  and  in  that 
their  antherozoids  are  not  motile  ;  in  these  respects  they  approach  the  FlorideK.  Probably 
the  DictyotaeeiE  constitute  a  group  of  Algae  intermediate  between  the  Fucoidese  and  the 
Florideae. 

In  an   interesting  paper  on   Hydrurus  {Akad.   d.  Wiss.  Krakau,    r88i)    Rostafinski 
groups  together  the  brown  Algie  as  follows  :— 
Ph^oideie, 

1.  Diatomaceas. 

2.  SyngeneticEE  (Cbramophyton,  HyJrarui) ;  no  sexual  reproduction  (agamic). 

3.  Phjeosports; 

(a)  agims, 
(i)   isogamje, 
(c)   oogamy. 

4.  CutlerieEE. 

5.  Fucaceie. 

6.  DictyotcEE, 

Page  330.  Lichens.  Further  evidence  in  support  of  the  composite  nature  of 
Lichens  is  afforded  by  the  discovery  that  the  fungal-element  of  the  Lichen-genus  Cora, 
Fries,  is  a  basidiomycetous  Fungus.  (Contribuzioni  alio  studio  del  genere  Cora,  Fries,  del 
Dottore  Oreste  Mattirolo,  Nuov.  giom,  hot.  ita!.  1881 ;  also  Bot.  Zeitg.  1881,  p.  865.) 

jEcidiomycetes,  On  HemiUia  vaitatrix,  a  fungus  which  most  probably  is  to  be 
referred  to  this  group  and  which  attacks  Coffee  plantations,  see  Marshall  Ward,  Q_.  J.  M.S., 

Page  335,  Ustilaginex.  Woronin,  Beitrag  zur  Kenntniss  der  Ustilagineen  ;  being 
No.  5  of  de  Bary  and  Woronin's  Beitrage  zur  Morph.  und  Physiol,  d.  Pilze,  Frankfurt, 

Page  341.  Relationships  of  the  groups  of  Fungi,  A  short  account  may  be  given 
here  of  de  Bary's  views  respecting  the  affinities  of  the  groups  of  the  higher  Fungi  as 
expressed  in  No.  4  of  his  Beitrage  (1881).  He  considers  that  the  Ascomycetes  are  con- 
nected with  the  PeronosporciE  through  the  Erysipheic:  the  Uredineas  form  one  of  the 
more  highly  developed  groups  of  the  Ascomycetous  series.  Among  Basidiomycetes  the 
TremellineEE  are  closely  connected  with  those  Uredlnei  which  have  no  ^cidlum-form 
(f.  g.  Chryjomyxa  Abitth),  their  basidia  being  regarded  by  de  Bary  as  homologous  with  the 
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teleutospores  of  the  Urediness ;  it  appears  probable  that  all  the  other  Basidiomycetes  have 
sprung  from  the  Tremellinese. 

The  Ustilagineie  form  a  group  of  which  it  is  difficult  to  trace  the  affinities.  De  Bary 
concludes,  from  a  consideration  of  the  simpler  forms,  such  as  Entyloma  a.aA  Protomycej,  that 
they  are  connected  with  the  Chytridiaceie  through  Nowakowski's  Gladochytriea.  (Gohn, 
Beitrage,  II.) 

Page  343.  For  a  full  account  of  the  Muscinere,  see  Goebel  in  Schenlt's  Handbuch, 
vol.11,  1882. 

Page  351.  According  to  Goebel  the  embryo  does  not  in  all  cases  undergo  the 
successive  divisions  which  pi-oduce  the  octants:  in  some  eases  [Sphsraearpus,  Targionla 
Mkhelli)  it  is  spindie-shaped,  and  undergoes  at  iirst  only  transverse  divisions,  four 
octant-cells  being  subsequently  formed  at  the  upper  end  by  longitudinal  divisions. 

The  relative  differentiation  of  the  sporogonium  in  the  Hepatica  is  tabulated  by 
Leitgeb  as  follows : — 

I.  The  sporogonium  consists  of  a  parietal  layer  enclosing  a  mass  of  sporogenous 

cells:  RIccia,  Oxymitra. 
a.  Of  the  internal  cells  some  are  sporogenous,  whereas  others  are  sterile  and  act  as 
deposits  of  nutriment :  Corsinia,  Riella,  Notothylas. 

3.  The  sterile  cells  develope  into  elaters :  most  Hepatic^. 

4.  The  axis  of  the  capsule  is  occupied  by  a  mass  of  sterile  cells,  the  columella,  which 

is  covered  above  by  the  sporogenom  layer:  Antbocerotac  (some  species  of 
Notothylas  ?). 

Page  866,  note  i.  On  the  development  of  the  stomata  of  Marchantia,  see  Ap- 
pendix, p,  948. 

Page  386,  note  i.  From  the  researches  of  Schniitz  (Sitzber.  d.  niederrhein.  Ges. 
zu  Bonn,  1880)  and  of  Zacliarias  (Bot.  Zeitg.  1881,  Ueb.  die  Spermatozoiden)  it  appears 
that  the  old  view  held  by  Hofmeister  and  Schacht  is  the  correct  one,  thai,  namely,  the 
nucleus  of  the  mother-cell  does  not  disappear,  but  becomes  actually  converted  into  the 
antherozoid,  forming  the  greater  portion  of  it,  the  remainder  being  derived  from  the  pro- 
toplasm of  the  mother-cell. 

Line  34  and  S7  from  top:  for  'neck-cell'  read  'canal-cell  of  the  neck.' 

Pi^e  438,    On  the  development  of  the  spores,  see  p.  13. 

Page  444.  Rhizocarpe^.  The  Female  Prothallium,  From  the  researches  of 
Berggren  (Cm  Azollis  prothallium  och  embryo,  Lunds  Univ.  Arsskrift,  t.  XVI ;  also  Bot. 
Zeitg,  tSBi,  and  Nature,  vol.  25.  p.  327),  it  appears  that  the  prothallium  of  Azolla  caroli- 
niana  resembles  that  of  Sal-vinia.  On  germination  the  endospore  of  the  macrospore 
ruptures  along  its  three  edges,  and  the  prothallium  projects  as  a  convex  disc  which  is  only 
one  cell  thick  at  its  margin.  Shortly  after  this  a  single  archegonium  is  developed  near  the 
centre,  consisting  of  four  cells  forming  the  ventral  and  of  four  forming  the  neck  portion. 
When  mature  the  prothallium  is  nearly  hemispherical,  and  its  cells  contain  chlorophyll. 
No  mention  is  made  of  any  canal-cell  in  the  archegonium. 

After  fertilisation  the  oospore  is  divided  by  a  transverse  (basal)  wall,  and  tlien  by  a 
median  and  a  transverse  wall,  so  that  it  consists  of  octants.  Each  octant  is  then  divided  by 
a  wall  parallel  to  the  first  (basal)  and  thus  the  embryo  comes  to  consist  of  sixteen  cells. 
The  four  uppermost  cells  (nearest  to  the  neck  of  the  archegonium)  give  rise  to  the  foot ;  of 
the  four  lowermost  cells,  one  becomes  the  apical  cell  of  the  stem,  the  second  developes 
into  a  leaf-like  organ,  the  third  and  fourth  produce  the  scutiform  leaf.  It  appears  that 
these  two  organs  can  scarcely  be  regarded  as  true  leaves;  they  seem  to  have  the  same 
morphological  value  as  the  stem. 

Ff^e  461-485.  The  alternate  pages  should  be  headed  '  Dichotome:e '  instead  of 
'  FiJicineEe,' 

Page  464.  Apical  growth  of  PiUotum.  It  is  only  the  subterranean  shoots  of 
J'silolum  which  have  a  single  apical  cell;  the  subaerial  shoots  have  a  group  of  dividing  cells 
at  their  apices  (Strasburger,  Bot,  Zeitg.  1B73). 
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Paga  478.  An  interesting  abnormality  has  been  observed  hy  Goebel  (Bot.  Zeitg. 
1B79)  in  Isoetes  lacuitris  and  echinoipora.  In  a  number  of  specimens  no  sporangia  had  been 
developed  on  the  leaves,  but  in  the  place  of  eath  sporangium  a  young  plant  had  been 
produced  by  budding. 

Page  481,  seventh  line  from  top.     For '  delevopment '  read  '  development.' 

Page  495,  line  18;  for  'Cocui'  read  ' Cocoj.' 

Page  504.  Cycadese,  On  the  development  of  the  pollen  sacs  and  pollen  of  Zamia 
murkata,  see  Treub,  Ann.  d.  Sci.  Nat.,  sSr.  6,  t.  XV,  188;. 

Page  506.  Treub  {loc.  cil.)  makes  the  following  statements  with  regard  to  the 
development  of  the  ovule  of  Ceratozamia  langifalia. 

Each  scale  of  the  female  cone  bears  two  sporangiferous  lobes,  in  each  of  which  a 
macrosporangium  is  developed. 

The  macrosporangium  is  visible  in  the  lobe  before  any  external  differentiation  can 
be  detected. 

The  macrosporangium  subsequently  consists  of  a  group  of  sporogenous  cells  (arche- 
sporium  ?),  surrounded  by  an  external  parietal   layer  and   by  an  internal  parietal  layer 
■  f  g    f  1  f      II 
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tiona  which  have  no  equivalents  in  Cryptogams. 

Page  519,  line  6  from  top.     For  '  are '  read  '  is.' 

On  the  Morphology  of  the  female  flower  in  the  Coniferae,  see  Eichler,  Ueb.  die 
weiblichen  BlUthen  dcr  Coniferen,  in  Monatsher.  d.  t,  Akad.  d.  Wiss.,  Berlin,  1881.  As 
the  result  of  comparative  investigation  of  the  female  flowers  in  the  various  families  of 
ConifersE,  he  concludes  that  in  the  AraucarieK,  Abietine^,  and  TaxodinCEE  each,  cone  is  a 
single  flower,  and  that  the  scales  of  the  cone  are  simple  leaves  (carpels)  bearing  ventral 
outgrowths  (seminiferous  scales)  on  which  the  ovules  are  borne;  in  the  Cupressinefe  the 
ovules  are  borne  in  the  axils  of  the  carpellary  leaves ;  in  the  TaxineiE  (inci,  Podocarpese) 
the  ovules  are  borne  on  the  carpellary  leaves  {Micracacbyi,  Dacrydiwn,  Fodocarpiu),  in 
PbyUoclodui  they  are  axillary,  in  Taxiu  and  Torreya  they  are  terminal  on  lateral  shoots,  no 
carpels  being  present.  In  these  two  genera  each  ovule  represents  a  single  female  flower, 
whereas  in  all  the  other  genera  and  families  the  female  flower  consists  of  an  aggregate  of 
carpels  hearing  ovules  either  directly  or  in  their  axils.  Eichler  considers  that  Taxus  and 
Torreya  lead  from  the  Gonifene  to  the  GnetaceK. 

Eichler  finds  that  it  is  no  longer  possible  to  hold  Celakovsky's  view  that  the  ovule  is 
either  a  modified  leaf  or  a  bud.  (See  note,  p.  574,  on  the  morphological  significance  of  the 
placenta  and  of  the  ovule.) 

Page  526,  top  line;  for  '/an^wraj'read  "Thuja.' 

Page  530.  Gnetacere.  On  the  Embryology  of  the  GnetaceK,  see  the  paper  by 
Bower,  Q^J.  M.  S.,  18S2,  of  which  the  following  is  a  brief  abstract: — 

It  appears  to  be  the  rule  in  Gnetum  Gnemon  {though  not  in  all  species  of  the  genus) 
that  the  embryo  is  not  developed  until  the  seed  begins  to  germinate :  long  tubular 
suspensors  are  however  found  in  the  endosperm  of  the  ripe  seed.  On  germination,  em- 
bryos are  formed  at  the  apices  of  these  suspensors,  the  mode  of  their  development  being 
similar  to  that  which  obtains  in  other  Gymnosperms.  It  has  been  observed  that  the 
suspensors  branch  and  that  an  embryo  is  developed  at  the  extremity  of  each  branch, 
a  curious  form  of  polyembryony  :  only  one  of  the  numerous  embryos  persists. 
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After  the  two  cotyledons  of  the  developing  embryo  have  made  their  appearance,  an 
OTitgrowth,  similar  to  that  in  WelijjHscbia,  is  produced  at  the  base  of  the  hypocotyledonary 
stem ;  but  in  Gmtam  its  position  relatively  to  the  planes  of  the  cotyledons  is  not  fixed,  as 
in  fFtlivitschuifthe  point  at  which  it  is  formed  being  determined  by  the  action  of  gravity, 
so  that  it  always  developes  on  the  under  side  of  the  hypoeotyledonary  stem.  Further,  the 
organ  is  larger  in  Gnttum,  and  the  pith  and  vascular  tissue  take  part  in  its  formation, 
whereas  in  Weliuitichia  it  is  derived  only  from  the  cortex  and  epidermis  of  the  hypoeoty- 
ledonary stem. 

In  the  three  genera  of  Gnetacere  this  organ  is  developed  for  the  transfer  of  nutritive 
material  from  the  seed  to  the  seedling,  the  size  of  the  organ  being  proportional  to  that  of 
the  seed  and  to  the  quantity  of  reserve  material. 

Page  684,  line  2  from  bottom  (note).     For  '  Eilcher '  read  '  Eichler.' 

Page  674.  T!ie  morphological  significance  of  the  ovule.  See  above,  note  on  the 
female  flowers  of  Coniferse. 

Page  576.  On  the  development  of  the  ovule  of  the  Loranthacex,  see  Treub, 
Observations  sur  les  Loranthacees,  Ann,  d.  Jardin  botanique  de  Buitenzorg,  vols,  a  and  3, 
Ley  den,  iS^. 

In  Loranihui  sph/crocarpus  there  is,  according  to  Treub,  a  central  placenta  which 
bears  three  or  four  free  lateral  segments ;  these  Treub  regards  as  rudimentary  ovules.  In 
each  of  these  several  embryo-sac-mother-cells  (archesporial  cells)  are  formed,  but  only 
one  embryo-sac  becomes  fully  develoi>ed  :  it  is  developed  from  the  uppermost  cell  of  the 
row  formed  by  the  division  of  the  mother-cell. 

In  the  Fiicum  album  and  arliculatum  there  is  no  placenta  and  no  ovule,  but  the 
embryo-sacs  are  developed  in  the  tissue  of  the  carpels ;  in  V.  album  there  is  a  relation 
between  the  number  and  position  of  the  embryo-sacs  and  the  carpels,  but  in  F.  articalaiwn 
this  is  not  the  case.  In  spite  of  the  degradation  of  these  plants,  the  mother-cells  of  the 
embryo-sacs  are  nevertheless  of  hypodermal  origin  as  in  the  other  Angiosperms. 

Page  578,  line  8  from  top.     For  ' maculatam'  read  ' maculatum.' 

In  addition  to  the  instances  here  given  of  deviation  from  what  may  be  regarded  as 
the  typical  mode  of  development  of  the  embryo-sac,  it  may  be  added  that  in  some  cases  it 
is  the  uppermost  of  the  cells  of  the  row  formed  by  the  division  of  the  archesporial  cell 
which  developes  into  the  embryo-sae,  e.  g.  horantbus  spbmrocarpus  (Treub),  Pyretbrunt 
bahaminatam  {Marshall  Ward),  Agraphts  pataJa  (Treub  and  Mellink).  For  the  most 
recent  researches  on  the  embryo-sac  of  Angiosperms,  see  Guignard,  Ann,  d.  Sci.  Nat., 
E^r.  6,  t.  XIII,  1883. 

Page  580.  The  Synergid:e.  Strasburger  (Bau  und  Wachsthum  der  Zellhaute, 
1882)  considers  that  the  longitudinal  striation  (Filiform  Apparatus  of  Schacht)  mentioned 
in  the  text  is  due  to  the  -presence  of  delicate  canals  which  are  filled  with  protoplasm;  the 
body  of  the  Filiform  Apparatus  is  probably  not  protoplasmic. 

Page  688.  Development  of  the  Embryo,  See  also  Rech,  embryol.  sur  I'Orchii 
maculata,  Monteverde  in  Melanges  Biologlques  de  I'Acad,  Imp.  de  St.  Peterstiourg,  1S80 ; 
Guignard,  Rech,  d'erabryog^nle  v^g^tale  compar^e,  Ann.  d.  Sci.  Nat.,  s^r.  6,  lXII  ;  and 
Treub,  Notes  sur  I'Embryon,  le  Sac  enibryonnaire,  et  I'Ovule,  in  Ann.  d.  Jardin  bot.  de 
Buitenzorg,  III,  18S3. 

Treub's  researches  refer  to  Prriilyltii  grandii  and  to  Aiiicenraa  officinalis.  With 
regard  to  the  former  he  finds  that  the  embryo  remains  at  first  rudimentary,  whereas  the 
suspensor  grows  rapidly  and  until  it  projects  through  the  micropyle ;  it  then  branches, 
and  the  branches  become  closely  applied  to  the  placenta.  At  this  time  the  embryo  begins 
to  develope,  and  there  is  no  doubt  that  it  does  so  in  consequence  of  the  supply  of  nutritive 
material  which  is  absorbed  from  the  placenta  and  transmitted  by  the  suspensor.  These 
observations  confirm  Treub's  previous  conclusions  as  to  the  function  of  the  suspensor  in 
Orchids. 

With  regard  to  Avicennla,  Treub's  observations  complete  our  knowledge  of  this 
curious  '  viviparous '  plant  long   ago  described   by  Griffith  (On  the  development  of  the 
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ovulum  in  A-uicemia,  Trans.  Linn,  Soc,  XX,  1846).  In  the  first  place  Treub  points  out 
that  the  ovule  is  not  naked,  as  Griffith  states,  but  that  it  has  an  integument  developed  from 
the  dermatogen  in  the  same  way  as  that  described  for  Thesium  ebr-actfatum  by  Warming 
(Ann.  Sci.  Nat.,  ser.  6,  t.  V,  1878).  One  of  the  hypodermal  cells  enlarges  and  becomes 
the  archesporial  cell ;  this  is  divided  transversely  Into  two,  the  lower  becoming  the  em- 
bryo-sac, the  upper  dividing  transversely  into  two  superposed  tapetal  cells.  These  tapetal 
cells  are  peculiar  in  that  they  persist  for  a  considerable  time,  whereas  in  most  plants  they 
are  absorbed  before  fertilisation.  The  embryo-sac  enlarges,  pushes  aside  Che  tapetal  cells, 
and  absorbs  the  epidermis  at  the  mieropylar  end  of  the  ovule.  After  fertilisation  the 
embryo  is  soon  to  be  seen  surrounded  by  endosperm  cells,  and  at  one  side  of  this  group  of 
cells  there  is  a  large  cell,  termed  by  Treub  the  '  cotyloid '  cell,  which  elongates  towards 
the  apex  of  the  embryo-sac.  The  endosperm  now  grows  and  projects  through  the  micro- 
pyle,  until  finally  it  is  quite  external  to  the  ovule.  It  still  encloses  the  embryo,  but  as  the 
embryo  grows  it  ruptures  the  endosperm  and  the  cotyledons  project,  the  radicular  end 
remaining  inserted  in  the  endosperm.  During  this  time  the  cotyloid  cell  has  enlarged, 
branching  posteriorly  in  the  ovule  and  penetrating  anteriorly  into  the  placenta.  It  acts  as 
an  absorptive  organ,  taking  up  nutritive  substances  from  the  ovule  and  the  placenta,  and 
transmitting  them  to  the  endosperm  and  thus  also  to  the  embryo.  The  radicular  end  of 
the  embryo  is  peculiar  in  that  it  is  destitute  of  a  roof-cap  |  bu(  previously  to  the  dehiscence 
of  the  fruit  adventitious  roots,  generally  four  in  number,  provided  with  root-caps,  spring 
from  it  close  to  its  attachment  to  the  snspensor. 

Page  603.  On  the  flowers  of  Orchids,  see  Gerard,  Sur  I'Homologie  et  le  Diagramme 
des  Orchidees,  Ann,  d.  Sci,  Nat.,  s^r.  6,  t.  VII. 

Page  611.  On  the  symmetry  of  the  flower,  see  also  Eichler,  Ueb.  einige  zygo- 
morphe  Bliifhen,  In  Sitzber,  d.  Ges.  naturf.  Freundc,  Berlin,  1880. 

Page  629.  On  abnormal  fibro-vascular  bundles  in  Monocotyledons,  see  Kny,  Ueb. 
einige  Abweichungen  im  Bau  des  Leitbiindels  der  Monokotyledonen,  Sitz.  d.  Bot.  Ver.  d. 
Prov.  Brandenburg,  1S81. 

Page  650,  lines  5  and  9  from  bottom ;  for '  secondary  cortex '  read  '  secondary  phloem.' 

Page  653.  On  abnormal  modes  of  thickening  of  the  stem  in  Dicotyledons,  see 
Appendix,  p.  950. 


BOOK  III. 

Page  663.  The  Condition  of  Aggregation  of  organised  structures.  In  his  wort  on 
the  structure  and  growth  of  the  cell-wall  (Ueb.  Bau  und  Wachsthum  der  Zellhaute,  1882), 
Strasburger  dissents  entirely  from  Nageli's  theory  of  the  structure  of  organised  bodies 
which  is  given  in  the  text.    A  short  account  of  his  views  may  be  given  here. 

Strasburger  comes  to  the  conclusion  that  the  forces  which  hold  together  the  solid 
particles  of  organised  bodies  are  of  a  chemical,  as  opposed  to  a  physical,  nature.  The 
chemical  molecules  are  not  grouped  together  into  micella:  by  cohesion,  and  the  micellse 
are  not  connected  into  organised  substance  by  attraction,  as  Nageli  would  have  it,  but  the 
molecules  are  Lnied  together  by  chemical  affinity,  probably  by  means  of  multivalent  atoms, 
into  networks.  Further,  the  water  present  is  retained,  according  to  Strasburger,  in  the 
intermolecular  meshes  by  capillarity.  The  phenomenon  of '  swelllng-up '  is  therefore  one 
of  intermolecular  capillarity,  and  depends  upon  the  mobility  of  the  molecules  about  their 
position  of  equilibrium. 

Nageli's  micellar  theory  received  considerable  support  from  his  observations  upon 
the  appiearances  presented  by  organised  bodies  (starch-grains,  cell-walls)  when  examined  in 
polarised  light.  He  found  that  they  were  doubly  refractive,  and  further  that  their  double 
refraction  was  not  affected  by  tension,  strain,  etc.    It  was  from  these  facts  that  he  inferred 
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(he  crystalliDe  form  of  the  micella.  Strasburger  argues  that  cell-walls  and  starch-grains 
consist  of  numeroQs  lamella  which  are  in  different  states  of  tension  and  are  at  the  same 
time  very  firmly  adherent ;  it  is  to  these  tensions  that  the  optical  phenomena  in  question 
are  due,  and  it  is  not  probahle  that  any  mechanical  force  applied  could  so  far  modify 
these  tensions  as  to  produce  an  alteration  in  the  optical  phenomena. 

Strasburger's  views  may  be  summarised  as  follows: — 

r.  Organised  bodies  consist  of  molecules  of  solid  substance  united  by  chemical 
affinity;  the  water  which  they  contain  is  retained  by  intermolecular  capillarity. 

t.  The  doubly  refractive  properties  of  starch-grains  and  celi-walls  depend  upon 
tensions. 

J.  The  directions  of  swelling-up  are  determined  by  a  certain  anatomical  structure. 

4.  The  increase  in  surface  of  organised  bodies  depends  upon  stretching  and  swelling- 
up  (see  also  p.  946). 

5.  Increase  in  thickness  or  in  b  II:  d  p     d      p        pp     t  on. 

Page  671.     On  the  growth  of     t  h      1       II  T      b  ,  Experiraente  zur  physikal- 

ischen  Erklarung  der  Bildung  der  Z  Uh  t  h  W  h  th  durch  Intussusception,  und 
des  Aufwartswachsens  der  Pflanze  B  t  Z  tg  875  p  56;  also  Reinke,  ibid.,  p.  425, 
Bemerkungen  iiber  das  Wachsthun  g         h       Z  II  further,  Sachs  and  Traube, 

Bot.  Zeitg.  1878. 

Page  678.     On  Transpiratio  1      W  U   t    such.  ueb.  den  Einfluss  des 

Lichtes  und  der  strahlenden  Warm         f  d     Tra      p  der  Pflanze,   Sitzber.  d.  k. 

Akad.  d.  Wiss.,  Bd.  LXXIV,  Wien     3  6(1     A       db      N-tt.,  s^r.  6,  t.  iV,  1876). 

In  note  4,  for  '1836'  read  '1856 

Pa«e  688.     On  the  absorpt  f       t      by    1 

matiSres  salines  sur  ['absorption  de  1  P      1 

1 880. 

Page  701.    Absorption  of  sub  t  by       t       b      Phillips,  On  the  Absorption  of 

metallic  oxides  by  plants,  American  J  1    fS  88 

Page  703.  On  the  chemist  y  f  A  1  tl  se  R  nke,  Theoretisches  zur  As- 
similation'sproblem,  Bot.  Zeitg,  i88a      Iso  St     b    g      8  d  Wachsthum  der  Zellhaute, 

p.  337. 

Page  707.  It  has  been  recently  ascertained  that  glycogen  occurs  as  a  reserve- 
material  in  many  plants ;  see  Errera,  L'Epiplasme  des  Ascomycetes  et  le  Glycogene  des 
Vgggtaux,  Brussels,  1883. 

Page  713.  From  observations  made  on  Euphorbia  Irigona,  Treub  comes  to  the 
conclusion  that  the  laticiferous  cells  serve  as  channels  for  the  transmission  of  amylaceous 
substances,  and  that  the  starch-grains  which  they  contain  are  transitory  (Ann.  du  Jardin 
bot.  de  Buitenzorg,  III,  1883). 

Page  734,  paragraph  j.  See  also  Holzner,  Beob.  ueb,  die  Schiitte  der  Kiefer  oder 
Fflhre  und  die  Winterfarbung  immergriiner  Gewachse,  Freising,  1877. 

Page  737.  On  the  action  of  light,  see  also  Pauchon,  Rech.  sur  le  r61e  de  la  lumiere 
dans  la  germination,  Ann.  d.  Sci.  Nat,,  ser.  6,  t.  X,  1881. 

Siemens,  On  the  influence  of  Electric  Light  upon  Vegetation,  Proc.  Roy.  Soc, 
1880  ;  also,  On  some  Applications  of  Electric  Energy  to  Horticulture  and  Agriculture, 
London,  1881. 

Page  739  (2).  See  also  Famintzin,  De  I'influence  de  I'iutensitg  de  la  lumiere  sur 
la  decomposition  de  I'acide  earbonique  par  les  plantes,  Ann.  d.  Sci.  Nat.,  s^r.  6,  t.  X,  1880. 

Page  744  (4).  Famintzin,  La  decomposition  de  I'acide  earbonique  par  les  plantes 
expos^es  ^  la  lumiere  artificielle,  Ann.  d.  Sci.  Nat.,  ser.  6,  t.  X  ;  Dehirain  et  Maquenne, 
Sur  la  decomposition  de  I'acide  earbonique  par  les  feuilles  ^clairees  par  des  lumiSres  artiff- 
cielles,  Ann.  d.  Sci.  Nat.,  sfr.  6,  t.  IX  (1880). 

Page  761.     On  the  function  of  chlorophyll,  see  further.  Bonnier,  Du  rSle  physiol- 
oglque  de  la  chlorophylle,  Ann.  d.  Sci.  Nat.,  ser.  6,  t.  X,  1881  ;  and  Hansen,  Geschichte  der 
Assimilation  und  Ghiorophyllfunctlon,  Arb.  d.  bot.  Inst.  In  Wiirzburg,  11,  1882. 
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Page  768.  On  the  action  of  electrical  currents  on  growing  roots,  see  Elfving,  Ueb. 
eine  Wirkimg  des  galvanischen  Stromas  auf  wachsende  Wurzeln,  Bot.  Zeitg.,  1882. 

He  finds  that  when  a  root  is  placed  vertically  between  two  electrodes,  tt  curves 
towards  the  positive  electrode;  the  curvature  is  evidently  connected  with  Che  growth  of 
the  root,  the  current  effecting  a  retardation.  Continued  exposure  to  the  action  of  the 
current  causes  death. 

When  the  current  is  parallel  to  the  long  axis  of  the  root  it  appears  to  retard  growth 
when  it  runs  in  opposition  to  the  direction  of  growth. 

Experiments  with  negatively  heliotropic  roots  (BrasiUa  ohracea,  Lefidium  sat'evum, 
Sinapii  alba),  the  direction  of  the  current  being  transverse,  showed  that  they  curved 
towards  the  negative  electrode. 

Page  799,  For  further  researches  on  Oionifa,  see  Burdon- Sanderson,  On  the  Elec- 
tromotive Properties  of  the  leaf  of  DisnKu,  Phil.  Trans.  1882. 

Page  787.  Turgidity  does  not  necessarily  cause  an  elongation  of  cells ;  it  may  also 
cause  them  to  become  shorter  and  thicker.  See  de  Vries,  Ueb.  Verkiirzung  pfianzlicher 
Zellen  durch  Auftiahme  von  Wasser,  Bot,  Zeitg.,  1879. 

Page  813.  Light  has  some  influence  on  the  development  of  root-hairs  on  the 
gemmae  of  Marchantia ;  see  Zimmermann,  Ueb.  die  Einwirkung  des  Lichtes  auf  den 
Marchantienthallus,  Arb.  d.  bot,  Inst,  in  Wiirzburg,  11,  1882. 

Page  815.  On  the  growth  in  length  of  stems,  see  further,  Wiesner,  Die  undulirende 
Nutation  der  Internodien,  Sitzber,  d,  k.  k.  Akad.  d.  Wiss.  in  Wjen,  LXXVil,  1878. 

Page  839.  Geotropism.  See  F.  Darwin,  On  the  Connexion  between  Geotropism 
and  Growth,  Journ,  Linn.  Soc,  vol.  XIK,  1882. 

Page  854,  note  2.  Further,  F.  Darwin,  On  the  power  possessed  by  leaves  of 
placing  tliemselves  at  right  angles  to  the  direction  of  incident  lightj  Journ.  Linn.  Soc, 
XVIIL  1881. 

Page  863.  On  Climbing  Plants,  see  Schwendcner,  Ueb.  das  Winden  der  Schling- 
pflanzen,  Monatsber.  d.  Berl.  Akad.,  1881 ;  Sachs,  Notiz  uber  Sehlingpflanzen,  Arb.  d.  bot. 
Inst,  in  Wiirzburg,  II,  1882. 

Page  865.     See  de  Vries,  Over  de  Bewegingen  der  Ranken  van  Skyos,  Amsterdam, 

Treub  has  recently  drawn  attention  to  a  new  group  of  climbing  plants,  those  namely 
which  climb  by  means  of  irritable  hooks,  the  effect  of  irritation  being  an  increase  in  the 
thickness  of  the  hook.  Such  are  Uncaria  (Rubiace^),  Audit rocladm  (Dipterocarpe^), 
Artabotrjs  (Anonaces),  Luvunga  (Aurantiaees),  Olax  (Olacines),  Hugonia  (Linacea:), 
Strychmi  (LoganiaeeEe).  This  group  is  not  to  be  confounded  with  Darwin's  'hook- 
climbers,'  the  hooks  of  which  are  not  irritable.  (Treub,  Sur  une  nouvelle  catSgorie  de 
plantes  grimpantes,  Ann.  du  Jardin  botanique  de  Buitenzorg,  III,  1882.} 

Page  871,  Sect,  26.    Vochting,  Die  Bewegungen  der  Bluthen  und  Friichte,  Bonn, 

Page  920,  Sect.  35.  For  some  interesting  observations  as  to  the  relation  between 
plants  and  external  conditions,  made  on  the  Flora  of  Scandinavia,  see  Bonnier  et  Flahault, 
Observations  sm-  ies  Modifications  des  Vgg^tauK  suivant  les  conditions  physiques  du  milieu, 
Ann.  Sci,  Nat.  ser.  6,  t.  VIl,  1879,  and  Flahault,  ibid.  t.  IX,  1880. 
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Abies,    pp.   514,    518,    939 

(Figs.  J50,  353}. 
Abietinese,  518,  527,  958. 
Abortion,  219,  602. 
Absorption,  700,  961. 
Absorption     of    assimilated 

substances,  710. 
Acaciex,  557. 
Acalyphere,  661. 
Acanthacex,  65,  68,  65S. 
Acanthus,  648. 
Acarospora,  325. 
Accumulation  of  characters, 

924. 
Acer,5j5,6i5,6i7,65i,940. 
Acerine^i  610. 
Acetabularia,  63,  272,  955. 
Achenium,  615. 
Achillsea,  932. 

Achlya,   12,    273,    903,   955 
.     (Figs.  8,  9,  178,  179). 
Achromatin,  18,  946. 
Aconitum,  495, 5  38, 607, 608. 
Acorn,  614. 
Acorus,  Its  (Fig.  9^)- 
Acrocarpous  Mosses,  370, 
Acropetal  order  of  develop- 

Acrosticheie,  441. 
Acrostichum,  435,  436,  441. 
Actinomorphic,  954. 
Actinostrobese,  527. 
Acyclic,  600,  641. 
Adaptation,  934. 
Adhesion,  219,  546. 
Adiantuin,i82, 424, 425,427, 

442,  915  (Figs.  293,  295- 

297). 
Adventitious  formations,  171, 

'73,  4J3,  639,  95J- 
ifficidiomycetes,     244,    330, 

95fi. 
.Scidium,  330, 
-SscuIinesE,  660. 
.^scuius,  644  (Fig.  455). 
.Xthalium,  262,  841. 
Agapanthus,  32. 
Agaricus,  336  (Figs.325,  226, 

227). 


Agave,  35fi>59«,  621. 
Aggregate,  653. 
Agrimonia,  578. 
Agroitemma,  579. 
Ailanthus,  652  (Fig.  97). 
Akebia,534  (Fig.  357). 
Albumen,  492. 
Albuminoids,  706, 
Albuminous,  587, 
Alcheniilla,  568,  677. 
Aldrovanda,  649. 
Alepyrum,  542. 
Aietris,  127. 
Aleurone,  51,  947. 
AlgsE,  231,  241. 
Alisma,  589, 626,  952. 
AlismaceK,    636,    631    (Fig, 

430- 
Alliaria,  574. 
Allionia,  581. 
Allium,  17,88,581,623,624, 

629,  939  (Figs.  15,73,  424, 

425). 
Almond,  637. 
Alnus,  555,  652. 
Aloe,  i27,i93i  *29  (Fig.  152). 
Aloine;E,  136,  496, 
Alopecurus,  596. 
Aipinia,  625  (Fig.  429). 
Alsinex,66i. 
Alternate  arrangement,  189, 

601. 
Alternation  of  generations, 

222,   225,   233,   339,    342, 

385,  486,  488,   B99,   903, 

954- 
Althsa,  546,  552,  553  (Figs. 

42,     83,     360,     377,     378, 

J8i). 
Aluminium,  695. 
Alyssum,  544. 

Amaranth  aceae,  137,645,661. 
Amaranthus,  653^  950, 
Amentifersc,  656. 
Amidoplasts,  948. 
Ammonia,  698. 
Amteboid-movement  of  pro- 
toplasm, 39,  263. 
Amorpha,  599. 
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Amorphophallus,    i8j,    624 

(Fig.  ,4,). 
Ampelidese,  644,  66a,  866. 
Ampelopsis,  217,  B63,  866, 
Aiuphigastria,  356. 
Amphithecium,  375. 
Amygdald,  651,  66a. 
Amyrideje,  660. 
AnacardiaceK,  644,660  (Fig, 

452). 
Anagallis,565,6i6(Fig,392). 
Ananasinex,  631. 
Anaptjchia,  323,   335  (Figs, 

218,  219). 
Anatropous,  492,  570. 
Anchusa,  598. 
Aneistrocladus,  962. 
Andreaea,  373,  374(Fig.355). 
Andreacacea;,  361,  380, 
Andrcecium,  490,  541. 
Androgen idium,  279, 
Aneimia,  105,  421,  423,  440 

(Fig.  106). 
Anemone,  640. 
Anemophilous,  494,  908. 
Aneura,  346,  356,  358,  951. 
Angiocarpous,  306. 
Angiocarpous  Lichens,  323, 
Angiopteris,  93,   416   (Figs, 

291,292). 
Angiosperms,  497,  534. 
Angle  of  divergence,ia8, 201. 
Anisocarp^,  655, 658. 
Anisostemonous,  64:. 
Annual  ring,  132, 652,  813, 
Annular  vessels,  22,  33. 
Annulus,  338,  381,  435, 
Anona,  557, 
Anonacese,  657,  962. 
Anterior,  600. 
Anthela,  596. 
Anthemis,  599, 
Anther,  491,  541  (Figs.  360, 

382). 
Antherieum,  577. 
Antheridiuni,  234,  268,  29a, 

299,   343,   349>   387,   394, 
■     411,   42J,   44*,  4*9,   487, 

515,  B99  (Figs.  177,   179, 
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i3l,  i3j,  185,  187,  189, 
190,  19S,  200,  aoi,  235, 
2J7,  239.  24'i  25;,  254, 
262,  275,  287,  «9J.  294. 
309.  329,  330- 

Antherozoid,  ^24,  234,  j68, 
371,  278,  279,  282,  287, 
290,  298,  371,  386,  394, 
424.  443.  4415.  469.  524. 
897  (Figs.  2,177,183,185, 
187,  188,  (98,  241,  254, 
z6j,  275,  29J,  309,  310, 
3'4.  329)- 

Anthoceros,  346,  352  (Figs. 
237,  238). 

AnthoeerotcEe,  352. 

Anthopbore,  539  (Fig.  361). 

Anthurium,  586,  953. 

Antipetalous,  6oi. 

Antipodal  cells,  486,  580. 

Antirrhinum,  616, 

Antisepalous,  601. 

Apetaloiis,  641, 

Apes,  158,  175.  202- 

Aphanoeyclse,  655,  657. 

Aphanomyces,  273,955. 

Apheliotropic,  756. 
.Apical  cell,  137,    173,  289, 

393.  347,  397.  401,  4'J> 
429,  449,  450,  463,  464, 
476  (Figs.  108-112,  115, 
116,   120,   121,   138,    142, 

.      192,   244,   279.   2E3,   284, 

315a,  336). 
Apicai  growth,  158. 
Apoeynaceat,  86,  658,  949. 
Apogamy,  425, 
Apopetalous,  539. 
Apophyllous,  539. 
Apophysis,  385  (Fig.  273). 
Aposepalous,  539. 
Apostasiacei,  633. 
Apostrophe,  750. 
Apothecium,  308,  32J  (Figs. 

7,  205,  218,  219). 
Apple,  614,  662. 
Aqueous  Tissue,  98,  123. 
Aquifoliacese,  660. 
Aquiiegia,   570.    643    (Figs. 

39^5.450- 
Aralia,  654. 
Araliacefe,  661, 
Araucaria,507, 509, 5ro,,5i3, 

518,5*7- 
AraucariesE,  507,  527,  938, '. 
Arbutus,  543  (Fig.  527). 
Arc- indicator,  826  (Fig.480). 
.  Arceuthos,  517. 
Archegonium,  343,  349,  353, 

355,   357,   359,   373,   386, 

394,  411,  423,  425.  445. 
446,  462,  47r,  487,  498, 
506,  521,  529,  582,  899 
(Figs.  2J7,  240,  243,  2511, 


INDEX. 

263,  276,   287,   294,   29s, 
3",  330.  331,  354,  355)- 

Archesporium,  375, 388, 437, 
491,  577  (Figs.  305,  337). 
Archetype,  941. 
Archidium,  374,  380  (Figs. 

264,  265). 
Archieracium,  926. 
Arcyria,  262. 
Areca-Palm,  587. 

Aril,  495.513,570,  6i8(Fig. 

348)- 
Aristolochia,  862,  910,  940 

(Figs.  488,  489). 
Aristolochiacere,  656. 
AroidesE,  65,84,93,  120,540, 

631,952. 
Artabotrys,  962. 
Arthrotaxis,  518,537. 
Artocarpeie,  656. 
Arum,  585,585,  933- 
Asarineae,  656. 
Asarum,  555  {Fig.  358). 
Ascent  of  water,  685. 
Asclepiade^,   85,  658,  906, 

911,  949. 
Ascobolus,    238,   309    (Fig. 

204). 
Ascogenous  hyphse,  308,  jio, 

3(5,  324  (Fig.  204}. 
Ascogonium,   309,   329,  898 

(Figs.  204,  206,  207,  208). 
Aseomycetes,  244,  308,  899. 
Ascospore,  238,  308   (Figs. 

7,  205, 207,208,  209,  219). 
Ascus,    226,   238,   508,  310 

(Figs.7,  205,207,208,  209, 

2>9). 

Asexual  generation,  225,227, 

339.343,351,387,395,412, 

416,425,447,462,472,488, 

899. 
Asexual  propagation,  348. 
Asexual  reproduction,  223. 
Ashes,  36,  695. 
Asparagin,  718. 
Aspergillus,  312  (Fig.  208). 
Asperifoliese,  599. 
Asphodeliis,.552. 
Aspicilia,  323.:    , 
AspidkiE,  442. 
Aspidium,  426,4'27i429,  432, 
,      433,435.4361437,438,439, 

442,  915   (Figs.  302,  303, 

304,  306). 
Aspleniese,  422. 
.  Asp.lenium,i44, 172,437,442, 

915.  953  (Figs.  112,  127, 

305). 
Assimilation,  703,  729,  737, 

961. 
Asterophyllites,  408. 
Astragalus,  561,  615. 
Astrapfea,  555. 


Astrocarpus,  609. 

Atelanthera,  605. 

Atherurus,  622, 

Atom,  664. 

Atrichum,  367,  368. 

Atriplex,  653. 

Aurantiacese,  646,  660, 962. 

Automatic  periodic  move- 
ments, SSo,  895, 

Autumnal  wood,  813. 

Auxanometer,  827{Fig.48i). 

Auxospore,  261. 

Avicennia,  652,  939. 

Avicennieje,  950, 

Axial  cylinder,  115, 127, 133, 
468. 

Axial  longitudinal  section, 
205. 

Axial  placentation,  563,  564, 

Axil,  175, 489. 

Axillary  placentation,  574. 

Axillary  shoots,  175,  489. 

Axis   of  growth,   159,    303, 


Bacillarieje,  260. 
Bacillus,  246,  249,  954. 
Bacteria,  249, 954  {Fig.  166), 
Bactrospora,  325. 
Bxomyces,  324. 
Balanophora,  634. 
BalanophorsK,  241, 576, 64B, 

649,  662. 
Balsamine^c,  660. 
Bambusa,  603  (Fig.  409). 
BangiacesE,  289. 
Barhula,  364,  368,  385  (Fig. 

250). 
Bark,  106,  108. 
Bartramia,  362,  365. 
Basal  growth,  159. 
Basal  wall,  351. 

Basidiomycetes,     240,     244, 

305,  335,  956. 
Basidiospore,   15,    336   (Fig. 

227). 
BasJdium,  15,  330,  333,  336, 

338  (Fig.  227). 
Bassorin,  705. 
Bast,  III. 

Batrachospermum,  289. 
Bauhinia,  653,  950. 
Beech,  587. 
Beggiatoa,  249, 
Begonia,  204,  209,  639,  907, 

925,  954. 
Begonlaceie,  137,  662. 
Benthamia,  614. 
BerberideK,  646,  657. 
Berberis,  332,  595,  647,  880, 

883,  894. 


vGooqIc 


Berry,  526,616. 
Betula,653. 
Betulacex,  656, 
BicoUateral  bundles,  949, 
Bicornes,  659. 
Bifurcation,  177. 
Bignonia,  137,617,653,  866, 
.  9Z^,  919- 

Bignoniacese,  136,  658,  950. 
Bilateral  structure,  204,  85^ 

954- 
Bilirubin,  758. 
Biota,  514,  527. 
Biscutella,  570  (Fig.  396). 
Bisexual,  490. 
Bisacese,  659. 
Blackberry,  614. 
Blasia,  347,  348,352,  557. 
Biastocolla,  10 1. 
Bleeding  of  wood,  677, 
Bloom  on  plants,  99. 
Boletus,  96,  336  (Fig.  79). 
BoraginciC,  597,  658. 
Borago,  598. 
Bordered  pits,  23,  25,  531, 

533.946- 
Boatrychoid  cyme,  180  (Fig. 

,j6). 
Bostryehoid  dichotomy,  178 

(Fig.  134). 
Bostryx,  180,  597. 
Botrychium,  410  (Figs.  2S7, 

289). 
Botrydium,  271,  955. 
Botrytis,  311. 
Bract,  214,  540.  595- 
Bracteole,  297,  304,491,595, 
Branch  system,  176. 
Branching,  lig. 
Branching  of  leaves,  iBi. 
Branching  of  roots,  181, 
Branching  of  stem,  184. 
Brasenia,  575. 
Brassica,  599,  605,  921. 
Brizula,  54  a. 
Bromeliaceas,  63a, 
Bromine,  695. 
Broussoaetia,  907. 
Bryacex,  377,  381. 
Bryineae,  362. 

Bryonia,  867, 939  (Fig.  487). 
Bryophyllum,  173,  640. 
Bryopsis,  272. 
Bryum,  96,    365,    375,    377 

(Figs.  80,  249). 
Bud,  156. 

Bud-rudiment,  297. 
Bud- variation,  921. 
Bulb,  a  16, 620,  625, 704,  707, 

715  (Figs.  421,  424,  470). 
Bulbil,  172, 323,228,295,368, 

622  (Fig.  »5o). 
Bulbocapnos,  634. 
Bulbochxte,  Z7g. 


Bundle-sheath,  112, 113, 115, 
123.  124,  167,  407.  434, 
468,  483. 

Burmanniace^,  633. 


Butomacese,  601. 

Butomus,  558,  568,  606,  626 

(Fig.  382). 
Buxbaumia,  366,  369, 
Buxine£e,*6i. 
ByttneriacEiE,  661. 


Cabombese,  657, 
Cactacex,  638,  662. 
Cactus,  216,  935. 
Gieoma,  331. 
Ciesalpineae,  633, 662. 
CsEsalpinia,  135, 
Galadium,  87. 
Calami  tes,  404,  405,  407. 
Calamodendron,  407,408. 
Calamostachys,  408. 
Calamus,  629,  938. 
Gaknthe,  567  (Fig.  394). 
Calcium,  699. 

Calcium  carbonate,  65,  948. 
Calcium  oxalate,  52,  65,  88, 

699. 
Calcium  sulphate,  699. 
Calendula,  876, 
Callistemon,  651,  949. 
C alii thamn ion,  51. 
CallitrichaceEe,  662, 
Callitriche,  570, 
Callitris,  517,  527  (Fig.  352). 
Callus,  810. 
Calodracon,  114,  129. 
Calothamnus,  544^Fig.  365). 
Calycanthacew,  662, 
Calycanthus,  651, 
GalycereaE,  659. 
Calyeiflorx,  655, 662. 
Calycium,  324, 
Caiyculus,  540-* 
Calypogeia,  359. 
Calyptra,  344,  350,  351,355. 

374  (Figs.  236,  240,. 246, 

257,  263-266). 
Calyptrogen,  489,  500,  952, 
Calyx,  538. 

Gambiform  tissue,  119, 
Cambium,  82,  no,  112. 

Cambium-ring,  127, 130,133, 

531,650. 
Cameilia,  20,  651  (Fig.  id). 
Campanula,  64a,  812  (Fig; 

442,  479)- 
Campanulace^,  86,  642,  65S 
Gampylbtroi>oits,  492,  570. 
Canal  of  the  style,  568  (Fij 

395)- 
Canal-cell,    350,    374,     38S 

595,    41a.    424,    44^5,    47! 


9'^5 
499.  521,  532,  582,  957 

(Figs.  236,  256,  294,  31a, 

330. 
Candollea,  646  (Fig.  461), 
Canna,6r,  625,586(Fig.625). 
Cannabinese,  535,656. 
Cannabis,  loi. 
Cannacese,  99,  628,  632,  952 

(Fig.  430). 
Caoutchouc,  712. 
Cap-cell  of  root,  145  (Figs. 


Capillary  attraction,  684. 
Capilhtium,,262  (Fig.  172), 
Capitnlum,  596  (F~ig.  126). 
Capparideae,  604,  657  (Fig. 

Capri foliaceas,  642, 658  (Fig. 

440}. 
Capsella,  590,  591  (Fig.  403). 
Capsule,  616. 
Capside,  of  MuscineEe,  344, 

374,  375    (Figs.   236-240, 

246,  263-268). 
Caragana,  652. 
Carbo-hydrates,  715. 
Gartion,  695,  696. 
Carbon    dioxide,    696,    703, 

73t.737,  744- 
Carcerulus,  614, 

Carica,  87,  708. 

Carpel,  214,  490,  516,  518, 

526,  536,  559,  567,  574. 
Carpellary  leaf,  493,  517. 
Carpinus,  555,  651. 
Carpogonium,  236,  285,  286, 

287,   2901   397,   301,   307. 

309,   312,   313,   314,    319, 

897  (Fig?.  164,  188,  189, 

190,  197,  J99.  202,  204, 

207,  208). 
Carpophore,  615. 
Carpospore,  236,  305. 
Garposporesc,  236,  244,  284. 
Caruncle,  618. 
Garyolopha,  598. 
CaryophylleK,  563,  570,  66r, 

915. 
Garyophyllinese,  645,  661. 
Caryopsis,  615,  617, 
Cassia,  561,  615. 
Castanea,65i, 

Gasuarina,  116,  491,  541,  651. 
Casuarinese,  662, 
Catalpa,  588,  S48. 
C  ataphy  J  lary  leaves,  186,213, 

509,  622,  623,  624,  640. 
Catharinea,  199,  217. 
Caulerpa,  158,  161,  272,  947. 
Gauline   bundles,    157,    156, 

440,   468,   483,   483,    (.30, 

649,  950. 
Caulome,  150,  151,  15;, 
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Caulotretus,  156, 
Cedrele^,  660. 
Cedms,  509,  527. 
Gelastrineae,  64;,  660, 
Celastrus,  602, 651  (Fig,  407). 
Celi,  Primordial,  5. 
Cell,  Structure  of,  i. 
Cell-division,  8,  12,  16,  275, 

762. 
Cell-families,  81,  246, 
Cell-multiplication,  8. 
Cell-nucleus,  2,  17,  57,  44, 

9+5.  947- 
Cell-plate,  15,  18. 
Cell-sap,  2,  62. 
Cell-wall,  I,  19,  946. 
Cells,  Bundle  of,  81. 
Cells,  Filament  of,  80. 
Cells,  Formation  of,  7,  945. 
Cells,  Formation  of  the  com- 
mon wall  of,  72. 
Cells,  Forms  of,  5,  809. 
Cells,  Group  of,  81, 
Cells,  Layers  of,  80. 
Cellular  tissue,  1. 
Cellulose,  i,  19,  708. 
Celosia,  566,  645  (Fig.  460). 
Celtide«,  656, 
Centaurea,  883,  892. 
Centradenia,  543,  54S,  651, 

(Fig.  364). 
Central  cell,  350,  353,  374, 

j86,  395,  411,  424,  446, 

472,  506,  521  (Figs.  ay4, 

J12,  33t). 
Centranthus,  643  (Fig.  443). 
Centrifugal  force,  action  of, 

772. 
Centrifugal  infloresence, 596. 
Centripetal  infloresence,595. 
Centrolepidacex,  542. 
Centrolepis,  542. 
Centrospermie,fi3o,655,66i, 
Cephalanthera,  908. 
Cephalotaxus,  66,  518,  527. 
Cephalotus,  640. 
Ceramieae,  72,  290. 
Ceramium,  51. 
Cerastium,  563,  564,  616. 
Ceratonia,   20,   33,    36,  73, 

652  (Fig.  39). 
Ceratophyllacesc,  662. 
Ceratophyllum,  49,  98,  586, 

64S,  649. 
Ceratopteris,  164,  422,  430, 

433.  4Ji5- 
Ceratozamia,  501,  503,  506, 

958  (Fig.  345). 
Cercis,  185,  20S  (Fig.  155). 
Cereus,  99,  203,  216, 
Cerinthe,  59B. 
Ceropegia,  89. 
CerorchidCiE,  557. 
Ceroxylon,  99. 


INDEX. 

Chrtocladium,  267,  955. 
ChiEtomorpha,  281, 
Chactophora,  281. 
Chalaza,  492,  571. 
Chamscyparis,  527. 
Chantransia,  290. 
Chara,  152,  293,  902  (Figs. 

115,191-197,  203). 
Characes,  18,  39,  174,  237, 
238,  241,   244,  292,  897, 
898,  S99,  900,  905. 
Characteristic      torms      of 

leaves  and  shoots,  211. 
Chaviea,  137,  951. 
Cheiranthus,  578,  65a, 
Chelidonium,   87,   618,   647 

(Fig.  464). 
Chemical  processes,  695, 
ChenopodiaceK,  574,  661. 
Chenopodium,  536,  577,  578, 

871  (Fig.  359). 
Chimonanthus,6j4(Fig.434). 
Chtaenaces,  660. 
Chlamydoi 
Chlamydo 

947. 

Chloranthese,  656. 
Chlorine,  695,  699. 
Chlorofucine,  765. 
Chlorophyll,    45,    58,    241, 
244,  260,  282,  2S9,  691, 
697,  1°l,  729.  737,  743. 
757,  961. 
Chlorophyll  band,  10,  16, 
Chlorophyll-bodies,  6, 45, 48, 
257  (Figs.  3,  5,  43,  170, 
17'). 
Chlorophyll -granules,   6,    9, 
10,   17,  46,  47,  747,   750, 
94.7  (Figs.  5,  44,  45). 
Chlorophyll    spectrum,   759 

(Fig.  476)- 
Chlorophyllan,  758. 
ChlorophytUTn,756, 833, 83S. 
Chordarieae,  283. 
Chorisis,  605. 
Chromatin,  18,  945. 
Chroococcacea:,8i,  146,  318, 

328. 
Chroolepus,  329,  947, 
Chrysobalane^  662. 
Chrysodium,  433. 
Chrysomyxa,  331,  956, 
Ghrysosplenium,  601. 
Chrysotannin,  767. 
GhytridineiE,  251,  264,  957. 
Cibotium,  428,  435,  441. 
Giehoriacejc,    86,    93,    88  j. 


949. 

Cichorium,  23, 883  (Fig.  2 
Cicinal  dichotomy,  17M. 
Cicinus,  180,  597. 
Cilia,  4,  39,  234. 
Cilia  in  Mosses,  381,  383. 


,643(FIg.4So)- 
Circfea,  646. 

Circulationofprotoplasm,39. 
Circumnutation,  855. 
Cirsium,  93,  640. 
Cissus,  653,  866. 
Cistine^,  659. 
Citrus,  91, 593,616, 646  (Fig. 

462). 
Qldonia,3i9,327(Fig.2»3). 
Cladophora,  15,  281,946. 
Clathrate  cells,  89. 
Claviceps,  316,  317. 
Claw,  539, 

Cleistogamous  flowers,  908. 
Clematis,  174,  540,  554,  936 

(Fig.  129). 
Cleome,  605. 
Climbing   plants,    862,   936, 

962. 
Climbing  stems,  217,  86a. 
Clinostat,  775. 
Closed    bundles,    iro,   439, 

629. 
Closing-cells,  446, 
Closterium,  260. 
Clusiacea:,  660. 
Coalescence  of  cells,  75. 
Cobxa,  569,  936, 
Cobalt,  69s. 
Cocconema,  261. 
Cocculus,  135,  653. 
Cocoa-nut,  585. 
Cocos,  495. 
Coefficients  of  Heat  Espaii- 

sion,  727. 
Ccelastrura,  70. 
Calebogyne,  593,  902. 
Cceloblastx,  244,  269. 
Ccenobium,  252,   278  (Figs. 

167-169). 
CtEnogonium,  323,  329. 
Coffea,  loi,  5S6, 
Coffee-berry,  587, 
Cohesion,  222,  538,  601. 
Colchicum,    384,   622,    627, 

939  (Fig. 422). 
ColeochKte,  236,  237,  240, 

288,  897,  900  (Figs.  186, 

J87). 
Coleochteteic,  237,  241,  244, 

286,  290,  306,  329,  904. 
Coleorhiza,    165,    588,    619 

(Figs.  ■23,124). 
Coieosporium,  331. 
Coleus,  632, 
Co;lateral  bundles,  112. 
Collateral  chorisis,  605. 
Collcma,  319,  32S,  329  (Fig. 

Collemacea:,  31S. 
CoUenchyma,  24, 95, 98,  123, 

654(t'"ig-2i). 
Colleter,  101. 
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Colloids,  670. 
Colouring-matters,  764, 
Colours  of  leaves  in  autumn, 

734. 
Columella,   345,    3 113,    354, 

575.   J79.    j8o,    381,   441 

(Figs.  238,  266,  373)- 
CoUimnea,  323, 548,61 1  (Fig. 

416). 
ColumniferK,  65i. 
Colj'mbea,  507. 
Combined  hybrids,  919. 
Combretace^,  66a. 
Comesperma,  653. 
Commelynace<e,  88, 632  (Fig. 

86). 
Common  bundles,  155,  156, 

40;,  49^,  53=1  S29,  649. 
ComposiCs,  9j,  175,  194, 538, 

540,  555,  571,   57«,    573. 

587,   596,  609,   613,   615, 

617,   6jj,   643,   659,  871, 

872,  910  (Fig.  445). 
Compound    glands,    86,    91 

(Figs.  76,  77). 
Concentric  bundles,  112, 
Conceptade,  281  (Fig.  184). 
Concussion,    Irritability  to, 


Conducting  tissue  of  style, 

56B. 
Conduction  of  heat,  725. 
Cone  of  growth,  138. 
Confervacete,  281,  529. 
Conidia,  333,  239. 
Conifera:,  93,  104,  in,  113, 

130,   15B,   174.    181,    185, 

204,   313,  486,   490,   497, 

507i  53I1  743,958- 
Conjugatai,  9,  244,  252,  257, 

897. 
Conjugation,  8,  9,  224,  234, 

253,  257,  26r,  264,  897. 
Connective,  491,  541  (Figs. 

364,  490). 
ContortsE,  658, 
Contractile  organs,  756,  888. 
Convallaria,  579,  624. 
Convolvulaccie,  88,  555,  658, 

915- 
Convolvulus,  217,  862. 
Copper,  695. 
Corallina,  65, 
Corallineie,  289. 
Corallorhiza,  164,  114,  241, 

620,  697, 
Cordyline,  129. 
Coriaria,  187  (Fig.  144). 


Cork,  30,  33,  95,   106,  415, 

949  (Fig-  90). 
Cork -cambium,  82, 107  (Fig. 

90). 
Corm,  622  (Figs.  422,  423). 
Cormophytes,  151. 
Cornus,  540. 
Cornaeeie,  661. 
Corolla,  538. 

Corollifiorie,  652,  655,  662. 
Corona,  313,  539  {Fig.  j6i). 
Corpusculum,  486,  498,  521. 
Corrosion  by  roots,  702. 
Cortex,   96,   108,    120,  289, 

293. 
Cortical  sheath,  650. 
Coryanthes,  677. 
Corydalis,  535,  604,618,  906. 
Cosmarium,  259  (Fig,  171). 
Costus,  623,  625. 
Cotyledon,    314,    436,    447, 

44S,   47J.   499i   Sor.   507, 

587,  618,  634,  704,  715. 
Crambe,  544. 
Crassulacese,   104,   194,  645, 

653,  661,  949. 
CratKgus,  108,  6;i, 
Craterospermum,  257. 
Cremocarp,  615, 
Crest,  618. 

Crinum,  98,  586,  618,638. 
Critenchyma,  133, 
Crocus,  568,  580,  581,  583, 

87^,  875  (Fig.  423). 
Crown,  299. 

Crozopbora,  644  (Fig.  453). 
Crucibulum,  71,   339   (Figs. 

55,  228,  229,230). 
Cruciferas,    ro4,    494,    573, 

574,   578,   595,   599,   ^o-i, 

607,   616,   633,  634,   657, 

641,647,657  (Fig.  413). 
Cruciflorie,  646,  655,  657. 
Crustaceous  Lichens,  319. 
Cryptomeria,  5^7- 
Crystalloids,    49,    55,    289, 

672,  947,  948  (Fig.  48). 
Crystals,  53,  64, 84  (Fig.  5a), 
Gucumis,  569,925. 
Cucurbita,    22,   29,    33,   36, 

43,  58,  89,  495,  545,  554, 

634,  *i5,   637,   868,   935, 

952  (Figs.  34,  35,  74,  98, 

99.  S'SS,  379,  444). 
Cucurbitacea:,  111,^17,  555, 

570,   587,   643,  654,   658, 

8^5.  924.  9i<>,  949- 
Cunninghamia,  518,527,533. 
Cunninghamiea:,  537. 
Cunonia,  101,  102. 
CunoniaccK,  661. 
Cuphea,  579. 
Cupressinei,  309,  493,  507, 
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Cupressus,509, 516,  517, 527, 

533. 
Cupule,  348,  369,  540  (Figs. 

233,  251). 
CupuliferiE,    535,    587,   633, 

656. 
Curvature  of  concussion,?  87. 
Cuseuta,  217,  241,  634,  637, 

649,  721,865. 
Cuscuteas,  658, 
Cuticle,  34,  98. 
Cuticularisation  of  the  cell- 

waii,  20,  33  (Fig.  37). 
CutleHeac,  956. 
uyanophycese,  344,  246,954, 
Gyatheace^,   391,  435,  438, 

Gyathium,  647. 

Cycades,  93,  486,  488,  489, 

490.  491,   496,   497,  498, 

500,  sor,   315,   519,    531, 

573,  950,958. 
Cycas,   493,    499,    503,   531 

(Fig.  343)- 
Cyelantheie,  631,  952. 
Gyclanthera,  541. 
Cyclic,  600,  608,  641,  657. 
Cyclomyces,  336. 
Cydpnia,  578. 
Cylindrocystis,  258. 
Cyme,  179,  597. 
Cymose  infioresence,  596, 
Cymose  umbel,  179,  596. 
Cynanchum,  598. 
Cynara,  733,  883,  892  (Fig. 

473)- 
Cynaracea;,    93,    B8r,    883, 

886. 
Cynarex,  887,  891,  894. 
Cynoglossum,  54,  598. 
CyperaeciE,   538,  627,  631, 

952. 
Gyperus,  596  (Fig.  373). 
Cypripedium,  548,  557,  603. 
Cystocarp,  292. 
Cystococcus,  249,  329. 
Cystocoleus,  329. 
Cystolith,    36,    65,    68,   948 

(Fig.  53). 
Cystopteris,  430. 
Cystopus,235,275,277{Figs. 

Cystoseira,  282. 
Cytineffi,  656. 
Cytisus,  599,  943. 

Dacrydium,  527- 

Dahlia,  26, 63,119, 166,  713, 

931,  939  (Fig-i.  2;,  26,  39, 

51.74)- 
Daily  periodicity  of  growth. 


123. 


:. 513,1 
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Datura,  i6(,  616. 
Daucus,  493. 
Davallieae,  442. 
Decussate,  1B9,  198. 
D&ioublement,  549,605,645. 
Definite  inflorescence,  596, 
Degradation  of  chlorophyll, 


Delphinium,  578,  579,  608. 
Dentaria,  640. 
Deposits  in  the  cell-wall,  36. 
Derivative  hybrid,  grg. 
Dermatogcn,  147,  500,  590, 

591.  59  =  .  952   (figs.  114, 

132,  125). 
Descent,  Theory  of,  940. 
Desmanthus,  883. 
DesmidieiE,  252,  258,  260, 
Desmodiiiii),  757,  881,  884. 
Deutzia,  j6. 
Development  of  Sexuality, 


176. 

Diageotropism,  854. 
Diagonal  plane,  600. 
Diagram  of  Shoot,  188,  189, 

191,   193,    193,    194,    196 

(Figs.  146,  148,  149,  150, 

151,  152,151). 
Diagrams,  Floral,  6or  (Figs. 

147,  406-414). 
Development    of   Varieties, 

928. 
Diiheliotropism,  854. 
Dialypetate,  659. 
Diandrje,  658. 
Di^nthus,  540,  917. 
Diastase,  708. 
D'atomicese,  47,    344,    253, 

360,  956. 
Diatomine,  260. 
Diatoms,  j6,  260. 
Dieentra,  604, 
Dichasium,    179,    597    (Fig, 

.35). 

Dichogamy,  906. 
Dichotomese,  391,  460. 
Dichotomy,   169,    177,    178, 

460  (Figs,  ijj,  134,  1J7, 

138). 
Diclinous,  490,  500,  907. 
Dicotyledons,    13,    14,    129 

133,  486,  498,    555,   590, 

633. 
Dictamnus,  93, 175,  563, 601, 

603,  856  (Figs.  76,  77,  131, 

j88,  389,  414,  485). 
Dictyostelium,  262. 
Dictyota,  177  (Fig.  133). 


Dictyoteie,  283,  956. 

Didymiiin,  262  (Fig.  173). 
Differentiation   of  cell-wall, 

32, 
DifFerentiiition  of  tissues,!  38. 
Digitalis,  599,  917, 
Dilleniaceie,   136,  646,   653, 

657.  950- 
Diraorphisra,  907. 
Ditecious,  490,  500, 
Ditecism,  905, 

Diona;a,  769,  894,  963. 
DioscoreiE,  633,  952, 
Diosmeie,  660. 
Diospyrinese,  659. 
Diplostemonous,  600. 
Dipsacaceie,  658. 
Diptero carpel,  66a. 
Directions   of  growth,   202, 

Discoraycetes,  308, 

Discophorse,  661, 

Displacement,  219. 

Diurnal  and  nocturnal  posi- 
tions of  organs,  88  r. 

Divergence,  Angle  of,  188. 

Dorsi ventral,  854,  954. 

Dorstenia,  221,  656. 

Doubling  of  the  flower,  542. 

Draba,  605. 

Dracjena,  127,  128,  621,  629 
{Fig.  >o4). 

Draparnaldia,  281. 

Dried  substance  of  plants, 
695. 

Drimys,  651. 

Drosera,  161,  597,  894. 

Drupe,  616. 

Dryadeic,  221,  662. 

Dudresnaya,  392, 

Dwarf  males,  279,  280,  899 
(Figs.  i6j,  183). 

Ebenaceie,  659. 
Eeheveria,  197,  597, 
Echium,  598,  614. 
Ectoearpes,  283. 

Egg-apparatus,  580. 
ElieagnaceiE,  662. 
Elasagnus,  559  (Fig.  384), 
Elaeis,  54. 
Elaphomyces,  315. 
Elasticity,  779.  784. 
Elater,   23,    344,    345,    330, 
(Figs.      - 


2J6, 


240   t 


ElatineE,  662. 
Electricity,  768,  962. 
Elementary  constituents  of 
tiie  food  of  plants,  695. 


EleutheropeSals,  65;,  659. 
El euthero petal ous,  539. 
EleutherophyOous,  539. 
Eleutherosepalous,  539. 
Elodea,  750. 
Embryo  of — 

Dicotyledons,  634. 
Monocotyledons,  61S. 
Embryo-sac,  486,  492,  498, 
506,   520,   529,    576,   900, 
959  (Figs-  397-40'). 
Embryology  of — 

Angiosperms,  587,  959. 
ConifersE,  535  (Figs.  354, 

355). 
Cycadese,  506. 
Dicotyledons,  590  (Figs. 

403-405). 
Equisetum,    395     (Fig. 

Ferns,'435  (Figs.   296- 

398). 
Gnetacea;,  958. 
Hepatic^,35i,  353,355, 
360,   957   (Figs.  237, 
238,  240,  246). 
Isoetes,  472. 
Monocotyledons,     589 

(Figs.  402,  4.04). 
Mosses,  375,  957  (Figs. 

257,  264). 
OphioglossesE,  412. 
Rhizocarpeje,  447  (Figs. 

3i(,  313-315)- 
Selaginella,    471    (Figs- 
331,33^)- 
Embryonal  tubes,  529, 
Emergences,  161. 
Empetracea;,  662. 
Empetrum,  570. 
Empirical  diagram,  602. 
Empusa,  277. 
Emulsin,  708. 
Enantioblast^  625,  632. 
Encephalirtos,  501. 
Endocarp,  594,  615. 
Endocarpon,  329. 
Endogenous  formations,  ifi3, 

170.  359.  4°o. 
Endophyllum,  330,331, 
Endoplasni,  40. 
Endosmotic  force,  672. 
Endosperm,  472,  486,  492, 

495.  497.  498.  506,  521, 
529,  585,  618,  633,  715, 
90a  (Figs.  124,  331,  346, 
348,  354.  355,  400.  401, 
419.  434.435)- 

Endospore,  32, 344, 404,4a  1, 
4J7- 

Endostome,  570. 

E^ndothecium,  375,  556. 

Energy  of  growth,  821. 

Entomophilous,  494,  908. 
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Entomophthorea;,  277 
Epacride^   644,    659    (Fig. 
454). 

Epenchyma,  121. 
Ephebe,  321  (Fig.  216). 
Ephedra,  528,  5J0,  651. 
Epibasal  cell,  351,  395,  426, 

447,  47J. 
Epical  ys,  5  40. 
Epicarp,  594,615. 
Epidermil  tissue,  79,  94. 
Epidermis,  97  (l-'igs.  37,  79- 

89)- 
Epigyn*,  658. 
Epigynous,  559. 
Epilobium,  601  (Fig.  38a). 
Epimedium,  570,  646  (Fig. 

396). 
Epinasty,  857. 
Epipactis,    91 J    (Figs.    396, 

492). 
Epipiiragm,    341,   383    (Fig. 

173)- 
Epipliyllum,  538. 
Epipogium,   164,    620,    633, 

697,721. 
Epispore,  31,  444,  446,  458, 

556  (Figs.   33,  jio,  311, 

314,  315,  334)- 
Epistrophei  750. 
EquisetacesEj  142,  225,  385, 

390,  392. 
E^uisetineae,  390. 
Equisetum,  13,  36,  143,  173, 

393   {Figs.    10,    in,   J23, 

374-286). 
Eranthis,  540. 
Ergot,  316  (Fig.  209). 
Ericace^,  601,644,  659  (Fig. 

454)- 
EriocauloneEE,  S32. 
Erodiiiin,  644,  940. 
Eryngium,  559  (Fig.  385). 
Erysiphe,  311  (Fig.  207). 
Erythrophyll,  767. 
Erythroxylace^,  660, 
Escallonia,  570. 
Escalloniese,  661. 
Etiolation,  754. 
Etiolin,  74J. 
Eucalyptus,  640,  949. 
Eucycl^,  655,  659. 
Eueyclic,  601. 
Eudorina,  278. 
Eugenia,  652. 
Euonymus,  570,  651. 
Euphorbia,  85,  86,  179,  189, 

597,  618,  647  (Figs.  74, 

148). 
Euphorbiaceat,  86,  644,661, 
EuphorbieEe,  661. 
Eupodium,  419. 
Eurotiaie,  312. 


Eurotium,  312  (Fig.  20S). 
Euspwrangiata,  388. 
Evernia,  329. 
Exalbuminous,  587. 
Excipulum,    323,   324    (Fig. 

218). 
Esobasidium,  336. 
Exogenous  formations,  154, 

Exospore,  32,  344,  404,  431, 

438. 
Exostome,  570. 
Extensibility,  779, 784. 
External  sheath,  420. 
Extine,    32,   305,   5'4,   555, 

555(Figs.  35,  36,  350,351, 

381). 
Extra  -  axillary      branching, 

175,639- 
ExtrDr-ie,  557. 

Fagus,  584. 

False  dichotomy,  179  (Fig. 
'35); 

Fascicular  cambium,  130. 
Fascicular  tissue,  79. 
Fascicular  xyleni,  130, 
Female    prothalltum,    444, 


Female    reproductive 

224,  897. 
Ferments,    organised, 


959 

Filiform  apparatus,  580,  582, 

959- 
Filobacteria,  249. 
Fissidens,  198,  364,  jSfl. 
Fienibility,  779. 
Flexibility     of     internodes, 

785. 
Float,  395. 
Floral  diagram,  6or. 
Floral    formula,    606,    625, 

642. 
FlorideEe,  51,  238,  244,  288, 

898. 
Flower,  490,  538,  599,  625, 


cell. 


Ferments,  1 


[Organised,   60, 


Fertilisation,  224,  233,  267, 

495,523,582,897. 
Festuca,  542. 
Fibrovascular  bundle  of-— 
Dicotyledons,  649  (Figs. 

93,  95)- 
Equisetum,  407. 
Ferns,    439    (Figs.   94, 

J08). 
Gjminosperms,  530. 
Ltgulatx,  482. 
Lycopodiaceas,  468. 
Marattiaceffi,  420, 
Monocotyledons,      629 

(Fig.  92). 

Ophioglosse^,  415. 

Phanerogams,  496. 

Rhizocarpese,  459. 

Fibrovascular    bundles,    79, 

108,  387,  949. 
Ficaria,  577. 
Ficus,   36,   68,   85,   98,    220 

(Figs.  S3,  139). 
Fig,  220,594,614. 
Filament,  491,  541. 
Filices,  239,  39',  42I' 
Filicineie,  390,409. 


soft: 


262. 


641. 
Flowe; 
Fluorescence  of  chlorophyll, 

760. 
Fluorine,  695. 
FoliaceousLichens,  319  (Fig. 

Foliage-leaves,  214. 
Foliose  HepaticLE,  347. 
Follicle,  615. 
Fontinalis,    153,    195,    199, 

372  (Figs.  116,  267). 
Food- materials,  696. 
Foot,  344, 351,  387,  395, 426, 

448,  472,  473  (Figs.  »38, 

364,  365,  296,  313,  314). 
Foramen,  492. 
Formative  materials,  705. 
Fossil  EquisetacesE,  407. 
Fossil  Lycopodiaceie,  4S4. 
Fourcroya,  557,  568. 
Four-fold  pollen-grains,  557. 
Fovea,  475  (Fig.  334). 
Foveola,  475. 
Fovilla,  556. 
Fragaria,  568,  578. 
Fragmentation,  946. 
Fraacoacese,  661. 
Franguhne^e,  660, 
FrankeniaceE,  659. 
FrMiinus,  65a. 
Free  cell-formation,  10,  945, 
Freezing,  effects  of,  731. 
Frenela,  517,  527. 
Fritillaria,    192,     621,     677 

(Figs.  151,  4^0- 
Fruit,  495,  593,614- 
Frullania,  347,  359,  362. 
Fruticose  lichens,  319. 
FncaceK,  3,  281,  936. 
Fuchsia,  572. 
P'ucoide^e;  144,  281,  955. 
FucoxanthinG,  766. 


235,= 


h  905, 


915  (Figs.  :,       .,       ,, 
Fumaria,  61  3. 
Fumariaces,   604,  646,  657 

(Fig.  4..). 
Funaria,   47,    97,   362,    367, 

368,370,371,373,381,915, 
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272   , 

Fundamental  tissue,  79,  120. 
Fungi,  217,  241,  697,  956. 
Funiculus,  492,  570. 
Funkia,i5,aj,5Si,572,5S!, 

593  (f"igs.  13,19,375,376, 

398,  399), 

Gagea,  495,  598. 

GamopetalK,  655,  658. 

Gamopetalous,  221,  539, 

Gamophyllous,  339. 

Ganiosepalous,  231,  539. 

Garidelk,  60S. 

Gases,  movements  of,  691. 

Gasteromycetes,7i,3o7,338. 

Gelatinous  lichens,  320. 

Gelidium,  2S9. 

Gemoii,  172,  aa3,  34a,  348, 

369,  423  (Figs.  234,  251)- 
General  conditions  of  Plant 

Life,  72S- 
Generating  tissue,  82, 
Generations,  Alternation  of, 

222,  233,  342,  J85,  486, 

488,  399. 
Genetic  spiral,  190. 
Gentianaceie,  638. 
Genus,  927. 
Genus- tiybrid,  915. 
Geoglossum,  311. 
Geographical  distribution  of 

plants,  943, 
Geotropism,  negative,  839. 
positive,  8j9  {Figs.  482, 

484J. 
transverse,  854. 
Geraniaceie,  660. 
Germination,  715,  728,  731. 
Germination   of  seeds,  501, 

507,  619,  635  (Figs.  346, 

419.  435,  43^)- 
Germination  of  spores,  258, 

259,   a62,   268,   293,   333, 

346,   361,   39J,   416,   421, 

442,   461,   469,  515,   511, 

580,  582. 
Gesneracea,  658. 
Geum,  221,  579  (Fig.  161). 
Ginkgo,  520,  57S. 
Glabrous,  99. 
Gladiolus,  555. 
Glands,  compound,  91  (Fig. 
76). 
simple,  84. 
Glandular    hairs,    101,    161 

(Figs.  77,  359). 
Glans,  615. 
Glaucium,  588. 
Gieba,  307,  341  (Fig.  231}. 
Gleditschia,   218,   659,    652, 

935- 


INDEX. 

Gleichenia,  431. 
Gleichcniacc^,  391,441. 
Globoids,  5a  (Fig.  48). 
Globu'aria,  648. 
Globulariaces,  65B. 
Globule,  298  (Figs.  197,  198, 

Glceocapsa,  246  (Fig.  165). 
GlcEOCystis,  348. 
Glaotheee,  147. 
Gloxinia,  584. 
Glucose,  712. 
Glume,  631. 
GlumifloriE,  631. 
Glyptostrobus,  527. 
GnetacesE,  497,498,  goo,  527, 

958- 
Gnetum,  527,  57B,  959. 
Gomphrena,  580. 
Gonidium,  223,  239,  318, 
Gonium,  253. 
Goodeniaees,  659. 
Graminese,  631  (Fig.  409). 
Grand    period    of    growth, 

Granulose,  56, 60. 
Graphidejc,  329. 
Graphis,  319. 
Grass,  flower  of,  603. 
Grasses,  embryo  of,  fii8. 
Grateloupia,  292. 
Gravitation,  action  of,  770, 

839  (Fig.  482). 
Grossulariaeefe,  661, 
Growing   point,   138    (Figs. 

108-114). 
Growth- 
action  of  ejectricitj'  on, 

96=. 
action  of  gravitation  on, 
770,   839  (Figs.   477, 
482). 
action  of  light  on,  752, 

833,  962. 
action   of  temperature 

causes  of,  775. 
directions  of,  202. 
in  length,  815. 
in  length  of  the  root  and 

in  thickness  of  the  cell- 
in  thickness  of  the  root. 


mechanics  of,  773. 
of  starch-grains,  57. 
periodicity  of,  823. 
uinalcs,  660. 


Guard-cells  of  stomata,  98, 

103  (Figs,  61^65,84-89). 
Gum,  j6,  93,  705. 
Gum-passages,  93  (Fig.  66). 
GuttiferK,  660. 
Gytnnadenia,  578. 
Gymnoascus,  307,  308. 
Gymnocarpous,  306 
Gymnocarpous  lichens,  323. 
Gymnogramme,  431 
Gymnosperms,497,  498, 534, 

897 
Gymnosporangia,  331,  335. 
Gymnostachys,      626     (Fig. 

433) 
GymnostomouB,  381 
Gymnostomum,  3153 
Gyniteum,  490,   557,  627, 

641  (Figs.  j86,  387). 
Gynandrsc,  633. 
Gynobasic    style,    563,   568 

(Figs.  389,  390). 
Gynophore,  547,  563  (Figs. 

371,  388), 
Gynostemium,  547,  627,633 

(Figs.  372,  492). 

HiEmato  coccus,  934. 

Hsmodorace^,  632. 

Hairs,   99,    150,    160    (Figs, 
42,83). 

Hakea,  124,  652. 

Halidrys,  282. 

Haloragide*,  662. 

Halymenia,  292. 

Haustoria,    275,    812   (Figs. 
175,  n6). 

Heat- 
action  of,  731,884. 
conduction  of,  725. 
production  of,  723. 
radiation  of,  725. 

Heat -expansion.  Coefficients 
of,  727. 

Heating  apparatus   for  the 
microscope,  736  (Fig.  474). 

Hebenstreitia,  648. 

Hedera,  651. 

Hedychium,  625  (Fig,  429). 

Helianthemum,  577,  597. 

Helianthus,  567  (Fig.  393). 

Helicoid  cyme,  1 80, 597  (Fig. 
136). 

Helicoid      dichotomy,     178 
(Fig.  134)- 

Heliotropism,  832. 

negative,  756,  833. 
positive,  756,  833. 


Heliotropium,  598. 
Helleborus,  495. 
HelobisE,  630. 
Helvella,  311. 
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Hemerocallis,  597,  598- 
Hemicydic,  600,  641. 
Hemileia,  956. 
Hepaticae,  345,  346. 
Heppia,  J  28. 

Heracleum,  610  (Fig,  415). 
Hermaphrodite,  490. 
HerminLum,  218  (Fig.  158). 
Herpothamnion,    291    (Fig. 

189). 
HesperidesE,  660. 
Hesperidium,  616. 
Heterocyst,  247, 
Hetenecism,  332. 
Heteromerous,  601. 
Heteromerous  lichens,  330. 
Heterosporeae,  389. 
Heterostylism,  907. 
Hibiscus,  616. 
Hieracium,  pafi. 
Hildenbrandtia,  289. 
Hilum,  49a,  370,  618. 
Hicianthalia,  28  2. 
HippocastaneiE,     644,     660 

.(Fig.  453)- 
HlppocrateacesE,  660. 
Hippuridex,  662. 
Hippuris,  155,537, 649  (Figs. 

119,360)- 
Histology  of — 

Dicotyledons,  649. 

Filices,  438. 

Gymnosperms,  530. 

Ligulatx,  481. 

Lycopodiacere,  467, 

Marattiacex,  420. 

Monocotyledons,  639. 

Ophioglossacea;,  413. 

Phanerogams,  496. 

Rhizocarpe^,  459, 
Holargidium,  60  g. 
Holly,  34.  J5  (F'g-  37). 
Hollyhock,    43,    loi    {Figs. 

42,8}). 
Honioiomerous  lichens,  320. 
Hook-climbers,  962, 
Hop,  B62,  939. 
Hormogonia,  954. 
Hoya,  29,  85,  668  (Figs.  30, 

466). 
HumiriaccK,  660. 
Hyacinthiis,  77  (Figs.  61-64), 
Hybrid,  914. 
Hybridisation,  914. 
Hydnora,  5;6. 
Hydnores,  656. 
Hydnum,336. 
Hydrangea,  652. 
Hydrangea,  661. 
Hydrilla,  630. 
Hydnileae,  63 1, 
HydrocharidesE,  623,  631. 
Hydrocharis,  624,  626, 
Hydrodictyete,  344,  255. 


Hydrodictyon,  456. 
Hydrogen,  695,  697, 
Hydropeltidinere,  655,  637. 
Hydrophyllaces,  63B. 
Hydropleon,  664. 
HydrophyllCK,      539      (Fig. 

483). 
Hydrotropism,  B45. 
Hymenium,  306  (Figs.  205, 

218,219,227). 
Hymenomycetes,  336. 
Hymenophyllacea;,  421,  441. 
Hymenophyllum,  422. 
Hyoscyamus,  598. 
Hypecoum,  604. 
Hypericines,  544,  660, 
Hypericum,  543,  602  (Figs. 

367,  4o3). 
Hyphs,   84,   J07   (Figs.   55, 

205,  214-217,  225,  229). 
Hyphal  tissue,  84. 
Hypobasal    cell,    351,    395, 

426,  447,  472. 
Hypochlorin,  710. 
Hypocotyledonary  axis,  507, 

633. 
Hypoderma,  95, 98,133  (Fig. 

Hypodermiae,  335. 
Hypoglossum,  289. 
HypogynE,  658. 
Hypogynoiis,  559. 
Hyponasty,  857. 
Hypophysis,  589  (Figs.  402— 

405). 

Hypothallus,  323. 
Hypothecium,  324. 
Hypsophyllary    leaves,    214, 


Iberis,  649. 

Ice,  Formation  of,  731  (Fig, 

473)- 
Idioblast,  84,  91, 
lllicium,  613. 
Imbibition,  790. 
Irapatiens,  335,  637, 
Incombustible    deposits    in 

cell-wall,  36, 
Indefinite  inflorescence,  595. 
Indehiscent  fruits,  615,  616. 
Indusium,    419,    435,    455, 

575  (Figs.  303,  304). 
Inferior   ovary,    566    (Figs, 

393,  394)- 
Inflorescence,  490,  495,  594, 
Innovation,  185,  342. 
Insect-agency  in  pollination 

494,  906  (Figs.  488-492). 
Insertion  of  leaves,  155, 
Integument,  492,  498,  570 

575  (Figs.  397,  398). 
Intercalary  growtli   of  cell- 
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Intercalary  vegetative  zone, 

536,  3iS. 
Intercellular  spaces,  75,  76, 

93,  98  (Figs.  58-66,  78). 
Intercellular  substance,  72, 

76, 119. 
InterfascieulareambiMm,ijo. 
Interfascicular  phloem,  rjo. 
Interfascicular  xylem,  130. 
Intermediate  cells,  119,  651, 
Intermediate  tissue,  125. 
Intemodes,  156. 
Interposed  members,  601, 
Intine,  33,   505,   5r4,   333, 

555  (figs.  345,  351,  380, 

381). 
Intr.ipetiolar  buds,  639. 
Introrse,  557. 

Intussusception,  29,  58,  666. 
Inulin,  62,707  (Fig.  51). 
Involucel,  396. 
Involucre,  540,  396, 
Iodine,  695. 
Ipomsa,  599. 

Iridex,  625,652  (Fig.  427). 
Iron,  696,  699. 
Irritability,  865,  878. 
Isatis,  175  (Fig.  132), 
Isoeteie,  389,  392,  460, 
Isoetes,  173,  183,  215,  388, 

468,  958  (Figs.  13S,  329, 

33°,  355.  334)- 
Isocarpe^e,  655,  659, 

IsosporeiE,  389. 
Isostemonous,  600, 
Ivy,  78,  837,  935,  938  (Fig. 
66). 

JasminiacejE,  658. 

Ja.minam,6s,. 

Jerusalem     artichoke,     42, 

61. 
JuglandeK,  662. 
Juglans,  633. 
Juliflorae,  635. 
Junccese.  6jz. 
JuncagineEe,  626,  6;i   (Fig. 

432). 
Jungennanma,347,356(Figs. 


244, 


Z46). 


Jungermannie^,    343,     349, 

35',  35*- 
Juniperinea:,  327. 
Juniperus,    509,    511,    513, 

523  (Figs.  349,  555). 


Jus 


1,  555- 


Kalmia,  616. 
Karyokincsis,  i 
Kaulfussia,  416 
Kenenchyma,  i 
Kerria,  651. 
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Kitaibelia,  540. 

Klugia,  59S. 

Knight's  experiments  on  the 

influence   -of   gravitation, 

853- 
I.abellum,    567,  515    (Figs. 

J94,  493)- 
LabialK,  548,  575,  585,  613, 

633,  648,  65S. 
Labiati dorse,  653. 
Labium,  47;  (Fig.  334). 
Laburnum,  613, 
Lamina  of  Leaf,  2 1 2,  640. 
Laminariei,  283, 
Lamium,  549,  578,  640  (Fig. 

37!). 
Lanx,  509,  511, 
Lateral  budding,  169  (Figs. 

Lateral  plane,  600. 
Lateral  roots,  i66(Fig.  125). 
Lateral  shoots,  173. 
Lathnea,  50,  648. 
Laticiferous   ceils,    85,    961 

(Figs.  69,  71). 
Laticiferous  vessels,  86,  705, 

712,  948  (Fig.  72). 
Latticed  cells,  89, 
Lauraceie,  643. 
Laurincs,  657- 
Leaf,  150,  153,  157,  187. 
Leaf,    development     ot,    in 

Leaf-bearing  axes,  153. 
Leaf-blade,  212,  640. 
Leaf-branching,  t82. 
Leaf-forms,  211. 
Leaf-sheath,  396. 
Leaf-spines,  215, 
Leaf-stalk,  ira,  640. 
Leaf-tendrils,  214,  865. 
Leaf-trace,  155,  496, 
Leaf-veins,  213. 
Leaflet,  212. 
Legume,  615, 
Legumin,7i9. 
Leguminos^  S33,  718. 
Lejolisia,  i8i,  291  (Fig.  190). 
Lemaneaceie,  289. 
Lemna,  164,  621,  626,  628, 
Leranaceie,  630. 
Lempholemma,  328. 
LentibulariaceK,  659. 
Lenticels,  108. 
Lepidium,  604. 
Lepidodendron,  484. 
Lepidostrobus,  485. 
Leptogium,  328  (Fig.  215). 
Leptosporangiata,  388. 
Lessonia,  283. 

Leucojum,  628. 
Levistieum,  183  (Fig.  140). 


IXDEX. 

Leycesteria,  642  (Fig.  440). 
Lihocedrus,  509. 
Libriform    Fibres,    35,    118 

(Fig.  97)- 
Lichens,  331,  241,  318. 
Lichina,  328. 
Lichnoerythrine,  766. 
Liehnosanthine,  766. 
Light- 
action  of,  737. 
chemical  action  of,  745. 
mechanical     action    of, 
749,  832. 
Lignification  of  the  cell-wall, 

20i  34,705. 
Ligulatx,  392,  461,  468, 
Ligule,  212,  392,   475,  539, 

624  (Figs.  361,  4=5). 
Liliacefe,  584,  602,  606,628, 

632  (Fig.  406), 
Liliiflors,  625,  632. 
Lijium,  223,  ^23. 
Limnanthace^  660. 
Linaceaf,  660. 
Linaria,  640, 
Lingub,  475  (Fig.  334), 
Linnea,  579. 
Linum,  563. 
Liriodendron,  652. 
Lithium,  695. 
Lithocysts,  84. 
Lithospermum,  59S. 
Loasacese,  659. 
Lobelia,  642  (Fig,  442). 
Loheliacei,  86,  613,  658. 
Loculicidal  dehiscence,6i6, 
Lodicule,  538,  627, 
LoganiaceiE,  658. 
Lome  ntum,  615. 
Lonicera,    640,     642     (Fig, 

440). 
Loranthaeeas,  576,  585,  599, 

662,959. 
Loranthus,  588. 
Lunuiaria,  348,  355. 
Lupinus,  52,  718  {Fig.47). 
Luzula,  577. 

Lychnis,  536,  539  (Fig.  361). 
Lycogala,  262, 
Lycopodiaceae,  184,  385,  392, 

461,  484,  953. 
Lycopodies,  184,  3B9,  392, 

460. 
Lycopodineae,  460. 
Lycopodium,   72,   388,   389, 

461,  466,  515  (Figs.  326- 

328). 
Lygodium,    117,    432,    435, 


476.  4B0,  491  (Figs.  319- 
^   J2',  325,  JJ5). 
Macrospore,   31,  386,    389, 

442.  455.  457,  458,  470, 

491,    497    (Figs.   33,  310, 

3",  J14,  U°,  ni,  3i8). 
Macrozamia,  503, 
Macrozoogonidia,  a8i. 
Magnesium,  52,  696,  699. 
Magnolia,  549,  612,  652. 
Magnoliaces,  600,  608,  641, 

657- 
Mahernia,  579. 
Mahonia,543, 88o(Fig.  562). 
Maianthemum,  606, 
Maize  (Figs.  iS  Mt,  41,  50, 

58,  91,  117,122-124)- 
Malachium,  563. 
Malaxis,  622. 
Male  Prothallium,  442. 
Male  reproductive  cells,  224, 

897. 
Malope,  540. 
Malpighiace^,  660, 
Malvaceie,  661. 
Manglesia,  547  (Fig.  370). 
Manubrium,  298  (Fig,  198). 
Marattia,  64,  93,  416. 
MarattiaceK,  391,  416,  882. 
Marchantia,  33,  78,  348,  350, 

356,  962  (Figs.  18,  65,  89, 

233-236,241-243). 
Marchantia,  stomata  of,  75, 

106,948  (Figs.65, 89, 233). 
MarchantieK,  343,  352,  355. 
Marcgraviacere,  660. 
Marsilia,  162,  184,  443,  446, 

447,   451,   45*1   459.    882 

(Figs.  120,  I2r,  142,  310, 

314,  315,  317,  321,  325). 
Marsiliaces,  391,  460. 
Mazus,  648. 

Mechanics  of  growth,  773. 
Mechanism  of — 

heliotropism,  837. 
geotropism,    853   (Fig. 
482. 


Median  plane,  188,  600. 
Median  wall,  426. 
Medullary    rays,    1 20,    129, 

131,  531,  649  (Fig,  105). 
Medullary  sheath,  130,  531, 

65o(Fig.ios). 
Megacarpiea,  605, 
MegacUnium,  8S1. 
Megalospora,  325, 
Melaleuca,  651. 
Melampsora,  331. 
Melampyrura,  648. 
MelastomaceEe,  662. 
Meliaceie,  660, 
Melilotus  493. 
Mciobesia,  65. 
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Melobesracex,  290. 
Members,  149. 
Menispermacea:,    643,    65 j, 

657  (Fig.  449). 
Mentha,  6j3. 
Menyanthes,  161,  595. 
Mericarp,  614,  615. 
.Merismopedia,  347,  954. 
Meristem,  80,  137. 
Mertensia,  451. 
Mesembryanthemes,    65  j, 

Mesocarp,  594,  615. 
^Mesocarpesc,  257. 
Mesocarpus,  257. 
Mesophyll,  11%. 
Mesotienium,  258, 
Metam  orphosis — 
chemical,  708, 
of  organs,  149,  151,934. 
Metaplasm,  37,  40. 
Metastasis,  703. 
Metzgeria,i4o, 181,347, 35*i 

952   (Figs.  109,  110,  137, 

232). 
Micella,  19,  664. 
Micellar  aggregate,  664. 
Michauxia,  642,  646. 
MicranthK,  631. 
Microcachrys,  537. 
Micropyle,   492,   570  (Figs. 

35*.  397>40o)- 
Microsomata,  18,  947. 
Microsporangium,  453,  455, 

459,  475.  476,  479  (Figs. 

309,    319-321,   325,    334, 

JJ5). 
Microspore,   j86,   389,  442, 

469,  491,  497  (Figs.  309, 

3'o.  J*9,  331)- 
Microzoogonidia,  256,  281. 
Mid-rib,  213. 
Middle  (central)  lamella,  as, 

J4,  73   (Figs.  24,   j2,   38, 

57). 
Mignonette,  187  (Fig.  145). 
Mimosa,  8B2,  888. 
Mimoseat,  550,  557, 662, 879, 
Mirabilis,  538,  653. 
Mistletoe,  634,  837. 
Mnium,  342,  363. 
Molecular  forces,  663. 
Momordiea,  940. 
Monocarpellary,  560, 
Monocarpic,  594. 
Monocarpous,  560, 
Monochlamydeae,  655,  656. 
Monocle^  353,  354. 
Monocotyledons,  498,  618. 
Monocyclic,  6o(. 
Moncecious,  490,  900. 
Monoscisni,  905. 
Monopodial      inflorescence, 

59S- 
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Monopodium,  177  (Figs.  119, 

Myrtace^e,  662. 

123,  132). 

Myrtiflora:,  662. 

Monosymmetrical,  204,  611. 

Myxoamcebie,io,39,252,26i, 

Monotropa,   214,    241,   577, 

955  (Fig-  173)- 

578,   584,  634,   649,   697, 

Mysomycetes,  10,  4r,   244, 

261,945. 

MonotropeEe,  659. 

Monsonia,  644. 

Naiadex,  57;,  6r8,  630, 

Monsterines,  84  (Fig,  70). 

Naias,49i,54t, 557,565,566, 

More^,  656. 

573,575,  627. 

Morchella,  311. 

Nardus,  603  (Fig.  409). 

Morel,  311. 

Nasturtium,  930. 

Mosses,  342. 

Natural  Selection,  929. 

Mosses  (true),  381. 

Natural  System,  942, 

Mougeotia,  258. 

Nectar,  494,  569. 

Movement- 

Nectary,  494,  569. 

action  of  light  on,  756, 

Negative  geotropism,  839. 

883. 

Negative  heliotropism,  756, 

ciliary,  4,  232,  240,751. 

833- 

dependent  on   oxygen, 

Nelumbiaee^  641,  657. 

722,  886. 

Nemalieze,  289,  290. 

influence  oftemperature 

Neraalion,    238    (Figs.    164, 

on,  729,  884. 

188). 

of  chlorophyll  granules. 

Neottia,  168,  214,  697,  721, 

750- 

935- 

of  protoplasm,   38,   40, 

Nepenthes,  656. 

261,730,  749,  769. 

Nepenthes,   640,    677,   688, 

of  water,  674, 

934- 

Movements — 

Nephrolepis,  428,  431,  433. 

induced,  878. 

Nerium,  539,  632. 

of  gases,  691. 

Nickel,  695. 

of  nutation,    835,    S37. 

Nicotians,  494. 

862,  866. 

Nidularies,  539. 

of  nutation,  influence  of 

Nigella,  542. 

light  and  temperature 

Niphobolus,  429,  430. 

on,  871. 

Nitella,  17,  49,  298, 300,  302, 

-  periodic,  878. 

903  (Figs.  14,  198-202). 

periodic,    influence    of 

Nitophyllum,  390, 

light  on,  882. 

Nitric  acid,  698. 

Mucilage,  conversion  of  the 

Nitrogen,  691,696,  698. 

cell-wall  into,2o,  J3,35,705- 

Node,  156. 

Mucor,  265,  266. 

Nostoe,  347. 

Mueorini,  163,  367, 

Nostocace^,  ^47,  328. 

Miihlenbeckia,  651. 

Nothoscordum,  593. 

Mulberry,  594,614. 

Nucellus,  487, 497  (Figs.  j+B, 

Multilateral  structure,  205. 

349.   332,   354,   355,   38J, 

Musa,  553,  621. 

391,  397,  398). 

Musace£e,625,632  (Fig.  428). 

Nuclear  disc,  18,  (Fig.  10). 

Muscari,  174  (Fig.  130). 

Nuclein,  947. 

Mu-sci,  345,  361. 

Nucleoli,  38,  44. 

Muscinea:,  342. 

Nucleus,  2,  j8,  44,  947- 

Mushroom,  307,   336  (Figs. 

division  of,  17. 

2  23-22  7). 

Nucule,  299. 

Mycelium,    226,    30;,     307 

Nuphar,  575,  586,  617,  64B 

(Figs.  174,  175,  180.  181. 

(Fig.  68). 

204,208,225). 

Nut,  615. 

Myosotis,  598. 

Nutation,  835  (Fig.  483). 

Myosurus,  561,  578. 

Nutmeg,  587. 

Myricaceai,  657. 

Nutrition,  773. 

Myriophyllum,  49,  171. 

Nyctagines,   137,  633,  66r, 

Myristica,  492,  570,  387. 

930. 

MyristicacetE,  657. 

Nyctitropic,  873- 

Myrosin,  708, 

Kympha^a,    538,    549,    5^6, 

Myrsinacei,  570,  659. 

612,  6^8. 
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Oak,  6i+. 

Obdiplostemonous,  6oi. 

Oclinaceas,  660, 

Oehrolechia,  jafi, 

Octamerous,  64  a. 

Octants,  351. 

CEdogonieje,  344,  278. 

(Edogonium,  9,  11,  s}5,  279, 
B97,  945  (Figs.  17,  i6j, 
182,  183). 

CEnothereie,  662. 

Oidium,  311. 

fil,  52.  91.70^,715- 

Oleaceac,  643,  658  (Fig.  4^3). 

Olfersia,  436. 

Omphalaria,  3)8. 

Omphalodes,  598, 

OnagraricEe,  555. 

Onopordon,  640. 

Oocardium,  248. 

Oogonimn,  3,  234,  267,  271, 
175,  279.  38'  (Figs.  163, 
i77,  179.  'Si,  183,  185). 

Oopliore,  225,  342,385,431, 
48S. 

Oosphere,  224,  234,  267,  350, 
355,  373,  4*5,  44^,  486, 
523,  580,  897  (Figs.  163, 
177,  179,  i8r,  183,  185, 
236,  240,  256,  29s,  314, 
33",  354,355,  399}- 

Oospore,  224,  234,  343,  471, 
585- 

Oospores,  244,  267. 

Opegrapha,  329. 

Open  bundles,  650. 

Opening     and     closing     of 


Operculum,  345,  3B1    (Fig.      Panr 


Orthotropic,  854. 
Ortliotropous,  492,  570. 
Oscillatorie^,  346,  347. 
Osmunda,  433,  435. 
Osmundacese,  397,  410,  437, 

Ouvirandra,  625. 

Ovary,  493,  497,  558  (Figs. 

382-395). 
Ovule,  487,  491,  497,  49S, 
570  (Figs.  343,  347- 
349,  397,  398,  40o)- 
development  of,  in  An- 

giospe litis,  576. 
development  of,  in  Co- 
development  of,  in  Gne- 

Oxalic  acid,  699. 
Oxalideie,  660,  879. 
Oxalis,  882,  891. 
Oxygen,  691,  696,  698. 
Osy-salts,  698. 
Ozothallia,  282. 

Pfeonia,  614. 

Pale^,  150,  435,  602,  6ji, 

Paliurus,  599. 

Pallisade  -  parenchyma,    84, 

53J,  735- 
Palraaceas,  634,  631. 
Palmella,  348. 
Palmeilaeeie,  46,  344,   348, 

329. 
Palms,  620,  623,  629,  93B. 
Pandanace^,  (,31. 
Pandorina,    234,   254   (Figs. 

163,  167). 
Pandorinex,  244,  253. 
Panicle,  596. 
Panicled  inflorescences,  596. 


266). 

OphioglosscK,  3?5,  391,  410. 
Ophioglossum,  410, 412, 414, 

958  (Figs.  2B8,  390). 
Ophrydese,  557,  603,  638. 
Opuntia,  538,  566, 
Orchidese,    557,    576,    579, 

583,  586,    593,   603,  etSi, 

627,   633,  9°8,   96a   (Fig. 

410). 
Orchis,  571,  578  (Figs.  397, 

418). 
Order  of  succession  of  the 

parts  of  Ihe  flower,  608. 
Organic  cintre,  303. 
Organs  of  plants,  149. 
Origin  of  species,  920. 
Omithogalum,  580,  588. 
Orobanche,    214,    241,  634, 

649,  935- 
OrobanchesE,  585,  63B. 
Orthostichy,  188  (Fig.  154). 


Papain,  708, 

Papaver,  87,  616,  641,  647, 

^54  (Fig.  4^4)- 
Piipaveracei,  87,  647,  657. 
PapayacKE,  87,  659. 
Papilionacefe,  607,  609,613, 
Pappus,  538,  617,  940. 
Paraphyses,   309,    310,    325, 

336,   338,   343,   370,   435, 

441     (Figs.    2Q5,    219,    237, 

253). 
■Parasites,  214,  343,  649,  720, 


Parenchyma,  83  (Fig.  1). 

Parietales,  659. 

Paris,  188,  606  (Fig.  147). 

Parmelia,  327. 

Parnassia,  642,836(Fig.44i). 

Paronycliiefe,  645,  661. 


Parthenogenesis,    275,    593, 

902. 
Passiflora,  536,  865,  870. 
Passifloracese,  659, 
Pastinaca,  183  (Fig.  140). 
Paullinia,  653, 
Pectinaceous  substances,  70  6. 
Pediastrum,  70,  356  (Figs. 

54,  169). 
Pedicularis,  588,  648, 
Peduncle,  49 1 . 
Peganum,  610,  644, 
Peissomelia,  389. 
Pellia,   352,    360,    395,   422, 

945- 
Peltigera,  319. 
Pelvetia,  1S2. 
Penicillium,  226,  306,  314. 
Pentamerous,  641, 
Peperoraia,  579. 
Perianth,  490,  52S,  538. 
Periblem,  147,  163,  500,  052 

(Fig.  ,,4). 
Pericambiuni,  115,  134,  167 

(Figs.  96,  106,  114,  125). 
Pericarp,  594,  615, 
Perichactium,  343,  371. 
Periderm,  95,  106. 
Peridinm,  306,  33J,  340  (Fig, 

231). 
Perigynse,  661. 
Perigynium,   343,  350  (Fig. 

236). 
Perigynous,  559. 
Periodic  movements  of  or- 
gans, 878. 
Periodicity    of    growth    in 

length,  817,  823. 
Periodicity  of  tension,  808. 
Perisperm,  491,  586. 
Peristome,   381    (Figs.  266, 

267,  273). 
Perithecium,  308,  312,  313, 

3'7,  323  (Figs.  207,  208, 

209). 
Permanent  tissue,  82. 
PeronosporeEE,  244,  275,  955. 
Persea,  555. 
Pertusaria,   3:9,    326    (Fig. 

Petal,  5  38, 

Petiole,  212,  64a. 

Peziza,  :i,  310  (Figs,  203, 
206). 

Phfeosporeie,  283,  956. 

Phalloidei,  341. 

Phallus,  340  (Fig.  231). 

Phascaceie,  377,  380, 

Phascum,  375. 

Pbaseolus,  24,  134,  135,  147 
561.   636    (Fip.   2 
107,  113,  385,437)- 

Phegopteris,  430,  441. 

Pheiioderm,  107  (Fig.  90). 
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Phellogen,  8*,  107  (Fig.  90). 
Phiiadelphe^,  661. 
Philodendron,  93. 
Phloem,  III,  119. 
Phloem -ray,  rri,  iji. 
Phloem-sheath,  440,  463. 
Phlomis,  564  (Fig.  390). 
Phcenix,  618  (Fig.  419). 
Phosphorescence,  733, 
Phosphorus,  696,  699. 
Phototactic,  753. 
Phototonus,  757,  3S5. 
Phragmidium,  332. 
Phycocyanine,  346,  766, 
Phycoerythrine,  289,  766. 
Phycomyces,  165,  167  (Fig. 

174)- 
Phycophaeine,  281. 
Phycoxan thine,  260,  766. 
Phyllactidium,  339. 
Phyllanthace^,  661. 
PhyllantheK,  661, 
Phyllisciimi,  328. 
Phylloclade,  J17. 
Phyilocladus,  158,  217,  509, 

510,527. 
Phyllade,  476, 
Phyllode,  2  2  2. 
Phylloglossuni,  462,  463. 
Phyllome,  150,  157. 
Phyllophorac-eiE,  289. 
Phyllophyte,  151. 
Phyllopode,  484. 
Phyllotaxis,    1S7,    194,    953 

(Figs.  146-154). 
Phyllotaxis  of  LigulatiC,  476, 
Physalls,  638. 
Physaruiii(Fig,  173). 
Physeia,  327  (Fig.  222). 
Physma,  327  (Fig.  222). 
Phytelephas,  587, 
Phytocrene,  653,  950. 
Phytolacca,  645,  653   (Fig. 

459)- 
PhytoiaccaceEE,     136,      645, 

661. 
Phytophthora,  275. 

Pileus,  336,  337. 

Pilobolus,  267, 

Pilularia,  31,  451,  455,  457, 

458,  460  (Figs.  33,  318, 
_._J2IV  323.-^324). 
^  -,Eine-appIe,  "6if?-, 

Pinus,  is-n°,  72, 74, 94,  io5> 

124,  50a,  527,  533  (Figs. 

23,  24,  32,  60,  78,88,102, 

loj,  346,  356). 
Piperaces,    137,    492,   496, 

5*41   57J,    575,   ^JJi   654, 

656,  951. 
Piperines,  655. 
PiptocephalidEe,     267,     955 

(Fig-  175)- 


Pistia,  585,628. 

Pisum,  52  (Fig.  46). 

Piteher-like  organs,  677. 

Pith,  120, 

Pitted  vessels,  24,  116  (Figs. 

25-27,  97)- 
Pittosporeae,  93, 660. 
Placenta,  452,  492,  574. 
Placentation,  561,563, 
Plaglotropic,  854,  954. 
Plane  of  insertion,  i83. 
Plane  of  symmetry,  204, 
Plantaginese,  643,  658  (Fig. 

447). 
Plasmodium,  10,  39,  252, 262, 

841,955. 
Platanacete,  656. 
Platan  us,  639. 
Platycerii.m,i70,432. 
Pleomorphy,  23^. 
Pleon,  664. 
Pleospora,  316. 
Plerome,  115,  147,  163,  500, 

952  (Fig.  114). 
Plerome  sheath,    115,    124, 

415  (Fig.  96). 
Pleurocarpous  Mosses,  370. 
Pleuroeoccus,  246,  353,  329, 
Plocamium,  289. 
Pluinbagincfe,  659. 
Plumule,  499,  593. 
PodocarpCic,  527. 
Podocarpus,  500,  510,  527. 
Podophyllum,  647, 
Podospiiiera,  238,  312. 
Podostemonei,  663. 
Point  of  insertion,  188. 
Polanisia,  605  (Ffg.  412). 
Polar  nuclei,  580. 
Polarised  light,  665. 
Polemoniacex,  658. 
Pollen,  Development  of,  12, 

'4.  '5,  32>  505,  55'>  552 

(Figs.    12,   34,    374,   375, 

378,  379)- 
Pollen-grain,    23,    34,    234, 

487,   491,  498,   506,  514, 

553,  555,  900  (Figs.  36, 
345,  35°,  35',  378,  38°, 
381). 

Pollen-sac,  491,  505,  512, 
542,  SSI,  552,  556  (Figs. 
374-  3771- 

Pollen-tube,    33,    515,    523, 

554,  568  (Figs.  35,  345, 
354.  355i  576,  395)- 

Pollination,  494,  583. 
Pollinium,  557,  913, 
PoUinodinm,  236,  307,  309, 

3ra,  313,  B98  (Figs,  204, 

207). 
Polyblastia,  329. 
PolycarpK,  631,  657. 
Polycarptllary,  561. 
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Polycarpic,  594. 
Polycarpous,  560. 
Polychidium,  328. 
Polycyclic,  601. 
Polyembryony,  526,  593. 
PolygaIa,i36,6i2(Fig.4.7). 
Polygalaee^,  136,  653,660. 
Polygamous,  535,  905. 
Polygamy,  905. 
Polygonaceie,  493,  565,  662, 
Polygonatum,  186, 619  (Figs. 

I4J,  420). 
Polygonum,  580,  638,  930, 
Polypodiace^,  391, 42  [,441. 
Polypodieec,  441. 
Poly  symmetrical,  204,  611. 
Polytrichum,  365,  366,  368, 

384  (Fig.  273)- 
Pomes,  662. 
Pomegranate,  616. 
PontederiaceK,  632. 
Populus,  637, 640. 
Pore-capsule,  616. 
Porlieria,65i. 
Porocyphus,  328. 
Portulacaceae,  661. 
Posterior,  600, 
Potamogeton,  625, 630, 
Potamogetonese,  586, 63 1. 
Potassium,  696,  699, 
Potato,  50,  59. 
Potentilla,  609,  651. 
Pottia,  361. 
Pressure,     Effect      of,      on 

growth,  809. 
Prickle,  loo. 
Primary  bast,  650. 
Primary  cortex, 137, 130, 532, 

649. 
Primary  endosperm,  582. 
Primary        fibro  -  vascular 

bundle,  129,  649. 
Primary   1       '  '  -      - 


Primary  root,  164,  166. 
Primary  tissue,  80. 
Primary  wood,  531,650. 
Primine,57i  (Figs. 397,  398). 
Primordia,  609. 
Primordial  cell,  5. 
Primordial  epidermis,  147. 
Primordial  utricle,  42. 
Primulaceie,   493,   565,  574, 

644,  "559  (Fig.  45^)- 
Primuiinex,  659. 
Procarabium,  no. 
Products — 

of  degradation,  705, 
of  degradation  ofchloro- 
phyll,  47. 
Pro-embryo,  293  (Fig.  191). 
Pro-embryonic  branch,  296. 
Prollfication,  490,  503, 
Promycelium,  3  3o^Fig.  224). 
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Pro- nucleus,  495. 
Prosenchyma,  83,  950, 
Protandrous,  910. 
Proteaceie,  66  a, 
Proteids,  51. 

Protenchyma,  121. 
Prothallium,  225,  385,  393, 
,    594,    4^7,  444.   447)   47', 

486,498,521,  522,  582. 
Frotococcus,  348,  329. 
Protogynous,  910. 
Protomyees,  335,  957. 
Protonema,   226,    342,   346, 

36f,  362,  363,  376  (Figs. 

247,  284,  250,  3S9)- 
Protophyta, 244,  245. 
Protoplasm,  2,  37,  947, 
Prot  Ota  sites,  272. 
Pseudasis,  178, 180. 
Pseudocai-p,  221,  594,  614, 
Pseudo-parenchyma,  84, 307, 
Pseudopodium — 
of  Mosses,  369. 
of  Sphagnum,  379  (Fig. 
,6j). 
Pseudotsuga,  533, 
Psilotese,  392. 
Psilotum,  164,  460,  464,  942, 

957- 
Psoralea,  81  (Fig.  69). 
Pteris,24,  27,  =8,  30,  35, 109, 

113,   123,   144,   5r6,   424, 

436,   438,    429,   431,   439 

{Figs.  22,  27,  28,  31,  38, 

84,91,95,    101,    tI2,    156, 

294,   296,    399-301,    307, 

108). 
Puecmia,  3JI,  335,  334  (Figs. 

323,  234). 
Pulvinus,  880,  882,  889. 
Punctum  vegetationis,  138. 
Punica,  651, 
Purpose,  934. 
Puschkinia,  495. 
Putamen,  616. 
Pycnidium,  308,  316,  ji6. 
Pycnophycus,  282. 
Pyrenomycetes,  316, 
Pyrola,  5^2,^34  (Fig-  J^?)- 
Pyrolacea:,  659. 
Pyrus,  559. 
Pythium,  2  73- 
Pyxidium,  616, 


Raceme,  595. 

Racemose  branching,  179. 

Racemose  inflorescence,  5  95. 

Racoblenna,  328. 

Radial  bundles,  949. 

Radiation  of  heat,  725. 
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Radicle,  593,  635, 

Radula,  343,  346,  356,  362 

(Fig-  H5)- 
Raffiesiacesc,  634,  656. 
Ramaiina,  337. 
Ramenta,  4.28,  435. 
Ramondiefe,  65S. 
Raminculacea:,  634,  657, 
Raphe,  492,  570. 
Raphides,  65,  84,  8E. 
Reaumuriacesc,  660. 
Receptacle — 

of  Flower,  221,490, 559, 
614  (Figs.  159-161). 

of   Mosses,    370    {Figs. 
253,  256)- 
Receptacles  for  : 


Receptive  spot,27i,28o,  425. 
Reciprocal  hybrids,  916. 
Regular  flowers,  6rr. 
Rejuvenescence  of  the  cell, 

8,  945. 
Reproductive  eel's,  223,  896. 
Reseda,  608  (Fig.  145). 
Resedacei,  608,  659. 
Reserve-materials,  704. 
Reservoir  of  reserve -mate- 
Resin- passages,  93,  94,  532, 

949  (Fig.  78). 
Respiration,  727. 
Restiacese,  632. 
Rcsupi  nation,  604. 
Retardation    of   growth   by 

light,  755,  832. 
Revolving  nutation,  855, 
Rhamnaces,  660. 
Rheum,  565  (Fig,  391). 
Rhinanthus,  579,  648, 
RhizantheK,  656, 
Rhidne,  3i9(Fig.2i4). 
Rhizocarpeas,  385,  391,  442, 

957- 
Rhizocarpon,  533, 
Rhizoclonium,  281. 
Rhizuid,  231,  393,  296,  367 

(Figs.  80,  191,  348), 
Rhizome,  316. 
Rhizophore,  168,  477. 
Rhododendron,  557, 
Rhodorace^,  601,  659. 
Rhodosp ermine,  50,  51,  298. 
Rhus,  644  (Fig.  453). 
Rhynchonema,  904,  930. 
Ribes,  107  (Fig.  90). 
Riccia,  344,  351,  354  (Figs 

239,  340). 
Riccie^,  352,  354. 
Ricinus,  53,  113,  114,  182, 

544,  635,  705,  716  (Fjgs 

48,  9J,  S4,  '39,  3&S.  4:i5 


rr). 


Rivularia,  348. 
Rivulariese,  347,  328. 
Robinia,  584,  652. 
Roccella,  329. 
Roestella,  331,  335.  . 
Root,  150, 163, 
Root-cap,    144,     162,    953 

(Figs._ii3,  ,14,  120-22). 
Root-hairs,  163, 
Root-pres5ure,      676,      685, 

688  (Figs.  467,  469), 
Root-sheath,  165  (Fi^  123, 

134). 
Root-system,  i  S4. 

branching  of,  164,   181 

(Figs.  135,  ij8). 
fibrovascular  system  of, 
114,   949     (Figs.    96, 
106). 
growth  in  thickness  of, 
133  (Figs.  106,  107). 
Rosa,  320  (Fig.  160). 
Rosacese,  662. 
Rose-hip,  221,  614, 
Rosette,  521. 
Rosiflone,  662. 
Rostelium,  91J  (Fig.  492). 
Rotation  of  protoplasm,  39, 

43- 
Rubiace^,    645,    658    (F^g. 

446). 
Rubus,  578. 
Rudbeckia,  599. 
Ruscus,  317,  935. 
Rutace^,  660. 
Rutes,  66a. 

Sabal,  191  (Fig.  149). 
Sabina,  516,  527, 
Sabulina,  578. 
Sacchai-omyces,  344,  349 
Saccharomycetes,  344,  3 

955. 
Sagittaria,74,  634  (Fig.  59)- 
SalicIneiE,  660. 
Salisburia,    513,    517   (Fig, 

347)- 
Salix,  599. 

Salvia,  913,  940  (Fig.  498). 
Salvinia,  191,  391,  443,  444, 

445,  449>  450,  453   (Figs. 

150.    3<'9,    3"-3'3,    3ifi. 

319I 
Salvmiace^,  391,  459. 
Samari  615. 

Sambucus,  650  (Fig.  465). 
Samolus,  566,  599. 
Samydacea;,  659. 
Sangmsorba,  578. 
SanguisorbciC,  662. 
Sat  talaceae,  576,  663. 
Sintilum   579,580,581. 
Sap  vesicles,  43, 


■'^9, 
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SapindaceiE,  653,  660, 
Sapindeie,  660. 
Saponaria,  535. 
Sapotacex,  659. 
Saprolegnia,  897,  955   (Fig. 

'63)- 
Saprolegnieas,  235,  244,  272, 

955- 
Saprophytes,  214,  342,  620, 

6491  697,  72r,  942. 
Sarcina,  249,  954  (Fig,  i66). 
Sarcocarp,  615. 
Sarcogyne,  525. 
Sarraeenia,  640. 
Sauromatum,  183,  624. 
Saururea,  656. 
Saxifraga,s6a  (Fig.  586). 
Saxifragacea:,  642,  661,  949. 
Saxifraginex,  661. 
Scabiosa,  593. 

Scalariform  vessels,  25,   27, 
114,  439(F'i8S-"7i94.3o8). 
Scale-leaves,  186,  214. 
Scattered  arrangement,  188. 
Schiz^Ea,  432. 
Schizieaeea!,  391,  440. 
Schizandrere,  657. 
Schizoearp,  614,  615, 
Schizomycetes,     244,     248, 

95+  (Fig.  166). 
Schultz's  solution,  69. 
Sciadopitys,  519,527. 
Seilla,  597. 

Scirpus,625  (Fig.  426). 
ScitamineK,  632. 
.  Seleranthei,  661. 
Scleranthus,  645  (Fig.  458). 
Sclerenchyma,  35,  84,  122, 

135  (Fig.  28). 
Scleroblasts,  8j,  84. 
Seierotium,  306,  315,  317. 
Scolecite,  510. 
Scoipioid    cyme,    180,   597 

(Fig.  136). 
Scorpioid    dichotomy,    i  J  3 

(Fig.  134). 
Scorzonera,  87  (fig.  72). 
Scrophularia,  90  {Fig.  75). 
Scrophulariacese,  658. 
Scutellum,   166,    618   {Figs. 

123,  .24). 
Scdtiform     leaf,     444,    447 

(Fig.  31.). 
Scytonema,  248. 
^cytonemeie,  248,  328. 
Seytosiphon,  956.    . 
Secondary — 

bundles,  136,  653,  950. 
endosperm,  582. 
meristem,  82. 
phloem  (bast),  117, 131, 

products  of  metastasis. 


Secondary — 

roots,  164. 

wood  (xylem),  127, 131, 
531.  650.651. 
Secretion-canals,  93, 
Secundine,  571. 
Securidaca,  156,  S55,  950. 
Sedum,  597  (Fig,  85). 
Seed,  486,  593,  618,  633. 
Segmentation  of  the  apical 
cell,  139,  951  (Figs.  108- 

Selaginex,  65  S. 
Selaginella,  47,  80,  122,  471, 
473.   476,   477>   479,   480, 
481,  482,  483,  486  (Figs. 
44,67.100,331,335-341). 
Selaginellese,  392,  481. 
Senebiera,  604. 
Senecio,  578. 
Sepal,  214,  5j8. 
Septate    Fibres,    118,    651 

(Fig.  97). 
Septicidal  dehiscence,  616, 
Septjfragal  dehiscence,  616. 
Sequoia,  509,527- 
Serjania,  653. 
Serpentariese,  656, 
Seta— 

of  Cyperaceae,  538. 
of  Muscinea:,  344,  351, 
374  (Figs.  266,  273). 
Sexual — 

affinity,  916, 
generation,  225. 
reproduction,  223,  896, 
reproductive  cells,  224, 
897. 
Sexuality,  development  of, 

901. 
Sheath-teeth,  4O0  (Figs.  278, 

Shells,  formation  of,  in  the 
cell-wall,  32  (Figs.  35-i8). 

Shield,  298  (Figs.  198,  200). 

Shoot,  158,  215. 

Sieve-cells,  22. 

Sieve-plates,  22,  89,  118 
(Figs.  98,  99). 

Sieve-pores,  89, 

Sieve-tubes,  88,  118,  948 
(Figs.  74,  98,  99). 

Sigillaria,  485* 

Sileneae,  661. 

Silicon,  696,  700. 

Siliqua,  616. 

Silphium,  598,  640. 

Silver  grain,  130,  651. 

Simarubea,  660, 

Simple  glands,  84. 

Simultaneous  whorls,  187. 

Sinningia,  580. 

Siphonex,  271,955- 

Sirogonium,  258. 

3K 
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Sirosiphoa,  248,  328. 

Sisymbrium,  599. 

Sisyrinchium,  573. 

Skeleton  of  cell-wall,  36. 

Skeleton  of  starch-grain,  60, 

Sleep  of  plants,  873. 

Sodium,  696,  699. 

Soft  bast,  119. 

SolanaceK,  iii,  219,  597, 
658. 

Solanum,  556, 

Solorina,  326. 

Solubility  'of  starch-grains, 
61. 

Sorby's  researches  on  chlo- 
rophyll, 764. 

Sordaria,  316. 

Soredial  branch,  321  (Fig. 
2 '7). 

Soredium,  326  (Fig.  221). 

Sorus,  435  (Figs.  292,  304, 
321). 

Sp3diciflor£e,'63i,  884. 

Spadis,  595. 

Sparmannia,  651,  884, 

Spathe,  540,  624, 

Spathularia,  311. 

Special  mother-cells,  15,  32, 
554  (Figs.  34,  378,  379)- 

Species,  Origin  of,  920. 
Species-hybrid,  915. 
S  pectnim  of  ch  I  orophy  II  ,759. 
Spetmatia,   308,    326,    329, 

333,893. 
Spennogonium,  308, 316,326, 

330,  J33  (Fig-  2«3)- 
SpermothamniesE,  290. 
Sphacelarieie,  283,  944,  965. 
Sphacelia,  317. 

Sphazrobacteria,  249. 

Sphseromphale,  329. 
Sphseroplea,  235,  269. 
Sphierotheca,  311. 
Sphagnaceac,  377. 
Sphagnum,    376,   377,    37^, 

379  (Figs.  8i,  258-263). 
Sphenophyllum,  408. 
Sphere- crystals,  63,  64,  420 

(Fig.  51). 
Spicate  Inflorescences,  595. 
Spicular  cells,  66,  84  (Fig. 

52). 
Spite,  595. 
Spilonema,  328, 

Spiraa,  651. 

Spirsee,  662. 

Spiral  arrangement,  190. 

Spiral  flowers,  600. 

Spiral  theory  of  phyilotaxis. 
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Spiral   vessels,   22,   90,   m, 

n6  (Figs.  75,95)- 
Spirillum,    ^49,    954    (Fig- 

166). 
Spirobacteria,  249. 
Spirochfete,  249. 
Spirogyra,  10,  16,  46,  234, 
358,  946  (Figs.  5,  6,  13, 
no)- 
Spirulina,  249. 
Splitting  of  the  cell-wall,  73 

(Figs.  38,  59). 
Spongy  parenchyma,  84, 
Spontaneous  periodic  move- 
ments, 880,  881,  895. 
Sporangium,  388,  402,  414, 
4315,   453,   455>   45^,   459- 
466,   475,   476,    479,   480 
(Figs.  28s,  290,  292,  304, 
305-    319-323,    325,    327, 
334.  335,  337.338)- 
Sporastatia,  323. 
Spore,   223,   aaS,   382,   404, 

433. 
Spores,  IVlode  of  formation 
of,   12   (Figs.   7,   10,   188, 
205,    223,    227,    268-270, 
286,   305,   30*,   322,   323, 
337). 
Sporidia,  330,  334  (Fig.  224). 
Sporoearp— 

of    Carpcsporesc,     236, 

284  (Figs.  164,  187- 

190,    199,    204,   207, 

2q8,  218). 

of    RhiKocarpex,    451, 

453,453,455,45^,459 

(Figs.  317^321,335). 

pporogonium,  226,  343,  350, 

354,   355,   360,   374,   379i 

3S0,  381  (Figs.  238,  240, 

246,  237,  263-266). 

Sporophore,  225,  343,  387. 

Spur,  570  (Figs.  396,  491). 

Stamen,  490,  505,  514,  529, 
541,  543,  544,  545,  54^ 
(Figs.  344,  347-350,  3S2- 
366,  490). 

Staminal  leaves,  541, 

Staminode,  548. 

Staphisagria,  60S. 

Staphylea,6si- 

Staph  yleacese,  660, 

Starch,  6,  56,  707,  747. 

Starch-forming  corpuscles, 
948. 

Starch  grains,  46,  56,  61 
(Figs.  45,  49). 

Staurospermum,  257. 

Stem,  150,  157. 

Stem-tendrils,  217,  865. 

Stephanosphsera,  255  (Fig. 
168). 


INDE  X. 

Sterculia,  547  (Fig.  371). 
Stereuliaeeas,  66  r. 
Stereocaulon,  319. 
Sterigma,  326. 
Stichococcus,  329. 
Sticta,  j2o(Fig.  214), 
Stigeoclonium,  4,  8  (Fig.  3). 
Stigma,  493,  558,  568  (Figs, 

382,   385-387,  390-392, 

395,  49',  492). 
Stigma,  of  Museinex,   343, 

373- 
Stigmaria,  485. 
Stigmatie  cells,  351, 
Stinging  Iiairs,  100, 
StipulatEE,  390,  410. 
Stipule,  212,  215,640. 
Stipules  of  Chara,  195, 
Stolon,  217. 
Stomata,  77,  102,   103,  104, 

105,  106,  67a,  949  (F'KS. 

84-89). 
Stone,  122,  J25. 
Stone-cells,  84. 
Stone-fruit,  616. 
Stratification    of    the   cell- 
wall,  J9,  27,  946. 
StratiotesE,  631. 
Stratiotes,  952. 
Strawberry,  221,  594,  614. 
Strelifzia,  555. 
Striation   of  the   cell-wall, 

19,  27  (Figs.  28,  50,  32). 
Stroma,  316  (Fig.  309), 
Strontium,  695. 
Strophiole,  618. 
Struggle  for  existence,  939. 
Struthiopteris,     428,     433, 

435. 
StrychnaccK,  658. 
Strychnos,  587,  949. 
Style,  558,  567   (Figs.   385, 

386,    388-390,    392,    J93, 

395,49')- 
Stylidicie,  659. 
Sty  logon!  dium,  239. 
Stypocaulon,  139  (Fig.  108), 
Styracaces,  659. 
Suberouschangeof  cell-wall, 

Subhymenial  layer,  310,  323, 
325,  333,  33S  (Figs.  7,  205, 
2.8,219,227). 

Successive  whorls,  187, 

Succulent  tissue,  83. 

Sugar,  708, 

Sulphur,  696,  698. 

Sulphuric  acid,  698. 

Sunflow-er,.7i, 154,171  (Figs. 

Superior  gyna:ceum,  560. 
Superposed,  189,  601,  645, 
Surfece-growth  of  the  cell- 


Survival  of  the  Fittest,  941, 
Suspensor,    473,    499,    523, 

588  (Figs.  332,  354,  355, 

399,  400,  402-405)- 
Swarm-spore,  4,  12,  240, 
SwartzieiB,  662. 
Swelling -up,   35,    6r,    668, 

778. 
Swimming  of  swarm-spores, 

3B. 
Symmetry,    204,    537,   610, 

960. 
Sym petal*,  658. 
Sympetalous,  221,  539. 
Symphoricarpus,    642    (Fig. 

440). 
Symphyllous,  539. 
Symphytum,  577,  59S. 
Sympodial  inflorescence,597. 
Sympodium,  178,  180. 
Synacmic,  910. 
Synalissia,  327. 
Synandra,  658. 
Syncarp,  614, 
Synchitrium,  252. 
Synergidic,    580,   959    (Fig, 

399)- 
Synsepalous,  jsi,  339, 
Syntagma,  664. 

System,  Natural,  94s. 

Taecaceae,  632. 
Tagma,  664. 
Tamariscinefe,  660. 
Tannin,  706. 
Tap-root,  637. 
Tapetum,388,437,49i(F)gs. 

305,  3^2,  337,  374,  J77)- 
Targionea,  356. 
Tasmannia,  651. 
TaxincEc,  527,  958. 
Taxodinea,  527,  938. 
Taxodium,  510,  517,  527. 
Taxus,  515,  522,  327  (Figs. 

343,  354)- 
Tecoma,  137,  654. 
Teeth,  381,  383. 
Teleutospore,  330 (Figs,  233, 

Temperature,  Influence  of, 
725- 


n  plants,  787. 


ofti 


-',  794- 


wall,  : 


,946. 


Terebinthacese,  93,  660, 
Terebinthinese,  660. 
Terminal  branching,  176. 
Ternstrbmiaceie,  660. 
Testa,  486,  493,  593   (Figs. 

346,435,436.438). 
Tetracycla:,  655,  657, 
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TetragoQidia,  289,  956  (Fig. 

190). 
TelragonieK,  66i. 
Tetramerous,  641. 
Tetraphis,   369    (Figs.    351, 

253). 
Tetraporoa,  605. 
Tetraspora,  ^48. 
Thalloid  HepaticEe,  346. 
Thallome,  151,  158. 
Thallophytes,  151,  231,  244- 
Thallus,  151. 
Thamnidium,  267- 
Theca,  344i  374  (Figs.  266, 

2S7,  s7«-273)- 
Theobroma,  635. 
Theoretical  diagram,  602. 
Theory  of  descent,  940. 
Thesiuni,  599,  648. 
Thickeaing-ring,    129,    147} 

651- 
Thread-indicator,  827- 

Thuja,  su,  527  (Fig.  JSO- 

Thujopsidx,  527. 
Thunbergia,  34  (F'S-SiS). 

Thymel^ceje,  662. 

ThymelKincEe,  66a. 

Thyrsopteris,  419. 

Tilia,  652(Fig.46j). 

TiliaceEE,  646,  661. 

Tissues,  Forms  and  Systems 
of,  79- 

Tissues,  Morphology  or,  70, 
948. 

Tmesipteris,  463. 

Torenia,  581. 

Torreya,  519,  527>  958. 

Torsion,  859, 

Torus,  490,  559. 

Trabeculie,  479  (Fig.  334). 

Tracheides,  75,  116,  949. 

Traction,    Action     of,    on 
growth,  809. 

Tradescantia,  554,  577- 

Trama,  338  (Fig.  227). 

Transfusion-tissue,  533- 

Transpiration,  678,  961. 

Transpiration  current,  682. 

Transportof  assimilated  sub- 
stances, 711. 

Transverse  wall,  426. 

Trapa,  386,  592,   63J   (Fig. 

Traube's  artificial  cells,  671, 

961. 
Tree-ferns,  215,  433. 
TremellineK,  336,  956. 
Trichohlast,    85    (Figs.    70, 

466). 
Trichogyne,   2j3,   288,   290, 

329  (Figs.' 164,  188-190). 
Trichoraanes,  421,  441. 
Trichome,  150,  160. 
Trichomes,  of  Ferns,  435, 


Trichophore,  238,  28! 
TrlcoccK,  661. 
Tricyclic,  601. 
Trjfolium,  599. 
Triglochin,  577,626. 
Trimorphism,  907. 
Triphragmium,  332. 
"^  ■       ■  I.  577- 


Trochodendron,  651. 
Tropieolacex,  660, 
Tropseolum,    14,  586,   640, 

865,  936  (Fig.  486). 
Truffle,  314. 
Tsuga,  527,533' 
Tuber,  Z15,  216,  226,  704, 

935- 
Tuber  (truffle),  308,  315. 
TuberaceEc,  314. 
TubiflorLC,  658. 
Tulipa,  7^5  (Fig.  47"). 

Turgidity,  781,  788,  962. 

Turneracese,  659. 

Twining  of  climbing  plants, 

S&2. 

Twining  of  tendrils,  865, 
Twining  stems,  ^17,  8S2. 
Tyloses,  24,810. 
Type,  941. 

Typha,  49(,  54',  54^.  564- 
Typhacea:,  573,  631. 
Tyrosine,  718. 

Udotea,  272. 
Ulex,  652. 
Ulmace^,  656. 
Ulmus,  584,  940. 
Ulothricacese,  257. 
Ulothris,  252,  253,237,901, 

902. 
Ulvacei,  281. 
Umbel,  596. 

Umbel,  Cymose,  185,  596. 
Umbellicaria,  325. 
Umbelliferse,  661. 
Umbelliflor«,  66r. 
Uncaria,  962. 
Unequal  growth,  854, 
Unguis,  5J9, 
Unicellular  plants,  79,  232, 


597- 
Uredineae,  330,  956. 
Uredo,  330. 
Uredospore,   330,  333   (Fig 

223). 
Urn,  344,  374- 
Uromyces,  332. 
Uropedium,  603. 
UrticaeeK',  100,  656. 
Urticeie,  656. 


292.      Usnea,  320,  321,  327  (Figs. 

2IJ,  217,  22l)- 

UstilaginesE,  333,  956. 
Utricular  vessels,  88  (Fig.  7  3). 
Utricularia,  639. 


Vacdnietc,  659. 
Vaccinium,  648. 
Vacuole,  3,  38,  40. 
Vaginula,  344,  37+. 
Valeriana,  643  (Fig.  443). 
Valerianacex,  643,  658. 
Vallisneria,  43,  769. 
Vallisnerie^e,  631. 
Valonia,  946, 
Vanilla,  935. 
Variation,  777. 
Variation  of  hybrids,  918. 
Varieties,  Origin  of,  930, 
Variety,  921. 
Variety-hybrid,  915. 
Vascular  Cryptogams,  385. 
Vaucheria,  41,  244,  269,  270, 
271,  897  (Figs.  40,    176, 

Vegetable  ivory,  587. 
Vegetative  cone,  [38. 

Velamen,  98, 

Velum,  337,  475  (Fig.  225). 
Venation,  213,  624,  641. 
Ventral  canal-cell,  350,  386, 

jySi  425,  446  (Figs.  256, 

295). 
Veratrum,  596. 
Verbascum,  577. 
Verbenacefe,  658. 
Veronica,  599. 
VerrucarifiEE,  329, 
Versatile  anther,  543. 
VerticiUate  flowers,  600. 
Vessels,  80,  116,  949- 
Vibratile  cilia,  4,  240. 
Vicia,  635,  B82,  936  (Figs. 

436,477). 
Victoria  regia,  640. 
Vine,  837,  935,  936. 
Viola,  568,   586,   912   (Figs. 

395,  4°°'  40',  49')- 
ViolaceiC,  639. 
Virginian  creeper,  837,  937- 
Viscmn,  578. 
Vitis,  639,  865  (Fig.  457). 
Volkmannia,  408. 
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Water,  Ascent  of,  ft' 

root,  685. 
Water,  Currents  of, 

wood,  679. 
Water,  Exudation  of,  676. 
Water,  Movements  of,  674. 
Water  of  crystallisation,  31 
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